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Ensuring a positive human environment is one of the most important urban
management tasks, which requires appropriate scientific support. The results of a
review of scientific publications of foreign and national publications concerning
assessing the quality (comfort) of the living environment allow determining the
main factors affecting the quality of life of the urban population. These factors in-
clude atmospheric air quality, noise pollution, road network and traffic, the nature
of real estate development, and site landscaping. Based on the selected factors,
the research objective was to develop a multi-faceted approach to the ecological
assessment of the urban environment comfort, which can be applied in practice
when planning the development of urban areas. The following indicators were
used as assessment indicators: average annual concentration of suspended solids,
noise level, intensity of traffic flows, real estate development density, share of green
spaces, and area of parks and recreation sites. The studies of the municipal entity
territory of the city of Barnaul, Altai Krai, conducted according to the developed
methodology made it possible to identify the most ecologically uncomfortable zones
of the city and propose approaches to solving the existing ecological problems. The
most acute problems of the city urban environment are the non-uniformity of site
landscaping, the congestion of highways, and the low level of improvement of the
entire territory, especially the recreation areas. These things significantly reduce the
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ecological comfort level of the population living. In order to improve it, it is nec-
essary to take real actions to improve urban infrastructure, first of all, to optimize
transport flows, expand and create new zones of green spaces.
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3KOJOI'MYECKUA KOM®OPT
T'OPOJICKOM CPEJILI HA IPUMEPE
I'OPOJA BAPHAYVJIA

0.B. Ommo, A.I'. Peovkun, /1.J]1. Ecumosa

Obecneuenue noLodCUmMenbHOU Cpeobl 0OUMAHUsL YeN08EKA SGNAEMC sl OOHOU U3
6ADICHETIUUX 3A0aY YNPABTIeHUs 20POOCKUM XO3SUCIEOM, peuleHie KOomopou mpeoy-
em coomeemcmeyowe2o HayuHo2o obecneuenus. Pesynomamer 0630pa HayuHwix ny-
oruKayuil 3apyOeACHbIX U OMeUecmEeHHbIX U30AHUT N0 BONPOCAM OYeHKU Ka4ecmed
(kKompopmuocmu) cpedvl 06umanus RO380I0M ONPEOESIUMsb OCHOBHbLE (PAKMOpb,
GIUAIOUUE HA KAYECIBO JHCUZHU 20pOOCcKo20 Hacenenus. K smum ¢pakmopam omno-
CAMCA KA4ecmeo ammoc@eprozo 6030yxd, uyMogoe 3azpA3Henue, 00POACHAS Cemb
u mpagux, xapaxmep 3acmpoiixu u énazoycmpoticmeo meppumopuu. Ha ocrnose
6bIOCNICHHBIX (PAKMOPOB YEbIO UCCIEO08AHUL AGTANACH PA3PAOOMKA KOMNIEKCHO20
n00X00a K 3KON02UYECKOU OYeHKe KOMPOPMHOCMU 20pOOCKOU cpedbl, KOMOpblil
Mooicem ObIMb NpUMEHeH HA NPAKmuKe npu NiIaHUPOSAHUY PA3GUIMUSL 20POOCKUX
meppumopuil. B kauecmee unouKamopog oyenKu UCNOIb308ANUCH CeOYIouie NOo-
Kazamenu: cpeoHe20006ds KOHYEHMPaYUs 636eUIEHHBIX 6elecms, YPOGeHb WYMA,
UHIMEHCUBHOCTE MPAHCNOPMHBIX NOMOKO8, NIOMHOCTG 3ACMPOUKY, 005 3ele-
HbIX HACadCOeHUll, nIouadb napkog u 30n omovixa. Hccneoosanus meppumopuu
eopooa Bapuayna, Anmaiickuil Kpaii, npogsedeHnbvle no paspadomanHol Memoou-
Ke, NO36ONUNU BbIAGUMDb HAUOOIEe IKON02UHECKU HeDIa20NOonyUHble 30HbL 20P00d
U nPeonodcUmMb NOOX00bl K PEULEHUIO CYUeCMBYIOWUX IKOLOUYECKUX NPOOTeM.
Haubonee ocmpvimu npobnemamu 20poocKoti cpedwvl A6IsI0MCs HEPAGHOMEPHOCND
o3enenenus meppumopull, 3a2pyAceHHoCMb agmMoMOOUTbHBIX 00PO2, HUZKULL YPO-
6eHb O1A20YCMPOUCMEa GCetl Mmeppumopul, 0cOOEHHO 30H 0movixa. Imu npoodiemvl
CYWeCmBEHHO CHUIICAIOM YPOBEHb IKOIO2UHECKOU KOMPOPMHOCU NPOAICUBAHUS
Hacenenus. /s ee ynyuulenus HeobXo0umo npeonpuHuUMAams peaibHole 0elicmeus
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10 COBEPULEHCIBOBANUIO 20POOCKOU UHPPACMPYKIYPbI, 8 Nepeyio ouepeds, no
onmuMu3ayuu MpaHCnopmHuIX NOMOKO8, PACUUPEHUIO U CO30AHUIO0 HOBBIX 30H
3€eNeHbIX HACAINCOEHUI.
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Introduction

The population concentration in a relatively small space of modern cities
leads to a growing conflict between the society and the environment: the qual-
ity of the environment is declining, and a social strain is growing. In recent
years, there has been a significant increase in publications devoted to the envi-
ronmental issues of urbanization, which are prominently manifested in North
America, Europe, and the Asia-Pacific Region [19]. The task of improving the
quality of life and ensuring an ecological comfort of the population is becom-
ing crucial for all big Russian cities, but this problem is especially acute in the
eastern part of the country. The peculiarities of Siberia and the Far East devel-
opment, associated with the development of mineral deposits and the policy of
creating and developing an industrial base, ignoring the meeting the population
needs, have led to the formation of peculiar features of urbanization. There is
an excessive, hypertrophied development of the administrative center against
the background of the degradation of the remaining settlements of the region.
Although, the intraurban environment is characterized by the following factors:
(1) location of industrial enterprises within the city limits; (2) absence of buffer
zones between production facilities and residential areas; (3) irrational transpor-
tation network when parts of the city isolated from each other are connected by
single highways; and (4) unfavorable ratio of residential and industrial zones
[3]. The problems that have developed in the process of territory urbanization
in the twentieth century are even more increased as a result of the modern, of-
ten chaotic development of the urban space without considering environmental
factors associated with a reduction in green spaces [20]. These things have led
to relatively low quality of the environment of the Siberian cities of Russia.
The problem relevance is also determined by the need to ensure human envi-
ronmental safety in the light of the current climate agenda [1]. A high level of
environmental safety creates an opportunity for the harmonious existence and
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development of a person in an urban environment as a biological and social
organism [5]. The scientific community even developed the idea of creating
eco-cities [11; 13; 14] and a portfolio of “green” technologies for urban plan-
ning is also forming [2; 17]. The most important criterion for the environment
quality is its comfort, which is a subjective perception and an objective state of
full health under given conditions of the urban environment surrounding a per-
son, including its natural and socio-economic indicators [9]. The environmental
comfort index of the urban environment can be measured and evaluated using
remote sensing technologies [15]. Monitoring of urban pollution is an indicator
of environmental engineering [3]. Although, by ecological comfort, we mean
the optimal combination of natural and anthropogenic environmental factors
for the life of the population of the given territory, which ensures comfortable
living conditions for each person, as well as the reproduction of labor, intellec-
tual, and human potential of the territory [7].

Materials and methods

This research aims to develop and test a methodology for assessing the ecolog-
ical comfort of the environment on the example of one of the Russian cities. The
research object was the administrative center of Altai Krai — the city of Barnaul.

Ecological comfort acts as a system with many direct and inverse inter-
relations, including infrastructure, economy, transport, and environmental
conditions. The factors affecting the degree of ecological comfort are hetero-
geneous and diverse, making it difficult to choose a methodology for their as-
sessment. Two big groups of factors — pollution and improvement of the urban
environment — were selected to assess the ecological comfort. The results of
studying these factors when assessing the comfort and environmental safety
of the urban environment are presented in the works of such researchers as
S. Yilmaz, E. Mutlu and H. Yilmaz [21], F. Gémez et al. [12], T.-Y. Ling and
Y.-C. Chiang [16]. The atmospheric air quality greatly influences the formation
of a comfortable environment in the settlement. In accordance with the World
Health Organization (WHO) recommendation, the indicator of this factor is the
content of finely dispersed suspended particles in the atmospheric air. This indica-
tor was estimated according to the data of the West Siberian Department for Hy-
drometeorology and Environmental Monitoring, which monitors the state of the
air environment and publishes data on the concentration of suspended particles.

Automobile transport is a source of atmospheric air pollution and light, heat,
and noise emission. That is why it is necessary to consider such an indicator as
the intensity of traffic flows near the places of residence and work of the popu-
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lation within the city. The determination of this indicator was conducted on the
largest roads in urban areas using visual observations.

Among the improvement factors, the main ones were selected for the re-
search: (1) area of green spaces; (2) urban saturation; and (3) presence of parks
and recreation sites. The assessment was performed based on cartographic ma-
terials using the tools of the ArcMap set of geospatial programs.

Thus, the assessment of the urban environment ecological comfort in the
Barnaul districts was performed based on the following indicators:

+ Content of suspended solids in the atmospheric air;

* Noise level;

* Intensity of traffic flows;

* Area of green spaces;

e Urban saturation;

* Area of parks and recreation areas.

Results

The city of Barnaul is a large industrial and administrative center of Russia
located in the Siberian Federal District. In terms of population, Barnaul be-
longs to the category of the largest cities in Russia, as more than 695 thousand
people live in it. The settlement annually consumes about 560 thousand tons of
natural resources, whereby the total volumes of generated emissions, effluents,
and waste exceed 450 thousand tons [6; 8]. There are five districts within the
territory of the city — Tsentralny, Leninsky, Zheleznodorozhny, Industrialny,
and Oktyabrsky, which widely vary in terms of area, population (Table 1), and
environmental comfort level.

Table 1.
Characteristics of the administrative districts of Barnaul
City district Territli)ry2 area, Population size, | Population denzsity,
m persons persons/km
Oktyabrskiy 69.4 99,416 1,432
Leninsky 125.6 144,077 1,147
Industrialny 129.9 186,301 1,434
Zheleznodorozhny 15.0 113,373 7,558
Tsentralny 145 107,466 741

About a third of the Barnaul population lives in the Industrialny District.
Population density is the most important ecological factor affecting envi-
ronmental quality. A high concentration of the population is observed in the
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Zheleznodorozhny District, where the population density exceeds 7.5 thousand
persons/km?. The lowest population density is registered in the Tsentralny Dis-
trict (741 persons/km?).

Cities are characterized by a high level of a natural environment transfor-
mation leading to a change in chemical indicators. The level of atmospheric air
pollution in the city of Barnaul has been assessed as high for many years. As a
result of the activity of large industrial enterprises in the heat-power engineer-
ing, mechanical engineering, petrochemical and food industries, more than 50
thousand tons of pollutants are discharged into the atmosphere of the city an-
nually. Automobile transport has become a serious pollution source in recent
years. The number of cars in the city increased to 264 thousand, and the volume
of emissions from mobile sources exceeded 46.5 thousand tons. As a result of
the ingress of such a quantity of emissions, the content of benzpyrene (benzo-
pyrene), suspended solids, nitrogen dioxide, formaldehyde, and carbonic oxide
in the air has long exceeded the permissible level. Exceeding the Maximum
Permissible Concentrations (MPC) regarding suspended solids (dust) during the
year is noted in all city districts, while the average annual concentration of the
ingredient is about 2 MPC. The maximum concentrations of suspended solids
in the air are observed in the Tsentralny and Oktyabrsky Districts, where the
permissible standards are 3—4 times exceeded due to soil dust in the summer [4].

The anthropogenic activity also changes the physical characteristics of the
environment, among which noise emission is of the greatest importance. The
conducted studies have revealed an increased noise level in the Tsentralny and
Industrialny Districts. In the vicinity of the main city highways, the equivalent
sound level can reach 78—82 dBA during the day and up to 70—100 m at width
on adjacent road shoulders, noise — 50-77 dBA [4].

The intensity of traffic flows is another important factor affecting the level
of living ecological comfort in an urban environment. A significant proportion
of multi-story residential buildings are located near large multi-lane highways.
The intensity of traffic flows affects the noise pollution level, atmospheric air
quality, and light pollution at nighttime. Large highways, running across thickly
settled microdistricts, do not meet modern transport infrastructure standards and
cannot provide reliable protection of the population living nearby from exhaust
gases and noise in most cases [ 10]. According to the data obtained, the intensity
of traffic flows in the Industrialny District considerably exceeds the indicators
of the other city districts being analyzed (Table 2).

The adverse influence of the polluted environment could be significantly
reduced by large areas occupied by woody vegetation. The existing provision
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of green spaces for general usage is sufficiently high and exceeds the town
planning rules per capita in Barnaul, but they are spread extremely nonuni-
formly. Tree and shrubbery plantings occupy large areas in the Tsentralny
District (Table 2), in which the share of green spaces in general usage ex-
ceeds 8% of the total area. The area of green spaces in the Zheleznodorozhny
District is extremely small. Here, this indicator is only 1.4%. This is due to
a high degree of anthropogenic transformation of the territory. The territory
is distinguished by a high degree of development (more than 46%) and the
concentration of the main transportation routes of the city, both highway and
main railway lines.

Table 2.
Environment ecological comfort indicators of the administrative districts
of the city of Barnaul
Environment pollution Site improvement
Traffic
ORI Atmospheric Aveyage flow Green | Develop- Recreation
City district . noise | . . space ment
pollution level intensity densi parks area,
level Zve (car/ aiea, er(1)s1ty, ha
(dB) hour) & &
Oktyabrsky High 61.6 1,737 | 7.95 22.3 41.7
Leninsky Elevated 68.8 2,748 2.51 11.3 63.8
Industrialny High 71.5 4,419 | 3.61 19.2 5
Zheleznodorozhny | Elevated 67.3 3,047 1.38 46.4 0
Tsentralny High 73.1 2,956 8.37 9.4 29

The conducted research allowed us to compile a generalized description of
the urban environment in the context of administrative districts, presented in
Table 2. The most comfortable living environment is noted in the Leninsky and
Oktyabrsky Districts of the city per totality of factors. This is due to the fact that
these areas are characterized by vast areas of green spaces, including parks and
natural vegetation, lower indicators of development density and the intensity
of traffic flows, and a lower number of stories. The impact of traffic and noise
pollution on the population is lower in these areas since a residential sector is
often located at a greater distance from the roadway than in other city areas.

The least comfortable area is the Zheleznodorozhny District. The area has
a very high development density combined with a small green area. There are
large highways with a high traffic capacity. This fact causes significant air pol-
lution from mobile sources, including noise pollution. There are a critically
small amount of green spaces here, and there are no forest and parkland zones.
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Discussion

Papers concerning a comprehensive assessment of the urban environment
ecological state of Barnaul were first fulfilled in the early 2000s. I.D. Rybkina
[8] notes in her paper that a critical ecological situation is observed in almost
all city districts. The main causes of environmental problems are the territorial
proximity of industrial zones to residential development quarters, the absence
of sanitary protection zones for enterprises, and the general lack of urban area
development. In the author’s opinion, the most favorable situation has devel-
oped in the Tsentralny District of Barnaul, which is associated with the high
ability of natural complexes to self-purification and an insignificant concentra-
tion of industry [8].

Our studies show that significant changes have taken place since then. On
the one hand, the economic downfall and the closure of a number of business-
es reduced the anthropogenic load on the environment, and on the other hand,
there was an increase in the number of cars and the intensity of traffic flows.
Moreover, the development of the territory accompanied by a reduction in green
spaces and an increase in the number of stories significantly changed the eco-
logical conditions in urban districts. The ecological situation has especially
worsened in the Zheleznodorozhny and Industrialny Districts.

Conclusion

Our developed methodology included the following steps. At the preparatory
stage, we reviewed and critically analyzed the methods used, identified the main
factors determining the comfort of the environment. Then, we obtained quantita-
tive and qualitative characteristics of the identified factors using cartographic and
instrumental methods, as well as data from management bodies of environmental
quality control. At the final stage, we conducted a qualitative assessment of ad-
ministrative districts by the degree of the urban environment comfort.

The insufficient level of scientific developments in the research of urbanized
territories has to be noted despite the progress achieved by now. At the same
time, the research results concerning the relationships between ecological and
socio-economic processes do not find an application in the practice of urban
planning and the design of ecosystem services to improve the living conditions
of all urban residents and increase the stability of cities [18].

Generally, the entire territory of the city of Barnaul is characterized by the
problems associated with non-uniformity of site landscaping, congestion of
highways, and an insufficient level of improvement of the entire territory and
especially recreation areas. These things significantly reduce the level of living
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ecological comfort in the city of Barnaul. In order to improve it, it is necessary
to take real actions to enhance the urban infrastructure, primarily to optimize
traffic flows, expand and create new zones of green spaces. The city especially
needs green public spaces.

The performed analysis has highlighted the tight spots of each urban area,
which must be considered while implementing municipal programs for the for-
mation of a modern urban environment.

References

1. Boyarov E.N., Abramova S.V., Gershinkova D.A. Bezopasnost’ cheloveka
v svete sovremennoy klimaticheskoy povestki dnya [Human security in the
light of the modern climate agenda). Sibirskiy zhurnal nauk o zhizni i sel skom
khozyaystve [Siberian Journal of Life Sciences and Agriculture], 2021, vol. 13,
no. 1, pp. 111-133. https://doi.org/10.12731/2658-6649-2021-13-1-111-133

2. Dorozhkina E.A., Rodionovskaya I.S. “Zelenaya arkhitektura” v aspekte ekol-
ogizatsii zdaniy v gorodskoy srede [“Green architecture” in aspect of ecol-
ogization of buildings in the urban environment]. Seriya konferentsiy IOP:
Materialovedeniye i inzheneriya [IOP Conference Series: Materials Science
and Engineering], 2019, vol. 687, ¢055070. https://iopscience.iop.org/article/1
0.1088/1757-899X/687/5/055070

3. Esyakova O.A., Voronin V.M., Stepen R.A. Assimilyatsionnyy apparat yeli si-
birskoy kak indikator zagryazneniya gorodskoy atmosfery [Assimiliation ap-
paratus of the siberian spruce as an indicator of urban atmosphere pollution].
Khvoynyye boreal 'noy zony [Coniferous Boreal Zone], 2008, vol. 25, no. 1-2,
pp- 109-113.

4. Gosudarstvennyy doklad Ministerstva prirodnykh resursov i ekologii Altaysko-
go kraya “O sostoyanii i okhrane okruzhayushchey sredy gorodskogo okruga:
g. Barnaul Altayskogo kraya v 2019 godu” [Ministry of Natural Resources and
Ecology of Altai Krai State Report “On the state and environmental protection of
the city district: The city of Barnaul in Altai Krai in 2019’], 2020. URL: https://
barnaul.org/upload/medialibrary/aa2/doklad-2019_2.pdf

5. Sokolskaya E.V., Kochurov B.I., Dolgov Yu.A., Lobkovsky V.A. Mnogofak-
tornaya model’ kak osnova upravleniya kachestvom okruzhayushchey sredy
gorodskikh territoriy [Multifactor model as a basis for managing the environ-
ment quality in urban areas). Teoreticheskaya i prikladnaya ekologiya [Theo-
retical and Applied Ecology], 2018, vol. 2, pp. 26-34.

6. Morozova G.Yu., Debelaya 1.D. Formirovaniye komfortnoy gorodskoy sredy
na primere Khabarovska [Formation of the comfortable city environment on the



Siberian Journal of Life Sciences and Agriculture, Tom 14, Ne2, Yacrp 2, 2022 291

10.

11.

12.

13.

14

example of Khabarovsk]. Izvestiya Samarskogo nauchnogo tsentra RAN [Pro-
ceedings of the Samara Scientific Center of the Russian Academy of Sciences],
2017, vol. 19, no. 2, pp. 144-150.

Revzin S.R. Sozdaniye ekologicheskogo komforta i sotsial’no-ekonomich-
eskoye razvitiye territorii [Creation of ecological comfort and socio-economic
development of the territory]. Vestnik Saratovskogo Gosudarstvennogo Sotsi-
alno-Ekonomicheskogo Universiteta [Bulletin of the Saratov State Socio-Eco-
nomic University], 2009, vol. 2, no. 26, pp. 76-79.

Rybkina I.D. Otsenka ekologicheskogo sostoyaniya administrativnykh rayon-
ov goroda Barnaula [Assessment of the ecological state of the administrative
districts of the city of Barnaul]. Polzunovskiy Vestnik [Polzunovsky Bulletin],
2006, vol. 2-1, pp. 235-241.

Tetior A.N. Gorodskaya ekologiya [Urban Ecology]. Moscow, Akademiya,
2007, 330 p.

Kharlamova N.F., Rotanova I.N., Ostanin O.V. Priroda Barnaula [Nature of
Barnaul]. Barnaul, Alfavit, 2018, 80 p. https://barnaul.org/upload/mediali-
brary/9ed/priroda-barnaula.pdf

Capece S., Chivaran C. Granitsy zelenoy arkhitektury [Frontiers of green ar-
chitecture]. Ustoychivoye sredizemnomorskoye stroitel’stvo [Sustainable
Mediterranean Construction], 2019, vol. 9, pp. 120-126. http://www.sustain-
ablemediterraneanconstruction.eu/SMC/The%20Magazine%20n.9 files/0919
Capece_Chivaran.pdf

Gomez F., Valcuende M., Matzarakis A., Cércel J. Dizayn prirodnykh elemen-
tov na otkrytykh prostranstvakh gorodov so sredizemnomorskim klimatom,
usloviya dlya komforta i gorodskoy ekologii. Al’ternativnyye stsenarii ekolog-
icheskoy urbanizatsii s ispol’zovaniyem modeli ENVI-met [Design of natural
elements in open spaces of cities with a Mediterranean climate, conditions for
comfort and urban ecology. Alternative scenarios for ecological urbanizations
using ENVI-met model]. Nauka ob okruzhayushchey srede i issledovaniye za-
gryazneniya [Environmental Science and Pollution Research], 2018, vol. 25,
pp. 26643-26652. https://doi.org/10.1007/s11356-018-2736-1

Huang Q., Meng X., Yang X., Jin L. Ekologicheskiy gorod: uchet vneshney
teplovoy sredy [The Ecological City: Considering Outdoor Thermal Environ-
ment]. Energiya [Energy Procedia], 2016, vol. 104, pp. 177-182. https://doi.
org/10.1016/j.egypro.2016.12.031

. Khalid Z., Radi Abaas Z. Teoreticheskaya struktura ekogorodov: Tematicheskiy

obzor [Theoretical structure of Eco-cities: Subject review]. Seriya konferentsiy
1OP: Nauki o Zemle i okruzhayushchey srede [IOP Conference Series: Earth and



292 Siberian Journal of Life Sciences and Agriculture, Vol. 14, Ne2, Part 2, 2022

15.

16.

17.

18.

19.

20.

Environmental Science], 2021, vol. 754, ¢012020. https://doi.org/10.1088/1755-
1315/754/1/012020

Li X., Zhang H., Yu J. Gong Y., Guan X., Li S. Prostranstvenno-vremennoy
analiz indeksa ekologicheskoy komfortnosti gorodov po dannym distantsion-
nogo zondirovaniya: na primere Khefeya, Kitay [Spatial-temporal analysis of
urban ecological comfort index derived from remote sensing data: A case study
of Hefei, China]. Zhurnal prikladnogo distantsionnogo zondirovaniya [Jour-
nal of Applied Remote Sensing], 2021, vol. 15, no. 4, e042403. https://doi.
org/10.1117/1.JRS.15.042403

Ling T.Y., Chiang Y.C. Podkhod k vertikal’nomu ozeleneniyu, napravlennyy
na povysheniye ustoychivosti, napravlennyy na obespecheniye blagopoluchiya,
zdorov’ya i soglasovannosti gorodov: rassmotreniye praktiki proyektirovaniya
[Well-being, health and urban coherence-advancing vertical greening approach
toward resilience: A design practice consideration]. Zhurnal chistogo proizvod-
stva [Journal of Cleaner Production], 2018, vol. 182, pp. 187-197. https://doi.
org/10.1016/j.jclepro.2017.12.207

Sergeevich D.A., Konstantinovna G.N, Artyom K., Kantemir K. Ispol’zovani-
ye «zelenykhy tekhnologiy v gradostroitel’nykh i arkhitekturnykh resheniyakh
[Use of “green” technologies in urban planning and architectural solutions].
Zhurnal kriticheskikh obzorov [Journal of Critical Reviews], 2017, vol. 2, pp.
1-5. https://nbpublish.com/library _read_article.php?id=22835

Tanner C.J., Adler F.R., Grimm N.B., Groffman P.M., Levin S.A. Munshi-South
J., Pataki D.E., Pavao-Zuckerman M., Wilson W. G. Gorodskaya ekologiya:
razvitiye nauki i obshchestva [Urban ecology: Advancing science and society].
Granitsy ekologii i okruzhayushchey sredy [Frontiers in Ecology and the En-
vironment], 2014, vol. 12, no. 10, pp. 574-581. https://nycevolution.org/pdf/
Tanner_etal.2014.urbanecology.pdf

Wang H., He Q., Liu X., Zhuang Ya., Hong S. Global’nyye issledovaniya urban-
izatsii s 1991 po 2009 god: sistematicheskiy obzor issledovaniy [Global urban-
ization research from 1991 to 2009: A systematic research review]. Landshaft
i gorodskoye planirovaniye [Landscape and Urban Planning], 2012, vol. 104,
pp- 299-309. https://doi.org/10.1016/j.landurbplan.2011.11.006

Yao C., Fricker P. Kak okhladit’ plotnuyu gorodskuyu sredu? Obsuzhdeniye
strategiy smyagcheniya posledstviy dlya gorodov na konkretnykh uchastkakh
[How to cool down dense urban environments? A discussion on site-specific
urban mitigating strategies]. Zhurnal tsifrovoy landshafinoy arkhitektury [Jour-
nal of Digital Landscape Architecture], 2021, vol. 6, pp. 101-111. https://doi.
org/10.14627/537705007



Siberian Journal of Life Sciences and Agriculture, Tom 14, Ne2, Yacrp 2, 2022 293

21.

10.

Yilmaz S., Mutlu E., Yilmaz H. Al’ternativnyye stsenarii ekologicheskoy urban-
izatsii s ispol’zovaniyem modeli ENVI-met [Alternative scenarios for ecologi-
cal urbanizations using ENVI-met model]. Nauka ob okruzhayushchey srede i
issledovaniye zagryazneniya [Environmental Science and Pollution Research],
2018, vol. 25, pp. 26307-26321. https://doi.org/10.1007/s11356-018-2590-1

Cnucok numepamypul
Bosipos E. H., Abpamosa C. B., I'epmunkoBa [I. A. be3omacHOCTh uenoBeka B
CBETE COBPEMEHHOI KinuMaruueckoil noBecTku // CUOMPCKUI KypHAI ecTe-
CTBEHHBIX HAyK M cesbckoro xoszsiictBa. 2021. T 13, Ne 1. C. 111-133. https://
doi.org/10.12731/2658-6649-2021-13-1-111-133
Hopoxkuna E. A., Ponuonosckas M.C. “3enenas apxuTekrypa” B acleKTe
9KOJIOTH3aLUH 31aHUH B ropoackoil cpene // Cepust kondepenuuii IOP: Ma-
tepuanoBeneHue u urxenepus. 2019. Ne 2. ¢055070. https://nbpublish.com/
library read_article.php?id=22835
Ecsxosa O. A., Boponun B. M. Crenens P.A. AccuMuissiinoHHbBIH anmapar eu
CUOMPCKON KaK MHIUKATOP 3arps3HEHUs] ropojckoi armMocdepsl / XBoiiHbIC
Bopeansnoii 3onb1. 2008. T. 25, Ne 1-2. C. 109-113.
MuHHCTEPCTBO MIPUPOIHBIX PECYPCOB U dKOJIOTHU Aunrtaiickoro kpas. ['ocynap-
CTBEHHBIN JT0KJIa] “O cocToSHIH M 00 OXpaHe OKPY KaroIIeH Cpeibl TOPOJICKO-
ro okpyra — ropoja bapuayn Anraiickoro kpas B 2019 ., 2020. URL: https:/
barnaul.org/upload/medialibrary/aa2/doklad-2019 2.pdf
MuorogakTopHasi MOZIE/Ib KaK OCHOBA JJIsl YIIPABIECHUs KaUECTBOM OKpY»Ka-
oniel cpensl ypoanusupoBaHHbIx TeppuropHii / Cokonbekas E. B., Kouypos
B. U., Honrog 0. A., JlookoBckuii B. A. // Teopetnueckas u [TpuknanHast Dko-
sorust. 2018. Ne 2. C. 26-34.
Mopozosa I'. 1O., [lebenas 1. /1. ®opmupoBanue KoMpOPTHOH rOPOJICKOI cpe-
JIbl Ha ipuMepe T. Xabaposcka // 3sectust Camapckoro HayuHoro 1ieHrpa Poc-
cuiickoii akanemun Hayk. 2017. T. 19, Ne 2. C. 144-150.
PeB3un C. P. Co3naHue 3konoruyeckoro KoMm¢popra 1 coluaabHO-3KOHOMHUUE-
cKoe passutue Teppuropuu // BectHnk CapaToBCKOro ToCynapCTBEHHOTO CO-
nuagbHO-3KoHOMHUYeckoro yauBepcureta. 2009. T. 2, Ne 26. C. 76-79.
Pri0kuna U. JI. OnieHka 3KOJIOrHYECKOTO COCTOSHUS aIMUHUCTPATUBHBIX paii-
oHoB ropona bapnayna // ITonzyHnoBckuii BectHuK. 2006. Ne 2-1. C. 235-241.
Tetnop A. H. I'opoxackast sxonorus. M.: Axagemus, 2007. 330 c.
XapnamoBa H. @., Poranosa U. H., Octanun O. B. Ilpupona bapnayna. b.:
Andasut, 2018. 80 c. https://barnaul.org/upload/medialibrary/9ed/priroda-
barnaula.pdf



294 Siberian Journal of Life Sciences and Agriculture, Vol. 14, Ne2, Part 2, 2022

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Capece S., Chivaran C. Frontiers of green architecture / Sustainable Mediterranean
Construction, 2019, vol. 9, pp. 120-126. http://www.sustainablemediterraneancon-
struction.eu/SMC/The%20Magazine%20n.9 files/0919_Capece Chivaran.pdf
Gomez F., Valcuende M., Matzarakis A., Carcel J. Design of natural elements
in open spaces of cities with a Mediterranean climate, conditions for comfort
and urban ecology. Alternative scenarios for ecological urbanizations using EN-
VI-met model // Environmental Science and Pollution Research, 2018, vol. 25,
pp. 26643-26652. https://doi.org/10.1007/s11356-018-2736-1

Huang Q., Meng X., Yang X., Jin L. The Ecological City: Considering Outdoor
Thermal Environment // Energy Procedia, 2016, vol. 104, pp. 177-182. https://
doi.org/10.1016/j.egypro.2016.12.031

Khalid Z., Radi Abaas Z. Theoretical structure of Eco-cities: Subject review
// IOP Conference Series: Earth and Environmental Science, 2021, vol. 754,
€012020. https://doi.org/10.1088/1755-1315/754/1/012020

Li X., Zhang H., Yu J., Gong Y., Guan X., Li S. Spatial-temporal analysis of
urban ecological comfort index derived from remote sensing data: A case study
of Hefei, China // Journal of Applied Remote Sensing, 2021, vol. 15, no. 4,
€042403. https://doi.org/10.1117/1.JRS.15.042403

Ling TY., Chiang YC. Well-being, health and urban coherence-advancing verti-
cal greening approach toward resilience: A design practice consideration // Jour-
nal of Cleaner Production, 2018, vol. 182, pp. 187-197. https://doi.org/10.1016/j.
jelepro.2017.12.207

Sergeevich D.A., Konstantinovna G.N, Artyom K., Kantemir K. Use of “green”
technologies in urban planning and architectural solutions // Journal of Critical
Reviews, 2020, vol. 7, no. 6, pp. 1-5. https://doi.org/10.31838/jcr.07.06.01
Tanner C.J., Adler F.R., Grimm N.B., Groffman PM., Levin S.A. Munshi-South
J., Pataki D.E., Pavao-Zuckerman M., Wilson W. G. Urban ecology: Advancing
science and society // Frontiers in Ecology and the Environment, 2014, vol. 12, no.
10, pp. 574-581. https://nycevolution.org/pdf/Tanner etal.2014.urbanecology.pdf
Wang H., He Q., Liu X., Zhuang Ya., Hong S. Global urbanization research from
1991 to 2009: A systematic research review // Landscape and Urban Planning,
2012, vol. 104, pp. 299-309. https://doi.org/10.1016/j.landurbplan.2011.11.006
Yao C., Fricker P. How to cool down dense urban environments? A discussion
on site-specific urban mitigating strategies // Journal of Digital Landscape Ar-
chitecture, 2021, vol. 6, pp. 101-111. https://doi.org/10.14627/537705007
Yilmaz S., Mutlu E., Yilmaz H. Alternative scenarios for ecological urbaniza-
tions using ENVI-met model // Environmental Science and Pollution Research,
2018, vol. 25, pp. 26307-26321. https://doi.org/10.1007/s11356-018-2590-1



Siberian Journal of Life Sciences and Agriculture, Tom 14, Ne2, Yacrp 2, 2022 295

DATA ABOUT THE AUTHORS
Olga V. Otto
Altai State University
61, Lenin Ave., Barnaul, 656049, Russian Federation
otto.olga@mail.ru
ORCID: https://orcid.org/0000-0002-9313-0693

Aleksander G. Redkin
Altai State University
61, Lenin Ave., Barnaul, 656049, Russian Federation
redkin.ag@yandex.ru
ORCID: https://orcid.org/0000-0003-0322-3085

Dinara D. Esimova
Toraighyrov University
64, Lomov Str., Pavilodar, 140008, Republic of Kazakhstan
dika-73@mail.ru
ORCID: https://orcid.org/0000-0003-3824-875X

JAHHBIE Ob ABTOPAX
Otro Onbra B.
Anmaiickuii I'ocyoapcmeennvlil Yuusepcumem
npocn. Jlenuna, 61, e. bapnayn, 656049, Poccuiickas @edepayus
otto.olga@mail.ru

Penbkun Anexcanap I.
Anmartickuii 'ocyoapcmeennuviii Yuueepcumem
npocn. Jlenuna, 61, 2. bapnayn, 656049, Poccutickas @edepayus
redkin.ag@yandex.ru

Ecumosa Innapa JI.
Topaiievipos ynusepcumem
yn. Jlomosa, 64, 2. [lagrooap, 140008, Pecnybnruxa Kazaxcman
dika-73@mail.ru

Hoctymmna 06.02.2022 Received 06.02.2022
ITocne peuensuposanus 22.02.2022 Revised 22.02.2022
IIpunsra 05.03.2022 Accepted 05.03.2022



