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Abstract. The article presents a model for the change in thermal pollution in large
cities, caused by the impact of solar radiation and traffic flow. Two main regimes are
considered: laminar and turbulent, which characterize different heat exchange
conditions in the urban atmosphere. Special attention is given to the analysis of air
pollution caused by changes in the thermal balance in the urban environment. Unlike
traditional sources of pollution, such as transportation and industry, heat exchange
processes occurring in road surface materials have a significant impact on thermal
pollution. The model is focused on studying heat and mass exchange processes
occurring in the layers of road structures, as well as heat dissipation from these
structures into the urban air environment. The key aspects of the study are heat
transfer by convection and thermal conductivity of the air medium, which play an
important role in the spread of thermal energy and, accordingly, in the formation of
thermal pollution. The proposed model allows for a deeper understanding of the
mechanisms that influence the temperature regime in cities and assessing their impact
on environmental quality. The article discusses both theoretical and practical aspects
of thermal processes in the urban atmosphere, opening opportunities for more effective
management of thermal pollution and minimizing its impact on the health of city
residents.
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FbIJIBIMI MAKAJIA

YJKEH KAJAJAPJIAFBI )KbUTYJBIK TEHJAECTIPY MOJEJI
"KOHE OHBIH IMAIJIA BOJY KO3JEPI

A.K. Hypaxosa* ® C.H. Kusn6aiit ®

'Ka3zak aBTOMOOMIE-kK07T HHCTUTYTHI, AnmaTtsl, 050061, Kazakcran

Anoamna. Maxkanada ipi Kananapoazel MHCbLIYILIK J1ACMAHYObIY 632epViH KYH
PAOUAYUACBIHBIY, acepi MeH KOJIK KO32ANbICbIHbIY JCEepIiHeH KalblNMAcKan MOoOelb
yevinvinizan. Ocvliauiwa, makaiaoa Oyn macele eKi pexcumoe Kapacmulpblidobl:
JNAMUHAPILIK  JtcoHe  mypOynenmmi. Ammocgepanviy nacmaunyvina OQAUIAHBLICHbL
HCHLIYNILIK — Oananc — e3z2epicmepin  manoayea — e2aceli-me2xceini  moKmanaovl.
Kananapoasvl nacmanyowiy ke30epi mek Kok Hemece OHEPKICIn KaHA emec, COHbIMEH
Kamap JHCON  AHCAOBLIHOAPBIHbIY —~ MAMEPUATOAPLIHAH  JCLLTY — aaMacy acepi  oe
aumapnvikmai  acep  emedi.  MooenvOiy  Heci3l  HCON  KYPbLILIMOAPBIHbIY
KabammapulHOa HCblly MeH MAcca aimacy npoyecmepin 3epmmeyze dHcoHe 01apoaH
ayaHuly KAlanelk opmaza xcvliy Oepyin sepmmeyze 6azveimmanzan. byn owcepoe
AYaHbIH JHCHLTY OMKiz2iumicin eckepe Omvlpbln, HCLTYObIH KOHBEKYUSIbIK aYblCbLMbl
KeHIHeH Kapacmulpuliaobl. ¥CbiMblIZaH MOOelb Kald ammoc@epacblHOagvl HCbLIy
anmacy mMexaHusmoepin mepeyipex mycinyae JHcaHe o1apobly KOPUIAEaH opmasa aCcepin
bazanayza MymKiHOIK Oepedi. Maxkanaoa xananelx ammocghepaoazvl — HCbly-
MEXHUKANLIK — npoyecmepoiy, — MeOPUsIbIK — HCoHe  NPAKMUKANILIK — acnekminepi
Kapacmuipblibli, JHCHLIVILIK 1ACMAHYObl 6ACKapy MeH OHblH Kald MYpP2blHOADLIHLIH
OEHCayIblablHA  2CepiH  azaumy OOUblHWA mMUiMOi wapaiaposl Jicyseze acblpy
MYMKIHOIKMepi ManKbliaHaobl.

Tyilin ce3nep: owcoLnyiblK mene-meHoiK, JHCbLIYObIY KOHBEKYUSIbIK MAPAIbIMbL,
JHCHLIYOMKIZZIUMIK,  JHCHLLY — Oepiny, JNAMUHAPIbIK KO32AbIC, MYypOYIeHMmIiK,
Kananwlk acghaiom Oemonoi.
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MOIEJb UBMEHEHUA TEIIJIOBOI'O BAJTIAHCA B KPYIIHBIX
I'OPOJAX U UCTOYHUKHU UX ITOABJTEHUA

A.K. Hypaxosa* ® | C.H. Kusn6aii: ©

Kazaxckuii aBTOMOOMIILHO-TOPOXKHBIM HHCTUTYT, AniMatel, 050061, Kazaxcran

AHHOTAuusA. B cmamve npeocmasiena Mooenb USMEHEHUs Meni08020
3a2psA3HeNUs 8 KPYNHBIX 20p00ax, 8bl36AHHO20 8030€UCMBUEM COIHEYHOU paouayuu u
08uUdICeHUeM MPAHCNOPMHO20 NOMoKa. Paccmampusaiomes 086a 0CHOBHBIX pexcuma:
JIAMUHAPHBIL U MYPOYIeHMHbIL, KOMOpble XapaKkmepusyiom paziuyHvle YCl08us
menioobmena 8 2opoockou ammocgepe. Ocoboe BHUMAHUE YOENeHO aHAIU3Y
3a2psA3HeHUss ammoceprHo2o 6030yxa, 00YCI08NIEeHHO20 UBMEHEHUAMU MeNn108020
bananca 6 2opoOockou cpede. B omauvue om mMpAOUYUOHHBIX UCMOYHUKOS
3a2psA3HenUs, MAKUx KaKk mpaHcnopm u npoMblULIeHHOCMb, CYUeCmeeHHoe 8IUsHUe
Ha menyiogoe 3azpsA3HeHue OKa3vl8aiom meniooOMeHHble NPOYecChl, NPOUCXooauue 8
mamepuanax OopodCHbIX Nokpvimuu. Modenv opuenmuposana Ha u3yueHue
MenioMaccoOOMEeHHbIX NPOYECcco8, NPOUCXOOAUUX 8 CLOAX OOPONCHLIX KOHCMPYKYULL,
a makodice Menioomoadu Om MUX KOHCMPYKYUUL 6 B030VUIHYI0 Cpedy 20pood.
Knrouesvimu acnekmamu uccnedoeanusn sA61110mcsa nepeHoc menia KoHeeKyueu u
Menionpo8OOHOCMb  8030YUIHOU Cpedbl, KOMopble USPam GaAdCHYI0 pOolb 8
PACNPOCMPAaHeHUuU Menaio8ol dHepeUuu U, COOMBENCMEEHHO, 6 QOpMUPOBAHUU
mennogoco 3azpazHenus. lIpeonoscennas mooens nossonsem 6oinee 21yO60KO NOHAMb
MEXAHU3Mbl, KOMOpble GIUAIOM HA MeMNEepaAmypPHblll PeXCUM 8 20poo0ax, U OYeHUms
UX 8nUAHUE HA KAuecmeo oKpycaroujell cpedvl. B cmamve paccmampusaromes kax
meopemuieckue, maxK U NPaAKMudecKue acnekmvl MmeniomexHudecKux npoyeccos
20POOCKOU ammocghepe, YUMo OMKPbLEAen 803MOAICHOCIU OJisl boee d¢hhexmusHozo
YNpasieHusi Menio8blM 3A2PA3SHEHUEM U MUHUMUSAYUU €20 B030eUCMBUsL Hd 300P08be
20POJHCaH.

KiroueBble cjioBa.. mennogol 0Oananc, KOHBEKYUOHHLIN NEPeHOC menid,
Menionpo8oOHOCMb, Menio0moaud, 1amMuHapHoe O8udiceHue, mypoOy1eHmHOCMb,
20po0cKoe acghanbmobemonnoe noKkpwvimiue.
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1 INTRODUCTION

The growth of urban areas has led to their noticeable effect on atmospheric phenomena. The
significant density of urban settlements and industrial facilities, as well as the increase in the area of
transport highways, led to the appearance of an extensive heat zone within the city.

In rural flat areas, the sun's rays are mainly reflected; in the city, roofs and walls of houses,
dark asphalt surfaces of roads and sidewalks absorb solar radiation to a much greater extent than the
soil and vegetation outside the city, and then emit it. The increase in air temperature in the city is also
due to heat loss by industrial enterprises and thermal power plants.

The increase in the thermal balance of cities is significantly influenced by the conditions of
movement of vehicles, the thermo physical properties of road surfaces and squares, as well as their
geographical location. Due to the low ventilation, the volume of the aerosol thermal dome over the
city increases, which is formed at an altitude of 200-300 m and prevents vertical ventilation. Such
phenomena are especially strong in the atmospheric environment of Almaty, Tekeli, Zaisan, Ust-
Kamenogorsk, etc., because they are surrounded on all sides by mountains, which contribute to a
sharp change in the microclimate of the air environment. For example, Table 1 shows that the
microclimate of city streets, measured in Almaty and Ust-Kamenogorsk, differs significantly from the
microclimate outside the city. The temperature difference between inside and outside the city in
summer is +5-7 ° C, and in winter - +3-5 ° C.

Table 1
Microclimate of the Almaty and Ust-Kamenogorsk road network [15]

Air temperature
Cities The intersection of streets Temperature difference
in summer, +°C in winter, -°C
1 2 3 4
Almaty Abay-Dostyk 42/+7 +4/+6
Abay-Furmanova 41/+6 +4/+6
in the region: Abay-Mate Zalka 41/+6 +3/+5
in summer= +35°C Raimbek—Furmanov 42/+7 +3/+5
in winter=-2°C Raimbek—Mate Zalka 40/+5 +3/+5
Tole bi—-Furmanova 41/+6 +3/+5
Tole bi—Saina 40/+5 +4/+6
Verp-KameHoropek Abay-Lenina 34/+4 -10/-6
Abay-Voroshilova 35/+5 -10/-6
in the region: Abay Bazhova 35/+5 -11/-5
in summer =+30°C Karbysheva—Vinogradova 34/+4 -12/-4
in winter =-16°C Lenin—Belinsky 34/+4 -12/-4
Lenin—Metallurgov 35/+5 -13/-3

The mechanism of heat transfer is caused by the movement of microstructural elements of the
body (from building materials) and depends on the physical properties of the medium.

In urban air, energy transfer is carried out due to chaotic molecular motion, diffusion of
molecules, the intensity of which is proportional to temperature (Sakhin, 2014). Due to the effect of
the air flow during the movement of transport, the kinetic energies in the gas (air) atoms increase,
which leads to a change in the thermal balance.

2 LITERATURE REVIEW
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The issue of changing the heat balance in large cities is relevant in the context of global climate
change and urbanization. Thermal pollution in cities is a complex process involving both natural and
anthropogenic factors. This review examines key studies on heat balance models in urbanized areas,
as well as various sources of heat pollution. (Matveev, 2001).

Models of heat balance in cities: classical and modern approaches

One of the first studies in the field of heat balance in cities is the work of Oke, who introduced
the concept of an «Urban Heat Island» (UHI). According to his model, the heat balance in cities is
disrupted by the concentration of building materials such as concrete and asphalt, which absorb solar
radiation and then release heat into the atmosphere. Oke describes how various components of urban
infrastructure (roads, buildings, green spaces) affect the microclimate in the city, creating a
temperature difference between the city and its suburbs. (Oke, 2002)

Sailor, D.J. and Amir Baniassadi developed a model of thermal balance. They complement it
with an analysis of the impact of climate change on the urban environment. Research shows how an
increase in temperature in the urban environment caused by anthropogenic activity enhances the
effect of global warming. The models developed by the researchers include not only traditional heat
sources (transport, industry), but also the influence of solar radiation and heat exchange processes in
road surface materials. (Sailor et al., 2019)

Transport and industry are traditionally considered sources of heat pollution in cities, but
recent studies have indicated the need to take into account other factors, such as heat transfer in
urban coating materials.

Brian Stone, Jason Vargo, and Dana Habeeb focused on the effect of covering streets and
buildings on the heat balance, showing that asphalt and concrete have a high absorption coefficient of
solar radiation and slowly release it as heat into the atmosphere, thereby creating elevated
temperatures in the city. (Stone et al., 2012) In this context, Lili Somantril and Shafira Himayah
proposed a new method for assessing thermal pollution, taking into account changes in the heat
capacity and thermal conductivity of various types of coatings. Research also shows that in cities
where black coatings are actively used, the effect of the "urban heat island" is particularly
pronounced. (Lili et al., 2024)

Modeling of thermal processes in an urban atmosphere

Phelan Patrick and Keil Kalush focused on heat transfer models, including convective heat
transfer and thermal conduction processes in the urban atmosphere. Their work has significantly
expanded the understanding of the impact of vertical air flows on the distribution of thermal energy
in cities, as well as how changes in traffic and energy supply affect the microclimate. Another
important point in the research is the influence of turbulent flows in cities, which significantly
increases the exchange of heat between different layers of the atmosphere. (Phelan et al., 2016)

Chuhui Shen,, Hao Ho, Yaoyao Zheng, Yuji Murayama, Ruci Wang, Tangao Hu conducted a
comprehensive simulation of the heat balance in large metropolitan areas, taking into account both
laminar and turbulent heat exchange modes. They showed that in larger cities with high density of
buildings and traffic flows, the intensity of turbulent heat exchange increases, which leads to a more
uniform temperature distribution, but at the same time increases the local phenomena of thermal
pollution. (Chuhui et al., 2022)

Innovations in heat balance models

With the development of computing technologies in recent decades, heat balance models have
become more complex and accurate. Qiao X, LiL, Di, Y L Gen, and A Y Hoy proposed new
approaches to modeling heat balance using satellite observation data and machine learning
algorithms. These models make it possible to more accurately predict temperature changes in cities,
taking into account all possible sources of heat pollution and their interaction with climatic
conditions. (Qiao et al. 2018)

Rosa Cafaro, Barbara Cardone, Valeria D'Ambrosio, Ferdinando Di Martino, Vittorio Miraglia
used methods of geographic information systems (GIS) to model thermal pollution at the level of
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individual city blocks. In their study, attention is paid not only to the materials of road surfaces, but
also to the nature of urban development, as well as interaction with natural ecosystems. (Rosa et al.,
2024)

Forecasting and minimizing the effects of thermal pollution

Amid the growing interest in issues of sustainable development and adaptation to climate
change, Shanshan Chen, Dagmar Haase, Salman Qureshi, Mohammad Karimi Firozjaei have
proposed new strategies to minimize thermal pollution. Among their proposals are the improvement
of thermal insulation of buildings, the introduction of "green roofs"”, the increase of green areas in
cities, as well as the use of innovative materials for covering road and sidewalk surfaces. (Scherer et
al., 2020)

Thus, studies of changes in the heat balance in large cities show that thermal pollution is a
complex and multifaceted process in which both traditional heat sources (transport, industry) and the
materials from which road surfaces and buildings are built are important. Modern heat balance
models include integrated approaches using satellite data, GIS, and machine learning methods, which
allows for more accurate consideration of all factors affecting the urban microclimate. The topic of
thermal pollution requires further research and the development of effective solutions to improve the
urban environment and resilience to climate change.

3 MATERIALS AND METHODS

The process of heat exchange in the air environment of large cities is closely related to the air
temperature, the total area of urban roads and squares, traffic flow, etc. In the air, the process of
substance transfer is carried out by moving microparticles of gas (for example, exhaust gases from
vehicle exhaust pipes) and dust from the road surface. This process, which often occurs at
intersections of the urban road network, is called convection heat transfer in gases. This process
differs from thermal conductivity in that the heat carriers here are the macroscopic elements
themselves, whose dimensions are many times greater than the free path of the gas (dust) in the air.
Heat transfer by convection is always accompanied by thermal conductivity of the medium. The heat
flow in the air is carried out in two modes: laminar and turbulent.

In the laminar regime, all particles of gas (or liquid) move parallel to each other, without
mixing along the normal direction of motion. Therefore, heat transfer in this direction is carried out
only due to thermal conductivity (A). Therefore, when calculating heat transfer processes, the Fourier
equation is used. (1-2 formula):

Q=/qdF =—[y(5)dF = =y (5)F, ()

_dQr Ay .
9= Gra. = y(&n) = —ygrad-t (2)

where Q — the amount of heat, W;
y — coefficient of thermal conductivity of the medium, W/(mK);
F — surface area, M°;
q — heat flow density, W/m?.
Formulas (1) and (2) determine the coefficient of thermal conductivity in pavement materials:

_ & _ @
" loraad T ()] o

n
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As the temperature increases, the heat flow in the urban environment increases. Among them,
helium and hydrogen stand out sharply, the thermal conductivity of which is 5-10 times greater due
to their low molecular weight and, consequently, a higher rate of molecular diffusion, which
contributes to a dramatic change in the microclimate of the city.

Building materials with a porous structure, such as bricks, concrete, curbstones, and others,
have low thermal conductivity coefficients (0.02-3.0 W/(mK)), which makes them good thermal
insulators. However, this indicator largely depends on the ratio of the mass of the skeleton of the
material and the air pores, and therefore on its bulk mass. When using such materials in cities, it is
important to take into account that as the temperature rises, their thermal insulation properties
deteriorate. In addition, the degree of moisture content of the material significantly affects the
thermal conductivity. With increasing moisture in the material, thermal conductivity increases, since
the coefficient of thermal conductivity of water is 25 times higher than that of air filling the pores of
the material. As a result, when the water in the material is moistened or frozen, its thermal
conductivity can increase by almost 100 times, which significantly changes the thermal balance in the
urban environment. (Kiyalbai et al, 2022)

A high degree of development and asphalting (up to 50% in some cities of Kazakhstan) leads
to an increase in water runoff, even with light rains. These hydrological changes are caused by
changes in the meteorological regime. During the periods between rains in cities, the amount of
moisture required for evaporation is lower than in rural areas, which leads to the accumulation of
thermal energy in the air, which is usually consumed by the evaporation process (600 calories per 1 g
of water).

In areas of heavy traffic, the air is saturated with dust and exhaust fumes. Although dust
reflects the sun's rays, it also makes it difficult to transfer heat to the atmosphere, contributing to the
accumulation of heat in the city. In addition, in cities, unlike the surrounding areas, there are changes
in the aerodynamic regime. This is partly due to the presence of tall buildings that change the vertical
profile of air flows, reducing wind speed near the ground, but at the same time accelerate the flow of
air along the streets, especially in the surface layer.

If we consider Ust—Kamenogorsk, the main industrial city of Kazakhstan, with a total area of
over 203 km? as an example, then industry and warehouse areas occupy about 27 km? (about
13.3%) on its territory. The length of the city's backbone network is 116.6 km within the city limits.
The density of streets and roads is 1.84 km per 1 km? of the area. The planning structure of the road
network is a mixed type of rectangular and radial layout. The main industrial pollutants of the city's
air are TMK, CCS, condenser plant, motor transport enterprises, boiler houses of thermal power
plants, etc. They emit about 200 thousand tons of emissions per year into the city's air environment,
which is a source of energy pollution of the urban environment. As a result, an artificial stratospheric
layer is created over the city, which in turn leads to a significant change in the thermal balance.

The Russian physicist G. Richman was the first to comprehensively analyze the cooling
processes of heated objects (for example, cooling road surfaces in the air) and demonstrated that
they depend not only on the temperature difference, but also on the surface area and volume of the
object. It has been proven that in the process of heat exchange, the amount of heat transferred from
or to an object is directly related to the surface area of the body F, the temperature difference
between the body and the environment, the characteristics of its movement, as well as the shape of
the object and its geometric parameters. (Lazarev, 2005)

For elementary area and elementary time, the process is described by the equation (formula 4):
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dQ; = a(t, — t,)dFdrx, 4)

where (t,—t.;) — temperature pressure;
o — heat transfer coefficient, W/(m?-K).
For a stationary heat exchange process at the UDS of cities at a constant ambient temperature
and surface area, the heat flow is equal to:

Q =a(t; — t)F, (5)
and the density of the heat flow:
Q
q=5 = alty — t). (6)

From equations (5) and (6) we have:

_ q
C= et )

The heat transfer coefficient determines the degree of intensity of heat transfer between the
surface of the body and the environment, taking into account the specific conditions in which this
process occurs. Since a depends on the velocity of motion of the medium o, the shape of the surface
of the body F, its linear dimensions, and the temperature pressure (t,—t.;), ambient temperatures t,
and etc. The most significant influence on a is exerted by the thermo physical properties of materials
used in the construction of urban roads, territories, buildings and structures: thermal conductivity
coefficient A, specific heat capacity C, density p, dynamic viscosity u and coefficient of volumetric
expansion B. (Kiyalbaev et al., 2004)

Currently, entrepreneurs are carrying out various construction works in order to open retail
outlets and other services. For the construction of such structures within the city, they acquire
various building materials with different thermophysical properties, for example, for:

reinforced concrete — A=1,5 W/(m-K)., C=0,84 kJ/(kg-K), p=2,2 t/m?;

asphalt concrete —A=0,64-0,72 W/(m-K), C=1,7 kJ/(kg-K), p=1,2-1,4 t/m®;

gypsum concrete — A=0,37-0,56 W/(m-K), C=0,80 kJ/(kg-K), p=1,0-1,3 t/m?;

loamy soil — A=1,49 W/(m-K), C=1,15 kJ/(kg-K), p=1,96 t/m®;

silicate bricks — A=0,81 W/(m-K), C=0,84 kJ/(kg-K), p=1,9 t/m?;

quartz sand — A=0,44-0,81 W/(m-K), C=0,75-0,92 kJ/(kg-K), p=1,32-1,52 t/m?,

coarse-grained river sand — A=0,28-0,51 W/(m-K), C=0,80-1,02 kJ/(kg-K), p=1,46-1,50 t/m?,

cinder block — A=0,67 W/(m-K), C=0,75 kJ/(kg-K), p=1,5 t/m?,

rubble stone — A=1,28 W/(m-K), C=0,88 kJ/(xr-K), p=2,0 t/m® and etc.

However, they do not pay the necessary attention to how heat exchange processes occur in
these materials and how they affect the disturbance of the thermal balance in the habitat.
(Pshembayev et al., 2023)

In large non-industrial cities (this is especially true in Almaty), the level of heat balance
changes significantly depends on the intensity, composition, density and traffic conditions of traffic
flows.;

geometric parameters, type of road surfaces, territories of squares, their landscaping and street
layout; the quality of the contents and the level of their cleaning;
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locations along the transport network of various kinds of industrial, commercial and service
points.

4 RESULTS AND DISCUSSION

The results of the theoretical calculation of the thermal effects on changes in the microclimate
of the roadside environment will be presented at the next stage of these studies (in 2022), and the
methodology for assessing changes in the microclimate of the roadside environment from exposure
to thermal (solar) energy is included in the sections.

To measure the temperature in the layers of the pavement, diodes were placed at different
depths of the pavement. Measurements were carried out every hour, therefore, with the help of a
rheostat, it was necessary to maintain a constant current. Based on the measurement results obtained,
a calibration curve (graph of the dependence of voltage variation on temperature) was constructed,
which was used in field experiments to determine the temperature of the road surface at different
depths and the air temperature above the road surface at different heights using a semiconductor
diode. The calibration curve is shown in Figure 1.

—1=0,1IMA

200,0 +

150,0 A

100,0 A

50,0 A

. . . i t(°C)
0 10 20 30 40 50 60 70 80 90 100

0,0

Figure 1. Is a graph of the dependence of the voltage at the ends of the diode on the
temperature at a current of 0.1, 0.2 and 0.3 MPa (author's materials).

As can be seen from Figure 2, when a 0.1 mA current flows through a semiconductor diode, it
can only be used in the temperature range from 0 to 40 ° C, at a current of 0.2 mA —up to 60 ° C and
at a current of 0.3 mA — up to 100 °C. Therefore, when conducting field experiments to determine the
temperature in the layers of pavement, it was necessary that a constant current of 0.3 mA pass
through the diode.

Based on the overall measurement results, a graph of changes in pavement temperature
depending on air temperature is constructed (Figure 1) and a map of heating of road surfaces in the
hot season by regions of Kazakhstan (Figure 2).
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The graph shows that as the air temperature increases, the coating temperature increases in
direct proportion. This is especially noticeable in the coating body (curve 1). At the same time, the
temperature difference ranges from 3.5 ° C (at an air temperature of +20 ° C) to 22 ° C (at an air
temperature of +53 ° C). There is also a significant increase in the temperature difference on the
coating surface (curve 2): from 2 °C to 10.2 °C in the same temperature range.

The heating temperature of the coatings also has a significant effect on the human condition.
At an altitude corresponding to the breathing level of the passenger car and truck driver above the
pavement, i.e. at an altitude of 1.0 m (curve 3) and 1.5 m (curve 4), the temperature difference is 0.9
and 1.2 °C at an air temperature of +20 °C and 2.3 and 4.1 °C at an air temperature of +53 ° C.
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Figure 2 — Temperature change on asphalt concrete pavements depending on the air temperature: 1 —at a
depth of 4-5 cm in the coating body; 2 — on the surface of the coating;
3 —at a height of 1.0 m above the coating; 4 — at a height of 1.5 m above the coating (author's materials).

5 CONCLUSIONS

During the construction of areas and territories, limit the occupied areas covered with materials
with a high degree of porosity, such as asphalt concrete, cement concrete, etc.

On sidewalks laid in squares, parks, etc. in cultural and recreational areas, coatings can be laid
from fine homogeneous crushed stone, no higher than 3-5 mm in size, or from stone seeding. The heat
transfer of such materials is low due to the non-monolithic nature of the product.

It is impractical to locate retail and service outlets in the area of congested intersections. As a
result, the mode of movement of vehicles becomes more complicated and the turbulence of the air
flow increases dramatically.

During very warm periods of the year, when maintaining roads and streets, the technological
operation should not include washing the carriageway and sidewalks with ordinary water. In such
cases, it is advisable to spray air 2-3 times during the day on the green areas of the adjacent road area.
As a result of such technological operations, the movement of atoms in the gas composition is sharply
reduced and heat transfer to the city's air environment is significantly reduced.
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