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IMPURITY TRANSFER MODEL OF TRANSPORT ORIGIN IN THE STRUCTURE
OF THE STREETS-CANYONS OF THE CENTRAL PART OF KHARKOV

Solodov V. G.
Kharkov National Automobile and Highway University

Abstract. The work is devoted to the development of a model and the study of the characteristics of the
process of transporting pollutants in the surface layer of the quarters of the central part of the city in
the presence of plantings and terrain. The micro-district of the central part of the city of Kharkov is
considered as the basis of the model. On this basis, the LAWEP approach was applied [17], which
consists in preliminary calculation of advection for the general center model on a relatively coarse
grid. A linear source is provided along the centerline of the streets, emitting a constant in time con-
sumption of impurities. Methodology. The motion of the air is described by the Navier-Stokes equa-
tions averaged by Reynolds. To model turbulent transport effects, the High-Reynolds two-parameter
differential turbulence model with wall functions was used as the base one. Modeling of space canopy
with leaves and tree branches is carried out on the basis of a porous medium model. The study was
carried out using the authors MTFS® software package, with TVD scheme of 2/3 order of accuracy.
The Results. Satisfactory agreement with experimental data was obtained. A thermal island phenome-
non has been detected. The influence of the structure of canyon streets on the distribution of impurities

from vehicles is shown.
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Introduction

Most of the literature presents examples of
modeling the propagation of traces from point
sources of contamination on arrays of regular
structure [1-19], but the scattering characteris-
tics of a point source in a real urban develop-
ment may differ significantly from those in
regular series of model buildings. In addition,
the problem of numerical simulation of various
scenarios of pollution of city quarters in order to
identify hidden dependencies, trends in the dis-
persion of impurities in the surface layer, the
forecast of some basic parameters of the state of
the environment is urgent. Therefore, it is of
particular interest to confirm the results of mod-
el studies for the case of real city districts con-
taining canyon streets. In this paper, based on
the Reynolds-averaged non-stationary Navier-
Stokes equations, we study the model of a real
city district.

The work is devoted to modeling the spread
of atmospheric pollution in the surface layer of
the central part of the city of Kharkiv (City Cen-
ter). The center (Fig. 2, 3) is a sub-model of the
general model of the central part of Kharkiv
(Fig. 1). Its construction was based on the city
map (https://2gis.ua/kharkov) and the plan of the
city surfaces, and covers the space of
5000 x 5000 x 300 m’. The overall model of the
central part contained several thousand multi-
storey buildings. The central part is located on a
hill and is separated from other parts of the city

by a system of rivers from the west, south and
east. The terrain of the entire central part of the
city has a height difference of about 90 meters.
In the south and southwestern parts of the river
is a valley, the northwestern part is limited by a
large ravine, which passes into the forest, in the
northeast there are an airfield and a forest park
(Fig. 1). The mesh model of the central part
contains about 4e+07 cells and takes into ac-
count the description of the boundary layer on
the ground surface.

Below, based on the non-stationary Navier-
Stokes equations, the impurity transfers equa-
tions, in the approximation of a weakly com-
pressible medium, the propagation in the surface
layer of the atmosphere of a trace of a linear
impurity source on the example of stationary
carbon monoxide (CO) emission along the axial
line is investigated. A two-parameter differential
turbulence model with wall functions is used to
model the turbulent transfer effects. The con-
stants and a detailed description of the model
can be found in [19-21]. The influence of vege-
tation in the square (Fig. 3, Ne 1) is taken into
account by the source terms in the right-hand
sides of the momentum equations in the form of
a linear dependence F,=—C,u,. According to
experimental data [14], C,=1 is selected for

dense summer leaves. According to the recom-
mendation [14, 18, 19] in the equation of trans-
fer of kinetic energy of turbulence a source type
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member was introduced F, =u,F,, into the

transfer equation ¢ — source member type
F,=C, ¢/kF,. The model interprets the influ-

ence of vegetation as a homogeneous isotropic

non-inertial volume, with additional terms in the
model equations increasing turbulence produc-
tion.

Fig. 1. Model of the central part of Kharkiv with the topography and a submodel

Modeling problem statement

The study was carried out experimentally by
measurements on the ground, as well as by
modeling using the author's MTFS® software
[15] by the method of setting from the braked
state to the developed constant in the middle
flow. The flow outside the computational do-
main of the entire model is assumed completely
turbulent. The second stage of the calculation is
based on the LAWEPS approach [17], in which
the boundary conditions for the sub-model are
taken from the calculation of the whole model of
the central part of the city. The calculation of the
submodel goes on in a non-stationary formula-
tion.

Along the centerline of the main streets
(Ne 2-6), a linear source was assumed to provide
a constant flow of impurity in time and along the
road at an altitude of about 0,5 meters with a
temperature equal to the flow temperature of the
incoming stream. Based on the analysis of the
traffic flow and the experimental dependences
obtained in the experiments [23], a constant time
flow rate of CO in the form of a mass fraction
per linear meter of the centerline of 5e-06 was
determined, which corresponded to the experi-
mental data. Streets Ne 3,4, 4,6 are central,

characterized by heavy traffic. The properties of
air and CO are taken from [22].

An experimental setup. To formulate the
simulation problem, experimental measurements
of CO and atmospheric parameters at the sub-
model points were performed. The state of the
atmosphere was estimated during the summer
day of the year. A series of experimental meas-
urements of the mass fraction of CO in the day-
light summer hot time, 14-00, was made in the
beginning of August 2018 with bright sun and
dominating southwest wind (Fig. 4) at a speed of
about 2 m/s and in the presence of dense leaves
in the square. The air temperature was about
33°C with the heat flux from solar radiation of
500 W/m® selected from the literature [18,
p. 340]. The walls of the buildings were consid-
ered adiabatic.

Measurement points were selected at street
crossroads (points 2a, 3a, 4a, Sa, 6, Fig. 3). Ex-
perimental measurements of CO concentration
were performed at a height of 1,5 m. The meas-
urements were performed with two experiments
at each selected point with a time interval of
30 min between every series. The measurement
data are presented in table 1.



Bicuuk XHALLY, Bun. 89, 2020

Fig. 2. Aerial photography of a fragment of the
building area
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Fig. 3. Scheme of streets measuring the mass fraction
of CO and temperature in the fragment of the de-
velopment area; Ne 1-a square with thick leaves; Ne
2—6- streets; points 2—6, 2a—5a, 2b—5Sb-crossroads

Table 1 — Aggregated measurement and calculation results for sites Ne 2—6

Area, Experiment No 1, | Experiment Ne | Air tempera- Local wind Calculation of
measuring mass fraction 2, mass fraction ture, K. velocity, m/s, mass fraction

point CO CO direction of CO

Ne 2a 9.0e-6 8.0e-6 306 0.20 (I1) 1.1e-05

Ne 3a 2.0e-6 3.5¢-6 305 0.50 (I1) 1.4e-06

Ne 4a 5.0e-7 2.5e-6 303 0.20 (I1) 2.5e-06

Ne 5a 1.1e-6 1.9¢-6 303 0.40 (17) 1.7¢-06

Ne 6 9.5¢-7 1.0e-6 303 0.50(I1-3) 1.1e-07

Vehicle exhaust emissions were evaluated
individually for each segment of the road on the
basis of experimental data as well as traffic in-
tensity data. Namely, the distribution of CO
along the streets was as follows. Each street
Ne 2-6 is divided into sections 2—6, 2a—5a, 2b—
5b. At each site, an individual cost was set based
on experiment data for the southwest wind. The
data from the experiments were concentrated.
Distribution along the streets was determined by
constant law.

All rates were considered constant; wind di-
rection and velocity over the measurement time
interval were also considered constant. Next, a
non-stationary calculation of the wind flow at
constant boundary conditions was performed.

On the obtained from the experiments of the
distribution of CO were also considered compu-
tational modeling of the blowing of the terrain
and buildings with a southwestern wind (Fig. 4,
5). These data were compared with those for
northeast wind (Fig. 6, 7); northwest wind
(Fig. 8, 9); southeast wind (Fig. 10, 11).

Discussion the results of the study

Fig. 4-11 show the distribution of the mass
fraction of CO at a height of 2m from the sur-
face of the earth, and the roofs of buildings (at a
distance of 0,2 m), as components of automobile
exhaust at the mean square averaging over a
period of 0,5 hours of daytime.

These figures also show the distribution of
air temperature near the surface of buildings
(0,2 m) and near the ground, as well as the road
surface at elevated atmospheric temperature.
Temperature fields, velocity fields, and CO par-
ticle distribution fields are non-stationary, so the
distribution patterns are obtained by averaging
over the integration period at the mean square
averaging over a period of 0,5 hours of daytime.

Calculations of heat transfer and impurity
were performed for different wind directions at
constant velocity magnitude. The spot of high
temperature over the fragment of construction,
which covers the considered urban development,
and corresponds to the presence of a «heat is-
land» at a temperature difference of about 2—
4°C, draws attention.
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Fig. 4. Distribution of air temperature near the surface of buildings and soil at root mean square aver-
aging over a period of 0,5 hours of daytime at elevated T of air (southwestern wind)

Fig. 5. Distribution of the mass fraction of CO near the surface of buildings and soil at root mean square
averaging over a period of 0,5 hours of daytime at elevated T air (southwestern wind)
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Fig. 6. Distribution of air temperature near the surface of buildings and soil at root mean square aver-
aging over a period of 0,5 hours of daytime at elevated air temperature (northeast wind)
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Fig. 7. Distribution of mass fraction of CO near the surface of buildings and soil at root mean square
averaging over a period of 0,5 hours of daytime at elevated T of air (northeast wind)
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Fig. 8. Distribution of air temperature near the surface of buildings and soil at root mean square
averaging over 0,5 hours of daytime with elevated T of air (northwest wind)
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Fig. 9. Distribution of mass fraction of CO near the surface of buildings and soil at root mean square
averaging over a period of 0,5 hours of daytime with high T of air (northwest wind)
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Fig. 10. Distribution of air temperature near the surface of buildings and soil at root mean square
averaging over a period of 0,5 hours of daytime at elevated T air (south-east wind)
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Fig. 11. Distribution of mass fraction of CO near the surface of buildings and soil at root mean square
averaging over a period of 0,5 hours of daytime at elevated T of air (south-east wind)
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The main mass transfer in the considered ar-
eas is due to advection, so the closed space of
urban development in some places is character-
ized by a relatively low concentration of CO.
Temperature distributions are also generally
provided by advection, so the temperature of the
windward walls of buildings is lower than the
leeward ones.

The surface of the roofs is exposed to the
heat flux of solar radiation, so the temperature of
the roofs is slightly increased.

Figures 13—17 show graphs of the distribu-
tion of mass fraction of CO, temperature and
wind speed near the surface of the soil at a mean
square averaging over a period of 0,5 h of day-
time at elevated air temperature (southwestern
wind) along the center line of streets Ne 2-5.
The red frame highlights a wide gap in the hous-
es between streets Ne 3-5, which houses a
square with tall trees. The height of the trees in
the garden reaches the height of the houses.

Almost all streets of the selected fragment of
the central part of the city belong to the type of
canyon streets with a characteristic parameter
K=H/W, where H is the height of the houses,
W- the width of the street, which for the central
streets Ne 2—6 is 0,8... 1,0. Fig. 12, 20, 21 show
the current lines in the wind velocity fields for

the southwestern wind case. It is possible to see
screw forms of current lines along streets Ne 2—
5, despite the bevel angle of about 45 degrees of
the velocity vector with respect to the directions
of the centerlines of streets No 2—5. This flow
pattern somewhat helps to cool down the walls
of buildings and even out the concentration of
impurities in the city center.

The calculations compared the effect of the
presence of green space on the example of a
square in the central part of the fragment. Com-
parisons of flow structure and transport in the
presence or absence of trees in the square is
shown in Fig. 17-22. Narrow, one-way, low-
intensity streets pass between the square and the
houses. That is, the space between the square
and the houses can be considered as a canyon
with parameter K=1,5. Based on the analysis of
the transfer through the square, it can be stated
that in the southwestern wind most of the air in
the presence of trees passes along narrow streets
(Fig. 19-21).

It should be noted that there is a sharp non-
uniformity in the transverse distribution of the
mass fraction of CO for streets that flow at an
angle between the centerline and the wind. This
is the effect of the canyon streets, which can be
seen in Fig. 5-11.

Fig. 12. Structure of the flow (canyon effect) and the current line in the projection on the plane in the
color gamut of the speed of the CO component (0-2 m/s) at the root mean square averaging over a
period of 0,5 hours of daytime at elevated T air (southwest wind); a) — the central part; b) — frag-

ment



Bicuuk XHALQY, Bun. 89, 2020

R .
beS |
2otz
: Upper |
]  Sslelapy JFE SRR
part  Speeed [
_ lengih,m |
Ay ——
o 4 6 10

Fig. 13. Distribution of mass fraction of CO and temperature near the surface of the soil at root mean
square averaging over a period of 0,5 h of daytime at elevated air temperature (southwest wind)
along the centerline of street Ne 3; The wide gap in the layout of the houses where there is a
square with tall trees is highlighted in red
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Fig. 14. Air velocity distribution near the surface of the soil at root mean square averaging over a
period of 0,5 hours of daytime at elevated air temperature (southwestern wind) along the center
line a) — for street Ne 3; b) — for street Ne 4
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Fig. 15. Distribution of mass fraction of CO and temperature near the surface of the soil at root mean
square averaging over a period of 0,5 h of daytime at elevated air temperature (southwestern
wind) along the centerline of street Ne 4
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Fig. 16. Distribution of mass fraction of CO and temperature near the soil surface at root mean square
averaging over a period of 0,5 hours of daytime at elevated air temperature (southwestern wind)
along the centerline of street Ne 5
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Fig. 17. Air velocity distribution near the surface of the soil at root mean square averaging over a
period of 0,5 hours of daytime at elevated air temperature (southwestern wind) along the center
line of street Ne 5; a) in the absence of trees in the square; b) in the presence of trees
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Fig. 18. Distribution of mass fraction of CO (a) and temperature (b) of air near the surface of the soil
at a root mean square averaging over a period of 0?5 h of daytime at elevated air temperature
(southwestern wind) along the centerline of street Ne 5 in the absence of trees in the square
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Fig. 19. Comparison of time-averaged fields of wind speed in the absence of trees in the square (a), in
the presence of trees (b); wind is measured in the range 0—2 m/s; the walls and roofs of buildings
reflect the mass fraction of CO in the range 1e-5 — 1e-10; height of measuring points -2 m

Fig. 20. Current lines of wind speed fields in the absence of trees in the square
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Fig. 21. Current lines of wind speed fields in the presence of trees in the square
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Fig. 22. Averaged values of air velocity at the crossroads a2—a5 near the soil surface at elevated air
temperature depending on the wind direction
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Fig. 23. Averaged values of the mass fraction of CO at the crossroads a2—a5 near the soil surface at
elevated air temperature, depending on the wind direction
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Fig. 24. Averaged values of air temperature at the crossroads a2—a5 near the soil surface at elevated

air temperature depending on wind direction

The absence of trees changes the structure of
the stream, the distribution of the concentration
of CO and the temperature in the northern part
of streets Ne 4, 5, 6. This can also be seen from
the comparison of the air velocity distribution
graphs near the soil surface along the centerline
of street Ne 5 (Fig. 17-21).

Fig. 22-24 show the averaged values of the
air parameters at the crosses Ne 2a—5a near the
surface of the soil at elevated air temperature,
depending on the wind direction. The selected
intersections are internal to this fragment of the
central part of the city, and therefore the effect
of the boundary conditions on them is somewhat
reduced. Also noteworthy is the similarity of the
behavior of the parameters — CO, flow velocity
and, to a lesser extent, temperature, regardless of

the direction of wind load. This indicates the
dominant influence of city development on the
dispersion of the impurity over the wind direc-
tion. It should be noted that the calculated con-
centration of CO correlates with the data ob-
tained in [23].

Conclusions

The numerical model of building of the cen-
tral part of the city of Kharkov in the near-Earth
layer of the atmosphere is considered, taking
into account the variable terrain of the adjacent
terrain, taking into account the transfer of impu-
rities in the conditions of a lateral wind plot and
plantations of different density. On the example
of this development, the existence of the effect
of «heat island» is registered.
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The presence of plantations in the square has
a local influence on the spread of CO. Along the
street Ne 3, the concentration of CO and the
temperature are almost the same; the air velocity
is slightly increased in the case of the absence of
trees in the garden, within 10 %. This is more
pronounced at the bottom of the street.

The example of blowing up a residential dis-
trict of a center shows the predominant influence
of city development on the impurity dispersion
compared to the effect of wind direction.

The results obtained indicate that a decrease
in velocity in the porous green space and further
weakening of the dispersion within the canyon
can potentially have an undesirable effect on air
quality.
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Monesib mepeHeceHHsI AOMIIIKA TPAHCIIOPTHOTO
MOXOIKEHHSI B CTPYKTYPi BYJIHMIb-KaHbIiOHIB
IEHTPAJBHOI YACTHHHA M. XapKoBa

Anomauin. Poboma npucesiuena pospoOieHHio Mo-
Oesti ma 00CHONCeHHI0 0CcObIUBOCMEll npoyecy nepe-
HeceHHsl 3a0pYOHIOBANLHUX PEeHOBUH Y NPUIEMHOMY
wapi Keapmanie YeHmpaibHoi yacmuHu micma 3a
HAs6HOCMI HACAOJICeHb | penvedhy MIicyesoCmi.
Ak ocnoea  modeni  po3ensioaemvcs  MiKpOpatoH
yenmpanvhoi yacmunu M. Xaproea. Lleti mixpopation
€ niomMooenno 3a2anbHOi MOOenl YeHmpy Mmicma,
obMmedxceno2o spom, pixkow i niconapkom. Ha yiu
ocHoei 3acmocosanutl nioxio LAWEP [17], wo nons-
2a€ 8 NONepPeOHbOMy PO3PAXYHKY a0seKyil 0l 3aea-
JIbHOI MOOeni yeHmpy Ha GIOHOCHO 2pyoill cimyi,
NOMiM NepeHecenHs OAHMUX sK ZSPAHUYHUX VMO8 |
NOYAMKOB020 HAONUNCEHHSI HA PO32TAHYMIL NIOMO-
deni. Y300601c 0cb060i NIHIT 8yIUYL NEepeddauacmvcsi
JUHIUHe Oxcepenio, Wo 6UOLISIE NOCMIUHY 6 Yaci 6u-
mpamy OomiwKy. JJomiuKka nepenocumscs 6 npuse-
MHOMY Wapi 8yauyb 6 ymosax OiuHOI 6imposol enio-
PpU, 3MIHHO20 penvedy Micyeocmi ma HACAONCEHb )
suensioi cxeepy. Modenb ocHoeana Ha CimKoBOMY
onuci mpusumiproi oinsnku. Pyx nosimpsinoeo cepe-
dosuwa onucyemvcs pisHanuamu Hae'e-Cmoxca,
yeepeonenumu 3a Petinonvocom. Cyyinene cepedo-
suule NPULMAEmMbCs C1abKo CMuciueum, bazamo-
KOMNOHEHMHUM mMa XiMiuHO HeumpanvHum. Jlis
MOOeMOBANHS. MYPOYIeHMHUX epeKmie nepeHeceHHs
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K 643064 GUKOPUCMAHA BUCOKOPEUHOILOCO8A 080-
napamempuyna ougepeHyiarbHa mooeib mypoyieH-
mHocmi 3 npucminHumu Qyuxkyismu. Mooenrosanms
3axapawjeHHs npocmopy IUCmAM I 2iikamu oepes
BUKOHYEMBCSL HA OCHOBI MO0l NOPUCTO20 cepedo-
euwa. Pisusnnua Has'e-Cmoxkca, a makooic pienanns
nepemnecenHss Osl napamempie mooeni mypoyieHm-
HOCMI MICMAMb 0XCepelbHi YleHU 6 NPasux 4acmu-
HAX y 6uensioi CmameyHol 3a1eiCHOCE MOOYIIsL U6U-
okocmi 6 Oisinkax nopucmocmi. I modenv inmepn-
pemye 6nau8 pPOCIUHHOCMI SIK OOHOPIOHUL I30MpPOon-
HUL ONip MANOIHePYIliHO20 00 €My, 000amMKO8L YleHU
6 PIBHSHHAX MOOeNi mypOYIeHMHOCMI 30LIbULYIOMb
8UPOOHUYMBO MypoyreHmuocmi. J[ocniodxcents: npo-
6€0€HO 3 BUKOPUCIMAHHAM ABMOPCLKO20 NPOZPAMHO-
20 komnaexcy MTFS®, 6 sxomy 0a306uti Hes8HUll
aneopumm 3a6e3neyenull powenienHaIm 3a Memo-
oom 3minnux wanpsivkie i TVD cxemoio 2/3-20 no-
PAOKY mounocmi. Pospaxynku uKkoHami memooom
yemaHnoeients nepebicy 6i0 3a2aibMOBAHO20 CMAHY.
Ilepebie y niomodeni po3paxosysascs 6 HeCMayioHa-
PHIL NOCMAHOBYT 3a CMAYIOHAPHUX SPAHUYHUX YMO8
NPOMsI20M NO3APO3PAXYHKOBOL OLIAHKU B8ANCANOC
NOBHICMIO MYPOYIEHMHUM, WO BUSHAYANOCS 8XIOHU-
MU 2PAHUYHUMU YMosamu. Bxionuil npogine weuo-
KOcmi  Gimpy BUKOPUCTNO8YBABCSL 3  YPAXYBAHHAM
NPUKOpOOHHO20 wiapy. Buxonano moodemosanns
NOWUPEHHST QOMIWKU 830082iC KEAPMANE NIOMOOel
yeumpy 3a HAsI8HOCMI/BIOCYMHOCMI TUCMS Y CKGEPL.
Ompumano 3a008inbHull 30ie 3 eKCnepUMenmatbHu-
mMu Oanumu. Busigneno ssuwye meniosoco ocmposa.
ITiomeepooicena suxposa cmpykmypa JiHiL CMpPyMy
3a yMOo8u 0OmMIKauHs 8yauyb-kauwvlionie. Ioxazanui
6NIUE CMPYKMYPU BYIUYb-KAHBUOHIE HA NOWUPEHHS.
OOMIWKY 810 MPAHCNOPMHUX 3ACO0I6.

Kniouosi cnosa: cmpykmypa 8yauyb-KaHblUoHIS,
HACAONCEHHS, NPU3EMHULL AP, NepeHeceHHs 3a0pyo-
Helb.

B.I'. Cononnos, npod., 1.17.H., XapKiBCbKHI HallioHa-
JIHUIA aBTOMOO1TBHO-OPOXKHIH YHIBEPCHUTET,
VYxpaina, solodov.v@gmail.com

MoneJsib IepeHOCa PUMECH TPAHCIIOPTHOIO MPo-
HCXOKAEHHSI B CTPYKType YJIMI-KAHBLOHOB II€H-
TPaJIbHOI YacTu I. XapbKoBa

Annomayusn. Paboma noceswena paspabomre Mo-
denu u ucciedo8anulo 0cobeHHocmell npoyecca ne-
PEHOCA 3a2PS3HAIOWUX 6EULeCE 8 NPUZEMHOM Cloe
K68apmanog YeHmpaibHOU Yyacmu 20pood Npu Haiu-
yuu Hacaxcoenull u penvea mecmmocmu. B xaue-
cmee 0CHO8bl MOOENU PACCMAMPUBAEMCs MUKPOPALi-
OH yeumpanvhou uacmu 2opooa Xapvkosa. Booiw
0Ce6oll TUHUU YUY NPedyCMAmpueaemcsi TUHeUHbI
UCMOYHUK, BbIOCTAIOWUTE NOCHOSAHHBIN 60 8pPEMEHU
pacxoo npumecu. [lpumecv nepenocumcs @ npuzem-
HOM cJloe Yauy 6 Yclo8usx 60Ko6ol 8emposot Inio-
DPbl, NEPEMEHH020 peibedha MeCmHOCIU U HAcadlcoe-
Hutl 8 sude ckgepa. Modenb 0cHO8aHA HA CEMOYHOM
onucanuu 0anHou mpexmeprol obnacmu. [leudicernue
6030yWHOU cpedbl onucvleaemcsi ypasHenusmu Ha-
eéve-Cmokca,  ocpeonenwviMu  no  Petinonvocy.
Cnaowmnas cpeda npunumaemcs ciabo cocumaemotl,
MHO20KOMNOHEHMHOU | XUMUYECKU HeumpanbHol.
s modenuposanus 6 kauvecmee 6a30601 UCNONb3O-
6aHA BbICOKOPEUHOILOCOBASL 0BYXNAPAMEMPULECKUSL
oughgpepenyuanvrnas mooenrv  mypOYIeHMHOCMU  C
npucmennviMu Qynkyusimu. Modenupoeanue 3azpo-
MONCOEHUL BLINONHAEMCSL HA OCHO8E MOOeNU NOpu-
cmotl cpedvl. Hccnedosanue npogedeHo ¢ UChOJb30-
BaHUEM  ABMOPCKO20 NPOSPAMMHO20  KOMWIEKCA
MTES®, na ocnose TVD cxemvl 2/3-20 nopsdka mou-
Hocmu. Beinoaneno modenuposanue pacnpocmpate-
HUsL npumecu 8006 K8APMAI08 NOOMOOeU YeHmpa
npu HATuYuU/omcymcemeuu acmesl ¢ ckgepe. Oona-
Ppyoiceno  seneHue meniogozo ocmposa. Iloxasano
GIUSIHUE CMPYKMYpPbL YIUY-KAHbOHO8 HA PACHpO-
cmpanenue npuMecu om MmpaHcnoOPMHbIX CPeOCma.
Knioueevie cnoea: Cmpyxmypa Yyiuy-KaHbOHOS,
Hacax)coenust, NPU3eMHbLL CIOl, NePeHoc 3aepsa3He-
HU.

B.I'. Cononnos, npod., 1.1.H., XapbKOBCKHI HAIHO-
HAJbHBI aBTOMOOHJIBHO-TOPOXHBIA YHHBEPCHTET,
VYxpauna, solodov.v@gmail.com




