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This paper presents the results of a study aimed at the development of mathe-
matical methods for assessing air pollution based on fuzzy logic and neural net-
work technologies. The object of the study is the dispersion of vehicle-related
harmful substances, and the subject is the patterns of distributing the concentra-
tions of these substances under the influence of urban area factors and weather
conditions. The goal of the study is to develop a mathematical model for the
dynamic calculation of the pollutant concentration cloud using computer model-
ing. The developed methods, as opposed to the existing ones, allow assessing the
distribution of emission concentrations in real time and take into account the
influence of building geometry factors, wind shadows, and weather conditions.
The proposed approach allows detailing the spatial heterogeneity of air pollution
in densely populated areas. The modeling results showed that under certain
development parameters, the emission concentration in the leeward zone of
buildings can more than double as compared to open urban environment areas.
The analysis of the obtained data showed that the deviation of the results as com-
pared to laboratory measurements does not exceed 20% in most of the studied
urban areas, which confirms the high accuracy of the model. The results of the
study have found their practical application as an algorithm integrated into the
AIMS eco software which can be used for real-time environmental monitoring and
the development of measures to reduce urban air pollution.
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Introduction

The developed urban infrastructure with high-rise buildings
and heavy traffic is typical for most cities. Comfortable conditions
for city residents entail negative consequences, including the de-
terioration of air quality. Vehicle exhaust gases (nitrogen oxides
(NOx), volatile organic compounds (VOCs), carbon monoxide
(CO), ammonia (NH3), sulfur dioxide (SO2), and primary partic-
ulate matter (PM), which are involved in the formation of harmful
secondary pollutants such, as ozone and PM 2.5, in high concen-
trations (especially within signal-controlled intersections) nega-
tively affect human health. Pollutants enter premises through
doors, windows, and ventilation systems and are no less harmful
to people indoors than outdoors [1]. Narrow streets, heavy traffic,
and adverse weather conditions are the main reasons for the for-
mation of high air concentrations of harmful substances [2, 3], [4].
Policy measures to reduce vehicle-related air pollution and asso-
ciated controversies are discussed in [S]. The authors in [6] con-
sider the implementation of measures to improve the dispersion of
pollutants in urban canyons.

Urban environmental monitoring stations cannot accurately
identify emission sources (households, industrial enterprises, or
motor vehicles) and are applicable only to specific data collection
locations.

The development and advancement of methods and mathemat-
ical models for assessing vehicle-related air pollution remains a
fixed priority. Air pollution modeling includes various mathemat-
ical approaches describing cause-and-effect relationships between
the characteristics of emission sources (traffic flow composition,
speed, delay time) and factors influencing the dispersion of harm-
ful emissions (urban area, weather conditions) [7-9]. The influ-
ence of the geometric details of building facades on the dispersion
of harmful emissions in street canyons was studied in [10]. The
paper established that building balconies affect dispersion, espe-
cially if they are located on the windward facade.

The dispersion of harmful emissions, air ventilation, and tem-
perature changes in asymmetric urban structures were considered
in [11]. Greenspace expansion, as a way to reduce air pollution, is
used in modeling the air flow and the diffusion of harmful emis-
sions in urban canyons [12].

The results of modeling the transfer of harmful substances are
largely based on accurate input data: emissions inventory, mete-
orology, land surface parameters, and chemical mechanisms in the
atmosphere [13].

There are several models of emissions from mobile sources.
MOVES (Motor Vehicle Emissions Simulator) estimates harmful
emissions based on vehicle operating modes. However, this simu-
lator requires large computational costs and a lot of input data
[14].

COPERT models vehicle emissions based on emission factors
and is focused on the European Union [15].

HERMES and VEIN are open-source models based on com-
putational languages (Python and R) and have transparent calcu-
lations with large data bulks [16, 17].

The Operational Street Pollution Model (OSPM) is fast and
easy to use, but tends to underestimate real emissions in narrow
street canyons [18].

Pollutant emissions depend on the amount of fuel used, the
way the vehicle is driven (e.g. speed, acceleration, and vehicle
load), the vehicle type, the fuel used, and the technology used to

control emissions (e.g. catalytic converters). Therefore, the sim-
plest way to estimate emissions is to use emission factors.

There is no universal model taking into account the specifics
in time and space scales. The accuracy of the estimate depends on
the accuracy of a huge amount of input data. The model should be
simple and adaptive and present output information in the most
convenient resolution.

There is a need to develop models that can assess the current
state of air quality, take into account weather conditions, and pro-
vide information on emission sources to support management de-
cisions.

CCTYV cameras for monitoring traffic intensity and the amount
of vehicle-related emissions on city highways and at intersections
have been successfully used to collect data [19, 20]. The use of
deep neural networks for recognizing moving objects on the road
allows determining the vehicle type and speed and track the mo-
tion path. The obtained data are used to calculate the amount of
emissions in real time [21, 22].

The developed AIMS eco (AIMS eco — Realtime Monitoring
https://aims.susu.ru/demo) software suite implemented in several
Russian cities monitors traffic flows and calculates pollutant emis-
sions in real time; the data are updated at 20 minute-intervals.
Emissions are calculated based on the regulatory documents of the
Russian Federation (Order of the Ministry of Natural Resources
and Ecology of the Russian Federation No. 804 dated November
27,2019 “On approval of the Methodology for determining emis-
sions of pollutants into the atmospheric air from mobile sources
for conducting summary calculations of atmospheric air pollu-
tion”; GOST R 56162-2019 “Emissions of pollutants into the at-
mosphere”. Method for calculating the amount of emissions of
pollutants into the atmosphere by flows of motor vehicles on high-
ways of different categories.

This study presents a mathematical model for the dynamic cal-
culation of a pollutant concentration cloud implemented in the Py-
thon programming language. The predictive probabilistic model
of the influence of urban area building parameters is based on the
fuzzy logic method. The modeling results serve as a good basis for
understanding how the geometric parameters of urban area build-
ings affect the increase in pollutant concentrations when the emis-
sion source is located in wind shadows.

Conceptual model for calculating the pollutant concentration
cloud taking into account the urban area

The main conclusion based on the analysis of regulatory doc-
uments on taking into account the urban area to calculate the dis-
persion of vehicle-related pollutant emissions [1] states that the
presence of buildings near highways always increases the concen-
tration of emissions. However, the influence of the housing system
(urban area) is manifested only when the emission source falls
within the possible formation of wind shadows from buildings. Lee-
ward shadow and windward shadow zones are distinguished for the
ground layer up to two meters high. Intermediate zones half the size
of these two basic zones are distinguished for each of them.

The common calculation algorithm taking into account the in-
fluence of the housing system is expressed by the following for-
mula: the maximum ground level concentration of pollutants C,,

is determined as

Cm = - Chy (1)
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where 7, is the correction taking into account the influence of the
housing system; C,, is the maximum ground level concentration

of pollutants ignoring urban area.

Notably, calculations of the pollutant concentration cloud ig-
noring the urban area, which are also regulated by the relevant
methods, were previously adapted for real-time monitoring upon
receipt of information on traffic from stationary street surveillance
cameras [2]. Ultimately, the complete mathematical monitoring
model with the # periodicity at each point (X, ym) of the emission
concentration cloud C*(x,,, y») for an urban intersection divided
into N areal emission sources is represented by the general for-
mula:

(Mltk,cé(xm —&irYm _77i)) (2)

Mz

Ctk(xm/ym)z

Il
—_

where Mfk is the rate of vehicle-related emissions representing
one areal source:
1
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where #p; is the real idle time of the j-th vehicle during the incre-
ment time # ; ty; is the real time of movement of the /-th car with
average speed V; during the increment # over the area S;.

C; (xm & Ym —771‘) are emissions at an arbitrary point of the

intersection area (x,, y») from one of N unit rate areal sources cen-
tered at the point (&, #,).

Czl‘(xm & Ym —”i):Cm 'r(%m)sl(x(i"Xm))sz(%P'Xm)j @

where the hazardous wind speed U, and the reference value X,
as well as a number of correction factors r, p, si, 52 are precalcu-
lated taking into account the real wind speed U and wind direction.

This algorithm is a set of piecewise polynomial approxima-
tions for fast computer calculations. These approximations are
based on the equations of atmospheric diffusion, as well as formu-
las for the Gaussian distribution of concentrations from a point
emission source. The adapted algorithm is implemented in the
AIMS eco software suite (AIMS eco — Realtime Monitoring),
which monitors traffic flows and corresponding pollutant emis-
sions in real time and presents data with a frequency of 20 minutes.

Figure 1 presents the conceptual model for correcting concen-
trations in the emission dispersion cloud calculated using formula
(2), when introducing the correction 7,,, which takes into account

the urban area.

The model contains three auxiliary algorithms necessary to op-
erate each of the main algorithms. All the four main algorithms
have a similar calculation structure based on the following provi-
sions.

The ground level concentration of atmospheric emissions Ci,
(ignoring urban area) at an arbitrary point (x,y) and the arbitrary
values of wind direction and speed U is determined by the for-
mula:

Cury :T[%m)'Sl(%p~xm)j'52(%a~x))'cm =r-p-C, )

where 1=s;"s2.
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Baseline calculation (BC)
of the pollutant concentration cloud
ignoring the urban area

e

Correction calculation
taking into account the urban area

R

Main calculation algorithms (MC):

MC-1: emission source in the leeward zone;

MC-2: emission source in the windward zone;

MC-3: emission source in the intermediate leeward shadow zone;
MC-4: emission source in the intermediate windward shadow zone.

1

Auxiliary calculation algorithms (AC):

AC-1: emission source in the leeward zone;

wind — along the normal from the building to the emission source;
AC-2: emission source in the leeward zone;

wind — from the corner of the building to the emission source;
AC-3: emission source in the intermediate leeward shadow zone;

wind — along the normal from the building or from the corner of the
building to the emission source.

Fig. 1. Conceptual model for calculating the emission concentration
cloud taking into account the urban area

When taking into account the urban area, the ground level pol-
lutant concentration is calculated similarly to formula (1) also at
an arbitrary point (x,y) and the arbitrary values of the wind direc-
tion and speed U:

Coy =1 1-Con ©)

where only 7 is subject to correction.

The 7 coefficient calculation sequence is selected depending
on whether the emission source base is in the leeward or windward
shadow zone, or in the intermediate zone of these shadows. There-
fore, let us consider in more detail the scope of one of the main
algorithms, in particular, the first main algorithm MC-1: calcula-
tion of the correction taking into account the urban area, when the
point emission source is in the leeward zone.

MC-1: first main calculation algorithm

When the emission source base is located in the leeward
shadow zone, the 7 value at a point located at a distance x from

the emission source along the flare axis and at a distance y from
this axis is determined by the formula:

H=(1-¢)s -5y +6°s ™
1) Calculation of the  coefficient
The { coefficient depending on the wind speed U and the pos-
itive acute angle y between the wind direction and the normal to
the leeward wall of the building is determined by the formulas
from AC-2:
g:O.S-(g +¢ )when V<@ ®)
g=0.5-(g - ) when y > @,

where g’ is calculated by the formula:

c=l- ! ©9)

(1429107 £, +2.510° -2 +9.2.10™ ./}’

E’;

T-Comm Vol.l9. #4-2025




TRANSPORT

as the " value calculated by the argument 3 when ¢ is replaced
with (pi+y); {7 is calculated similarly to (", but when ¢y is re-
placed with |@x+y|.

In this case, the intermediate argument #; is calculated using
the formula from AC-1:

ty =@ U when U<S5 m/s (10)

t3 =2.24- @ when U>5 m/s
and the auxiliary angle ¢x depending on the building width/length
ratio t,= L,/L;, is calculated using the formula:

_ 4 3 2

P = 136.5'1'2 —364't2 —273't2 when t2 <1

281
o2

1+0.02- t2

(11

o =18 when ty >1

2) Calculation of the s\ and s, coefficients

These coefficients are calculated using the basic MA method-
ology ignoring the urban area.

3) Calculation of the s' coefficient

The s' coefficient is calculated by the formula:

s =9 -3, when x<xy
(12)

s :191~§2-(1—s )+sl~52-s when xp <x<L

s =5y -5y when x> L

where all the auxiliary coefficients are also determined using aux-
iliary calculation methods. The corresponding formulas are omit-
ted due to their cumbersomeness.

The main aspect in all calculation algorithms of the conceptual
model is the replacement of the fundamental complex integral-dif-
ferential and Gaussian dependencies with piecewise approxima-
tions using the simplest mathematical expressions. This signifi-
cantly decreases the computational load in the software implemen-
tation of the considered algorithms.

Fuzzy logic-based model experiments

Any mathematical model reflects the actual situation with the
probability that depends on a set of unpredictably changing fac-
tors, which are generally also interconnected. Therefore, it is ad-
visable to conduct a model experiment in a probabilistic setting
based on the Gaussian distributions of factors with random fluctu-
ations.

The most suitable tool for the proposed experiment is an algo-
rithm based on fuzzy inference, which allows avoiding bulky cal-
culations. This algorithm was proposed by the English mathema-
tician Ebrahim Mamdani in 1975 and found the maximum practi-
cal application in fuzzy modeling problems. According to the
Mamdani algorithm, fuzzy inference is performed on a fuzzy
knowledge base where the input and output variables are specified
by fuzzy sets. The Mamdani algorithm and many other fuzzy in-
ference algorithms (Larsen algorithm; Tsukamoto algorithm;
Sugeno algorithm) have already been implemented in software
products, in particular — fuzzyTECH, etc.

Let us consider probabilistic forecast constructions for the
7] correction, taking into account the influence of the urban area
on the spread of pollutant emissions from traffic flows.

To obtain the minimax estimates of all parameters in the con-
ceptual model, let us accept a number of assumptions without pre;j-
udice to the generality of the obtained results:

—th emission source is in the leeward shadow;

— he height of the emission source H <2 m;

— the wind is directed along the normal to the urban building
(angle'y = 0);

— this building side is designated L., and the adjacent side — L,
wherein L,, > L;;

— the building height is designated Hh and affects the size of
the leeward shadow;

— the model is plotted for the maximum concentration point
(x = xm, y =0), wherein s =s,= 1.

Taking into account the adopted assumptions, the above main
calculation algorithm MC-1 is reduced to the auxiliary algorithm
AC-1 based on similar calculation dependencies:

A == )+ S (137 -5) (13)

The adopted assumptions allow selecting a specific calculation
option in variational formulas (8)—(12), which ultimately allows
obtaining a mathematical model of the correction in the change in
the maximum emission concentration 7,,, in the following general

form:

i :f(L%l’Hb)

where the building width/length ratio (L./L;) and its height (Hy)
are selected as input factors. Other intermediate parameters are
calculated according to the following regulated ratios:

(14)

1
(1429:107 -1, 425107 -£{ +9.2-10°" -t;‘)2

Sn=1-

L=, -\/Um when l}m <5ml/s
281

+—

1+0.02-¢,

A A 2 A 3
U U U

r,=0.67-—=+1.67-| — | —-1.34.| —
U U U

m m m

when ﬂ< lU—’": 3 A always <1
Um Um Hb

171=16 when H < H,

(o (a7 +O.51-(t1—4.92)2 304
b 1624 -(6,-1)+209] (1, -3.63] 4,

when 8 <t <40

(xb—x)-ﬁ

1.1-py-x

m

A 5
Um
p3 = 843 . (1 —U—mJ

when t, >1

1

(15)

—
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The minimax ranges of input factor variations are determined
for the existing variants of the urban area along the main highways
of Chelyabinsk, Russian Federation, for the building width/length
ratio L,/L; from 2 to 20 and the building height Hj from 15m to
50m. In this case, the correction 7, varies in the range from 1 to

2.016.
The predictive probabilistic model of the influence of the pa-
rameters of urban area buildings (L./L; Hy) on the correction 7,

is based on the fuzzy logic method and the fuzzyTECH computer
program. Figure 2 shows the structural diagram of the model. At
the stage of phasing the input factors, Gaussian membership func-
tions were selected as splines, which maximally corresponds to
problem statement in the stochastic version. The parameters of the
Gaussian terms are determined according to the authors’ expert
estimates based on the analysis of the parameters of urban area
buildings. Five Gaussian terms were selected in the membership
function for the L,/L; factor, as the most variable parameter. Fig-
ure 2 also shows the distribution of values by terms. Three terms
were selected for the H, factor and five terms with a similar dis-
tribution of values were selected for the output value in the model.

Width_Length = e
Wl |7 2% nvEl e
Term List Term Dagram
\l'}dhl R:ﬂ El ﬁhw b [%]low low_mid mid med_hig b %]
lelngth; ength Concenal A:;v‘,;,m\d 100 100
Min 15 [Max umed_hig snm tsn
PN
ﬂ:‘ T 0

4 6 8 10 12 14 16 18 N

Fig. 2. Model diagram and terms for the Lw/L1 input factor

The logical fuzzy model for predicting the correction 7, was

defined by the table of its relationships with the input factors using
the Speadsheet rule editor block (Fig. 3).

81
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Fig. 3. Relationship table and forecast of the mutual influence
of variables

Notably, the relationship table my contain inconsistent or even
contradictory rules. To resolve such situations, fuzzy rules should
be checked in both a static and a dynamic approach, although these
issues are not considered herein.

The experimental studies of the model allow graphically rep-
resenting the distribution field of the mutual influence of variables
in the form of a volumetric surface. Figure 3 also shows such a
field of mutual influence of input-output variables. The correction
can be predicted numerically at the specific values of input varia-
bles. Thus, if the L,/L; ratio is 6 and the building height H}, is 15m,
the emission concentration in the leeward shadow will be in-
creased by 1.25 times.
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The modeling results serve as a good basis for understanding
the nature of the influence exerted by the geometric parameters of
urban area buildings on the increase in pollutant concentrations
when the emission source is located in wind shadows (in the con-
sidered example — in the leeward zone).

Development of a software suite for pollutant
concentration monitoring

The above mathematical model for the dynamic calculation of
the pollutant concentration cloud is implemented in the high-level
Python programming language and integrated in the existing
AIMS eco — Realtime Monitoring of vehicle-related pollutant
emissions software system as an additional module. The AIMS
Eco software suite monitors the concentration of vehicle-related
pollutants in the urban environment, taking into account the influ-
ence of the urban area. It implements mathematical models for the
dynamic calculation of the pollutant concentration cloud using
fuzzy logic methods and computer modeling. The suite allows as-
sessing the spatial heterogeneity of air pollution and adapting the
calculations to real weather conditions.

AIMS Eco functionality includes:

e Automated collection of traffic flow data from CCTV cam-
eras.

e Integration with city weather stations to take into account
weather conditions.

e Real-time calculation of pollutant concentrations with a data
update frequency of every 20 minutes.

e Use of machine learning algorithms to predict changes in
pollution.

¢ Data visualization in an interactive city map taking into ac-
count the influence of the urban area.

o The software suite is developed in Python and implements
optimized calculation algorithms reducing the computational load
through the use of piecewise polynomial approximations. This al-
lows promptly analyzing the air environment and taking measures
to reduce pollution.

Verification of the model calculations of the pollutant
emission concentration cloud

Various types of pollutants were measured instrumentally at
four junctions of the urban road network in Chelyabinsk, Russian
Federation. The measurements were aimed to assess the quality of
the model calculations of the emission concentration dispersion
implemented in the AIMS eco software suite, taking into account
the urban area. The measurements were carried out using a mobile
laboratory of Ecoanalytics Shared Use Center of South Ural State
University.

The following verified measuring instruments were used:

e H-105, K-100, SV-320-A1 gas analyzers;

o NS chromatic analyzer;

e DustTRAK-8533 dust analyzer;

o [WS-4 integrated atmospheric parameter sensor;

e [VTM-7MS humidity and temperature meters.

The following weather conditions were recorded during the
measurements:

e air temperature;

o relative humidity;

e atmospheric pressure;

—_—

T-Comm Vol.19. #4-2025




TRANSPORT

e wind speed;

e wind direction;

o weather conditions.

The following pollutants were determined in the collected air
samples:

e carbon monoxide CO;

e nitrogen oxide NO;

e nitrogen dioxide NO2;

e hydrocarbons CH;

o sulfur dioxide SO2;

o formaldehyde CH20;

e benzopyrene C20H12;

e suspended particles PM2.5, PM10.

Figure 4 presents the verification results for carbon monoxide
CO on weekdays at four intersections of the main urban highway
in Chelyabinsk.

CO (mgm/m3)

——ECOANALITICA
——AIMS eco

1 170000 | 2 1604202 | 3 170020 | |4 15002004 |

Fig. 4. Instrumental measurements and calculations
for carbon monoxide CO

The calculated values of carbon monoxide emissions deter-
mined by the number of vehicles on highways are generally less
than the instrumental measurements. This indicates the presence
of a general background of emissions from industrial enterprises
located within the city boundaries.

At the 1st and 3rd intersections, the average deviations of the
calculated emission values from the instrumental measurements
are within 20%. For the second and fourth intersections, the devi-
ations are within 50%, which indicates a good level of calculation
approximation to the actual situation taking into account the pres-
ence of background industrial emissions.

A similar situation is observed for other vehicle-related pollu-
tant emissions, which generally confirms the correctness of the
software implementation of the mathematical model for calculat-
ing vehicle-related emissions taking into account the urban area.

Conclusion

1. The authors developed a mathematical method for assessing
the dispersion of harmful emissions in real time, taking into ac-
count the influence of the urban area and weather conditions on
the pollutant concentration. Unlike the existing approaches, the
proposed method allows for detailing the spatial distribution of
emissions and adjusting calculations in view of the current
weather conditions. The experiments showed high calculation ac-
curacy. The deviation of the calculations from the laboratory
measurements does not exceed 20%.

2. A new adaptive algorithm for modeling the dispersion of
emissions has been proposed as a practical application of the re-
search findings. Unlike the existing ones, it takes into account

complex aerodynamic processes in the urban environment. The
practical significance of the method lies in its applicability for op-
erational environmental monitoring and the development of
measures to reduce air pollution in metropolitan cities.

3. The use of the developed mathematical methods for as-
sessing the dispersion of harmful emissions can significantly im-
prove the accuracy of air pollution forecasts in the urban environ-
ment. Unlike traditional static models, the proposed methodology
ensures the dynamic adaptation of calculations, which is essential
in case of sudden changes in weather conditions and traffic flows.
This opens up new opportunities for the more accurate planning
of urban space and development of measures to reduce environ-
mental loads. The use of the developed methodology in urban
planning and air quality monitoring will minimize the impact of
emissions on the environment and public health.

4. Further research prospects include the advancement of algo-
rithms for taking into account microclimatic factors of the urban
environment, the introduction of machine learning to improve the
accuracy of pollution forecasting, and the integration of the meth-
odology into environmental monitoring systems for prompt deci-
sion-making.
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AHHOTaUuA

B cratbe npefcTaBneHbl pesynbTaThl UCCIEA0BAHNA, HANPaBIEHHOrO Ha pa3paboTKy MaTeMaTMHECKUX METOAOB OLIEHKW 3arpA3HEHUA BO3/yXa, OCHOBAaHHbIX Ha
HEYETKOM JIOTUKE W HelpoceTeBbiX TexHosmormax. OBbLEKTOM WUCCNeAoBaHUA SABASETCA MPOLECC PacCemBaHWA BPEAHbIX BELeCTB, BblGpacbiBaeMbiMu
ABTOTPAHCMOPTHBLIMKA MOTOKaMM, @ MPEAMETOM — 3aKOHOMEPHOCTU pacrpeAeneHns KOHLEHTPaUWii 3TUX BELLECTB MOA BAMAHMEM (aKTOPOB FOPOACKOWM
3aCTPOVKM U METeoposiorMyeckux ycrnoeui. Llenbio uccnepoBaHua ABniseTcA pa3paboTka MaTeMaTM4ecKoM MOAENM [AMHAMWUHYECKOro pacdéra obnaka
KOHLIEHTPaLMK 3arpA3HAIOLLMX BELLECTB MPU MOMOLLM KOMMbIOTEPHOTO MOAENMpOBaHus. PaspaboTtaHHble MeToAbl, B OT/IMYME OT CyLLECTBYHOLLMX, MO3BOSIAIOT
OLIeH1BaTb pPacrpeAeneHns KOHLUEHTPaLmii BbIDPOCOB BPeAHbIX BELLECTB B PEXKMME PeasibHOrO BPEMEHU U Y4UTLIBAIOT BAIMAHME (DaKTOPOB reOMETpUM 3JaHWiA,
BETPOBbIX TEHEW M METEOPOJSIOTNHECKUX YCioBUiA. [1peanoXeHHbI NOAXOA MO3BOMAET AETa/M3MPOBaTb NPOCTPAHCTBEHHYIO HEOAHOPOAHOCTbL 3arpA3HEHUsA
BO3/yXa B YC/IOBUsAX NIIOTHOM 3aCTPOMKU. PesynbTaThl MOAENMPOBaHUA MOKa3asu, YTO MpU OMpeAeneHHbIX NapaMeTpax 3acTPOMKM, KOHLEHTpauus BbIGpocos
B MOABETPEHHOMN 30HE 3[4aHUI MOXET YBENIN4MBaTLCA Gorlee YeM B [jBa pas3a Mo CPABHEHMIO C OTKPbITLIMU Y4aCTKaMU FOPOACKON cpefbl. AHANN3 MOJTyHYEHHbIX
JaHHbIX MOKa3asl, YTO OTK/IOHEHWE PEe3y/bTaTOB B CPABHEHWM C JTAGOPATOPHBLIMU U3MEPEHUAMM cOoCTaBniAeT He Gonee 20% Ha GOMbLUMHCTBE UCCNEOBaHHbIX
YYaCTKOB ropoAa, YTO MOATBEPXKAAET BbICOKYIO TOHHOCTb MOAenu. PesynbTaTbl MccnefoBaHWsA HALLM CBOE MPAKTUYECKOE MPUMEHEHUE B Ka4YeCTBE a/irOpPUTMa,
KOTOPbI MHTErPUPOBaH B MporpaMMHbIi Komrieke "AIMS eco” n MOXeT BbITb MCMONb30BaH ISl OMEPATUBHOIO 3KOIOMMHYECKOro MOHUTOPHMHIA, pa3paboTku
MEP MO CHWKEHMIO 3arpA3HEHUA BO3AyXa B ropojax.

Knioueebie cnoea: mpaHcnopmhHble NOMOKU, 6bIGPOCkI 3azpA3HAIWUX eeulecms, KOHUEeHmpauus ebibpocos, 2opodckas 3acmpolika; Helipocemeeas MoOesb,
Npo2pamMmHBILi KOMNIIEKC, 6eMPo8ble MeHU
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