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IMPACT OF ROAD TRANSPORT ON THE LEVEL
OF AIR POLLUTION IN THE CITY OF ALMATY

The article deals with the analysis of the impact of vehicles on the pollution of the air basin of the
city of Almaty with emissions of toxic substances. By analyzing and processing information from vari-
ous sources, the causes and serious consequences of air pollution by vehicles were shown. Recently,
as is known, more than 90% of all carcinogenic substances polluting the air environment of the city
of Almaty account for the annual increase in road transport. The results of our study on the degree of
intensity of traffic of cars and trucks showed that the largest number of motor vehicles in Almaty falls
on Raiymbek (30.4%), Ryskulov (28.1%), Sain (24.3%) and Al- Farabi (12.8%), the smallest number of
cars is observed on Seifullin (5.7%) and Nazarbayev (5.5%) avenues. The largest number of trucks falls
on Ryskulov (28.1%), Raiymbek (24.1%), Sain (22.4%) and Al-Farabi (12.7%) avenues, and the smallest
number of them is the same as cars, i.e. Seifullin Avenue (7.2%) and Nazarbayev Avenue (5.2%). In order
to improve the air environment of the city of Almaty, it is necessary to take measures that will contribute
to the greening of vehicles, reduce negative trends in air pollution from stationary sources in the city,
increase the connection of private houses to gas and expand the areas of green spaces in the metropolis.

Key words: Almaty, metropolis, vehicles, air basin, toxic substances.
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ABTOKOAIKTIH AAMaTbl KAAACbIHbIHH,
aTtmocdrepanblk ayacbiHbIH, AACTaHy AeHreiiHe acepi

Makarapa AAMaTbl KaAacblHbiH aya 6acCerHiHIH YAbl 3aTTap LWblFapbiHAbIAAPbIMEH AACTaHyblHA
ABTOKOAIKTEPAIH 8CepiH Taapay KapacTbIpbIAFaH. Op TYPAI KO3AEPAEH aAblHFaH akMapaTTbl TAaAAQY
KOHE OHAEeY apKbiAbl aTtMocdepaHbliH aBTOKOAIK KypaAAapblMEH AacTaHyblHbiH cebenTepi meH
aybIp canAapbl kepceTiaai. Kasipri yakpiTta AAMaTbl KaAacbiHbIH 8ye OpTacblH AACTaMTbiH OAPAbIK,
KaHueporeHai 3aTTapAbiH, 90% — AaH acTaMbl aBTOKOAIKTEPAIiH, XKbIA CalbIHFbl YAFAIObIHA TUECIAI eKeHi
6eAriAi. JKeHiA XaHe XXYK aBTOKOAIKTEPiHIH KO3FaAbIC KapKbIHABIAbIFbIHbIH, ABpeXeci 60MbiHLA Gi3AiH
3epTTeyiMi3aiH HaTHXKeAepi AAMaTblaa >KEHIA aBTOKOAIKTEPAIH eH Kern caHbl Parbimbek (30,4%),
PbickyaoB (28,1%), Cant (24,3 %) »xoHe OA-Dapabu (12,8%) AaHFbIAAAPbIHA TMECIAI EKeHiH KepCeTTi,
>KEHIA aBTOKOAIKTEpAiH eH a3 caHbl CendyaamnH (5,7%) >kaHe Hazapbaes (5,5%) AaHFbIAAAPbIHAQ
Garkanabl. JKyK KeAikTepiHiH eH kemn caHbl PbickyaoB (28,1%), Parbimbek (24,1%), Cann (22,4%)
>koHe OA-Dapabu (12,7 %) AaHFBIAAAPBIHA TUECIAI KOHE OAAPAbIH €H a3 CaHbl KEHiA aBTOKOAIKTEPMEH
Gipaeit, arHn CendpyAAMH AaHFbIAbL (7,2%) >xoHe Hasapbaes aaHfbiAbl (5,2%). AAMaTbl KaAaCbIHbIH
aya opTacbliH >KAKCAPTY YLWIH KOAIK KYpPaAAApblH 3KOAOTUSIAQHABIPYFA, KaAasaFbl CTaLMOHAPABIK,
KO3AEPAEH aya opTacbliH AacTay OOMbIHLLIA XKaFbIMCbI3 YPAICTEPAI TOMEHAETYTE, XKEKe YHMAEPAI rasra
KOCYAbl YAFAMTYFa >KOHE MEranoOAMCTIH KACbIA XKEAEKTEP aAaHAAPblIH KEHeWTyre bIKMaA eTeTiH ic-
LapaAapAbl >XKy3ere acbipy Kaxer.

Ty#iH ce3aep: AAMATbl, MErarnoAUC, KBAIK KypaAAapbl, aye 6accenHi, yAbl 3aTTap.
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Impact of road transport on the level of air pollution in the city of Almaty
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BAusiHME aBTOTPAHCMOPTA Ha YPOBEHb 3arpsi3HeHUs
aTmocchepHOro Bo3Ayxa ropoaa AAmarbl

B cTaTbe paccMaTpuBaeTCs aHaAM3 BAMSIHWS TPAHCMOPTHBIX CPEACTB Ha 3arpsi3HEHME BO3AYLLHOMO
HacceriHa ropoaa AAMaTbl BblGpocamm TOKCUYHBIX BelecTs. [yTem aHaAn3a n 06paboTku nHopmaumm
U3 Pa3HbIX MCTOYHUKOB ObIAM MOKA3aHbl MPUYMHBI U CEPbE3HbIE MOCAEACTBUS 3arpsisHeHust aTMocepbl
TPAHCMOPTHLIMW CPeACTBamK. B HacTosiee Bpemsi, kKak mM3BecTtHo, 6oaee 90% BCex KaHLEepOoreHHbIX
BELLECTB 3arPs3HAIOLMX BO3AYLLIHYIO CpeAy ropoAa AAMaTbl MPUXOAMTCS HA eXXEeroAHOE YBeAnyeHue
ABTOMOOUABHOIO TpaHcropTa. Pe3yAbTaThbl Halllero MCCAEAOBAHWS MO CTerneHu WMHTEHCUMBHOCTU
ABVXXEHUS AETKOBbIX M IPY30BbIX aBTOMOOMAEN NMOKa3aAM, YTO HaMbOAbLLIEE KOAMUECTBO aBTOMOOMAb-
HOrO AErkoBOro TpaHcrnopTa B AAMaThl MPUXOAMTCS Ha npocrekThbl Parbimbeka (30,4%), PbickyaroBa
(28,1%), CanHa (24,3%) n Aab-MDapabu (12,8%), HaMMEHbLLEE KOAMYECTBO AETKOBbIX aBTOMOOMAEN
HabAlopaetcs Ha npocnektax Cendyaanna (5,7%) n Hasapbaesa (5,5%). Hanboabliuee KOAMUECTBO
rpy30BbIX ABTOMOOMAEN MPUXOAMTCS Ha npocnekTbl PbickyaroBa (28,1%), Panbimbeka (24,1%),
Camnna (22,4%) v Aab-@apabu (12,7%), M, HaMMEHbLLIEE KOAMYECTBO MX OAMHAKOBO C AErKOBbIMM
aBTOMOGUASIMM, T.e. npocnekT CeidyanHa (7,2%) 1 npocnekt Hasap6aesa (5,2%). AAS 03A0POBAEHUS
BO3AYLLUHOM CpeAbl ropoAd AAMAaTbl HEOBXOAMMO OCYLUIECTBAEHUS MEpOMnpusTUii, KOTopble OYAyT
CnocobCTBOBaTh 3KOAOrM3aLMU TPAHCMOPTHLIX CPEACTB, CHUXKEHMIO HEraTMBHbIX TEHAEHUMI Mo
3arps3HEHMIO BO3AYLLIHOM CPeAbl OT CTaLMOHAPHbIX MICTOYHWKOB B FOPOAE, K YBEAMUEHMIO MOAKAIOYEHMS

K ra3dy 4aCTtHbIX AOMOB 1 paCWMNPEHUIO MAOLLIAAEN 3eAEeHbIX HAaCa>KAEHMI MeranoAmca.

KAroueBble cAoBa: A/\MaTbl, mMeraroamc,
TOKCn4YyecCckme BellecrtBa.

Introduction

Currently, atmospheric air pollution is one of
the urgent problems of large and industrial cities
of the republic. Among them, the leading place in
terms of the concentration of harmful substances is
occupied by the city of Almaty. One of the serious
negative consequences is the formation of toxic
substances in the air in mountainous areas due to
natural conditions, climatic, man-made conditions,
location at the foot of the Trans-Ili mountains,
characteristic weak circulation of air masses in the
area, which is extremely unfavorable for ensuring
cleanliness (figure 1). Over the past 20 years,
Almaty has been ranked among the 25 most polluted
cities in the world. The main reason why Almaty
has become the most polluted city in Kazakhstan
is cars, where vehicles account for about 90% of
the total volume of toxic substances released into
the air from all modes of transport. In Almaty, the
number of cars today exceeds 823 thousand, in
addition, 90 thousand non-resident cars enter the
city every day and the number of trucks is growing.
The air pollution index in recent years was equal to
12-14 units. However, the share of pollution from
stationary sources is only 4.1%, the rest is accounted
for by vehicles. In recent years, the state of the air
basin of the city of Almaty has deteriorated sharply
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due to the growth of the urban population and the
reduction in the areas of green areas and the large
volume of construction of high-rise buildings that
hold back air flows, sources of pollution, especially
cars [1,2].

The foregoing determined the purpose of our
study, including the determination of the impact of
vehicles in air pollution by emissions of harmful
substances in the city of Almaty.

Materials and research methods

To study air pollution in the city of Almaty,
the method for calculating the emissions of harmful
pollutants by vehicles into the atmospheric air
was used, based on the international methodology
for inventorying emissions of pollutants EMEP /
CORINAIR [3]. The method allows to determine
emissions of greenhouse gases into the atmosphere
from motor vehicles. To calculate the indicators,
traffic intensity data was collected. The data was
collected as a result of the study. The object of our
study were roads for motor transport in Almaty. The
subject of this scientific study was road congestion,
traffic intensity. The research was carried out in
Almaty in June, July 2021. 6 main observation
points were chosen: 11. — Ryskulov avenue, 2. —
Seifullin avenue, 3. — Raiymbek avenue, 4. — Al-
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Farabi avenue, 5. — Nazarbaev avenue, 6. — Sain
avenue. The research method was to monitor the
number of passing cars. During the study, cars were
divided into 2 categories: cars and trucks. The tests

were carried out for 8 weeks, four times a day. The
observation time is 20 minutes. As a result, all the
received data were entered into a single data array in
the Excel program.

Figure 1 — Almaty city

Results and their discussion

Today, one of the main sources of pollutants
entering the air basin of our planet is road transport.
83% of passenger cars of the entire globe, which
account for 78%, then emissions from stationary
sources of industrial enterprises account for 11%
and about 6% of the total emissions of pollutants
into the air come from thermal power facilities. So,
for example, the share of road transport in the United
States in environmental pollution accounts for more
than 60%, in the UK this percentage reaches 34%,
for France it is 32%. At the same time, the number
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of vehicles on our planet is only growing every
year. The issue of air pollution by vehicles was
considered by many researchers [4,5,6,7,8,9]. The
main load on roads is due to the annual growth in
the number of all modes of transport, which leads
to an increase in traffic intensity on the roads, which
in turn affects and affects the quality of the urban
air environment. Harmful and toxic substances
in exhaust gases emitted by vehicles contain not
only carbon monoxide, unburned hydrocarbons,
nitrogen oxides and soot, but also aldehydes, sulfur
oxides and other carcinogenic compounds. All these
compounds are not only toxic, but also reduce the
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transparency of the atmosphere: 50% more fog,
10% more precipitation, reduce solar radiation by
30%. The thermal effect increases the temperature
in the city by 3-5°C, the frost-free period by 10-
12 days and the snow-free period by 5-10 days [3,
9]. Currently, there are many state standards for
calculating motor vehicle air pollution. According
to the above method, we calculated the emissions
of motor vehicles into the air of the city of Almaty.
Traffic data was collected to calculate the indicators.
An experimental study was conducted by us in the
summer, in June and July 2021 in Almaty. 6 main
control points were chosen: 1. — Ryskulov avenue,
2. — Seifullin avenue, 3. — Rayymbek avenue, 4.
— Al-Farabi avenue, 5. — Nazarbaev avenue, 6. —
Sain avenue. The research method was to monitor
the number of passing cars. During the study, cars
were divided into 2 categories: cars and trucks. The
tests were carried out for a week, four times a day.
The observation time is 20 minutes. The next step
in preparing data for calculating emissions was the

distribution of pollutants according to the required
classification.

The 2021 traffic volume data for Almaty for
2021 (total number of vehicles) obtained using the
statistics on the composition of vehicles was divided
into the following types:

- cars;

- trucks and buses with gross weight up to
3500 kg;

- trucks with gross weight over 3500 kg.

During the study period, on six streets (Ryskulov,
Seifullin, Raiymbek, Al-Farabi, Sain and Nazarbaev
(former Furmanova) of Almaty city, for 20 minutes,
4 times a day, we collected complete information
on the traffic intensity of each calculated type of
transport (Figure 1) The studied section of the
road is 500 meters. After analyzing the dataset
obtained using statistical indicators, the main
conclusions were drawn regarding the dynamics of
traffic intensity on urban roads. The results of the
calculations for this period are presented in figure 2.

Figure 2 — The degree of traffic intensity during the study period
on the researched streets of Almaty

According to the results of the study on the degree
of traffic intensity, the largest number of motor
vehicles in Almaty falls on cars along Raiymbek
(30.4%), Ryskulov (28.1%), Sain (24.3%) and Al-
Farabi avenues (12,8%), the smallest number of cars
falls on Seifullin avenues (5.7%) and Nazarbayev
avenues (5.5%). If we look at trucks, the largest
number of them falls on Ryskulov (28.1%),
Raiymbek (24.1%), Sain (22.4%) and Al-Farabi
(12.7%) avenues, the smallest number to Seifullin

40

Avenue (7.2%) and to Nazarbayev Avenue (5.2%)
(Figure 1). The largest number of cars, namely
77102 units, was observed along Raiymbek avenue.
The smallest number of cars was observed along
Nazarbayev Avenue — 13372 units. The next item of
the study is the calculation of the main emissions of
toxic substances into the air by vehicles according
to the formula «calculation of emissions of harmful
pollutants into the atmospheric air of the Republic
of Kazakhstany.
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_ -3
M, =g, 0,10

gipj is the emission standard of the I-th pollutant of
the j-th calculated type of vehicle when using the
P-type of fuel, g/ kg.

Qpj-consumption of motor fuel of the P-th type
by vehicles of the j-th settlement type for a certain
period, tons [1];

As noted above, according to the study, the
largest amount of road transport in Almaty falls on
Raiymbek avenue. Using the methodology that was
given by us earlier, we calculate the main emissions
of pollutants for Raiymbek avenue. I would like
to emphasize that using this method, we obtain
indicators of pollutants that are directly proportional
to the number of vehicles (traffic intensity).

Figure 3 — Euro (0)-P emissions of motor vehicles

As can be seen from Figure 3, we recorded 6,080
cars on Raiymbek Street for 20 minutes on 21.07.21
at 18:00 in the evening, of which 185 wvehicles
were trucks. Accordingly, they had the following
indicators:

Euro (0) - P

M(CO) = 3465 + 1000 - 0,25 - 250 -10° =216,5 -10°
M(VOC) = 3465 = 1000 - 0,25 - 31 -10* =26,85 - 10~
M(NO,) = 3465 + 1000 - 0,25 - 30 -10~* = 25,98 - 10
M(SO,) = 3465 + 1000 - 0,25 - 0,54 -10° = 0,4677 - 10
M(CO,) = 3465 + 1000 - 0,25 - 2670 -10° = 2312,8 - 107

Euro (1) - P

M(CO) =2615+1000 - 0,35 - 21,5 -10°=19,67 - 10°
M(VOC) =2615 <1000 - 0,35 - 2,4 -10°=2,196 - 103
M(NO,) =2615+1000 - 0,35 - 5,8 -10° = 5,308 - 10"
M(S0,) =2615+ 1000 - 0,35 - 0,54 -10° = 0,494 - 107
M(CO,) =2615+1000 - 0,35 - 3120 -10? = 2855,5 - 107

Euro (0) — D 3500 kg (light)

M(CO) = 140 + 1000 - 0,14 -30 -10°* = 0,588 -10*
M(VOC) = 140 = 1000 - 0,14 -10 -10*= 0,196 -10*
M(NO,) = 140 + 1000 - 0,14 -50 -10~* = 0,98 - 10~
M(PM) = 140 + 1000 - 0,14 - 4 -10°=0,0784 107
M(SO,) = 140 + 1000 - 0,14 - 1,6 -10° = 0,0313 -10°
M(CO,) = 140 + 1000 - 0,14 - 3020 -10°* = 59,19 -10°
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Euro (1) — D 3500 kg (heavy)

M(CO) =123+ 1000 - 0,10 - 8,6 -10*=0,105 - 10°
M(VOC) =123 +1000 - 0,10 - 4,3 -10* =0,0528 - 103
M(NO,) =123 + 1000 - 0,10 - 25 -10° = 0,307 - 107
M(PM) =123 + 1000 - 0,10 - 1,4 -10*=10,0172 - 10°
M(SO,) =123+ 1000 - 0,10 - 1,6 -10° = 0,0196 - 107
M(CO,) = 123 + 1000 - 0,10 - 3090 10~ = 38,007 - 107

Thus, for Raiymbek Avenue, we calculated the
indicators of the main emissions of pollutants from
cars of the ecological class Euro 0 and Euro 1 on
gasoline fuel and the indicators of the main emissions
of pollutants from trucks of the ecological class
Euro 0 and Euro 1 on diesel fuel. The calculation
results showed that among all the polluting
components that were emitted into the atmosphere,
the largest amount is carbon monoxide CO, (91%).
The pollutant component CO, from passenger cars
of the Euro (1)-B emission class was emitted into
the atmosphere in a smaller amount than emissions
from Euro (0)-B vehicles. Among the pollutants
from Euro (1)-DL trucks, carbon monoxide CO,
emissions are the highest (94%) compared to Euro
(0)-DL trucks. In the air basin of the city of Almaty,
emissions of polluting components CO, VOC, NOX,
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SO,, and PM are in a smaller amount compared to
carbon monoxide.

As noted above, the most important environ-
mental problem of the city of Almaty is air pollution.
Specific natural and climatic features, the low level
of natural blowing of the study area affect the degree
of growth of toxic substances in the surface layer

Figure 4 — Smog over Almaty

The high level of pollution is due to both
natural and climatic features of the area, and
anthropogenic impact on the environment. The
air quality is assessed by comparing the measured
concentrations with the maximum allowable

of the atmosphere, which leads to the formation of
smog (Figure 4).

The determining pollutants of the air basin for
the city of Almaty are carbon monoxide, nitrogen
dioxide, sulfur dioxide and impurities, which to a
large extent have a negative impact on the health of
the urban population (Figure 5).

3%
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Figure 5 — The main pollutants
of the atmospheric air of Almaty (2021)

concentrations. The table below shows information
on the content of harmful substances in the air
basin of Almaty for the last 2017-2020 according
to the statistics of the hydrometeorological service
(table 1).

Table 1 — Maximum permissible concentrations (MPC) of atmospheric pollution by pollutants in 2017-2021 in the city of Almaty

Atmospheric 2017 2018 2019 2020 2021

pollutants MPC a.d | MPC m.s | MPC a.d | MPC m.s | MPC a.d | MPC m.s | MPC a.d | MPC m.s | MPC a.d | MPC m.s
s;‘;‘i’:g:e(‘:lus ) 1,1 3,5 11 52 1.1 1.8 1,0 1,9 1,1 2,5
Sulfur dioxide 1,1 35 2,5 4.0 2.6 4.0 1,6 4,8 0,7 3.8
Nitrogen dioxide 1,8 2,5 1.5 9,1 1.6 9,5 1,7 48 2,1 3,1
Formaldehyde 1,2 1,2 1.2 1.0 1.4 1,0 1,3 0,7 12 0,9
Carbon monoxide 4,1 2.5 32 0,2 5,1 0,4 2,1
Phenol 1,4 1.0 1.0 0,4 1,3 0,4 0,8

As can be seen from the above data for the
specified period for the city of Almaty, the most
severe air pollution occurs in 2019. The average
concentration of pollutants: suspended solids (dust)
— 1.1, MPC, sulfur dioxide — 2.6, MPC nitrogen
dioxide — 1.6, MPC formaldehyde — 1.4. The
concentration of heavy metals and other pollutants
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did not exceed MPCa.d.,, the maximum one-time
concentration of nitrogen dioxide pollutants was
9.5. MPCm.s. of fine suspended particles PM-2.5 —
6.3, MPCm.s. of sulfur dioxide — 4.0, MPCm.s. of
small suspended particles RM-10 — 3.5, MPCm.s.
of carbon monoxide — 3.2, MPCm.s. of nitric oxide
— 1,8, MPCm.s. of suspended substances (dust) —
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1,8, MPCm.s. of phenol — 1,0. The concentration
of other pollutants did not exceed MPCm.s.. The
concentration of other harmful substances did not
exceed the maximum permissible norm.

The figure below shows the dynamics of the
state of changes over ten years of air pollution in
the city of Almaty according to Kazhydromet data
(Figure 6).

A7 11,5
10,5 ‘0
1 9.1
o] b
- 7 7 7
I | | I | I

Figure 6 — Atmospheric pollution index (APL) for Almaty for 2010-2020

Itis known that the city of Almaty, in comparison
with other cities of the republic, is characterized by a
high level of air pollution. If we consider the level of
atmospheric pollution by the value of the complex
index calculated for the five substances indicated
in Table 5, then this index has somewhat settled in
recent years, but it still remains high. From the table,
you can see the decline in the index from 8.0 to 7.0
in the period from 2015 to 2020 [10, 11].

Conclusion

Thus, as our studies have shown, observing the
number of passing cars in 20 minutes in the city
of Almaty, the share of road transport in the total
number of emissions was more than 35%, which
indicates that vehicles are the main air pollutant.
The result of the calculations showed that the
intensive load on the urban transport network is
carried out on weekdays, during the daytime. The
highest concentration of vehicles is observed on
Raiymbek, Ryskulov, Sain, Al-Farabi avenues.
It should be noted that the air basin of the city of
Almaty is determined by a high level of pollution.
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The air pollution index (API) was 7.0. It has been
established that the territory of the city of Almaty is
heterogeneous in terms of the level of air pollution.
So, against the background of a decrease in the
complex indicator of atmospheric air pollution
IZAS on average for the city, in certain districts of
the city where observation posts of the Kazhydromet
system are installed, on the contrary, its growth is
observed. It should also be noted that the dynamics
of changes in the level of atmospheric pollution over
the past 10 years has not been stable. It is possible
to single out a period of API decrease (from 2015 to
2021) and rise (2010-2014). The main components
of air pollution in Almaty are dust, sulfur dioxide,
carbon monoxide, nitrogen dioxide, phenol and
formaldehyde, the average concentrations of these
chemical elements are several times higher than the
maximum allowable concentrations. To improve the
environmental situation of the city of Almaty, it is
necessary to act in three main areas, including: the
greening of vehicles, the reduction of air pollution
from stationary sources, including the gasification of
the private sector, the preservation and development
of the green fund.
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