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Brimonnen aHaIu3 OCHOBHBIX baxTopoB
HEraTUBHOI'O BO3JICHCTBHS JIOPOKHOU
TPAHCIIOPTHOM CETM Ha DJKOCUCTEMY TIOpOJa.

ABTOpaMHU NIpeUIOKEHA MPOrpaMMa MepONpUATUN
IO CHUXKEHHIO BBIOPOCOB 3arpsi3HSIOIIMX BEIIECTB
TPaHCIIOPTHBIM 3aKII0Yarolascs B
ONTUMU3ALMKU  DKOJIOTMYECKUX  XapPAKTEPUCTHUK
napkKa IacCaXUpCKoro tpaxcropra r. PocroBa-na-

Hony,
9KOHOMMYECKOH 3(PPEKTUBHOCTH.

IIOTOKOM,

H [OpeacTtaBJiCHa OLOCHKa €€ 5SKOJIoro-

KaioueBble ciioBa: OKpyXarolias cpe/ia, BHIOPOCHI
ABTOTPAHCIIOPTA, TEXHOTCHHOE BO3JICHCTBHE Ha
9KOCHCTEMY, 3arps3HSIOIINE BEIIECTBA, JKOJIOTO-
IKOHOMHYECKAs OLICHKA, nmporpamma
MEPOTPUATHIA, IKOHOMUYECKAst YPPEKTUBHOCTD

BBenenue. [lopoxnas tpancnoptHas cetb (ITC)

ABJIIETCS OJHUM U3 OCHOBHBIX 00pa3yroIINX

JJIEMEHTOB  TPAHCIOPTHOM,  WHXXEHEPHOM W
colMambHOW  MHQpACTpyKTypbl  ropoaa. B
COBPEMEHHOM T'OpOJIE C HACEJIIEHUEM CBBIIIE | MIIH
YeJOBEK OCHOBHBIM  (DaKTOPOM  TEXHOTEHHOMH
OIACHOCTH SBJIAETCS BO3/JIEHCTBUE
aBTOTPAHCIIOPTHBIX CPEICTB (ATC) Ha
OKPY’KaIOIIYIO cpeny (0C). Exeronnsie
HCCJIEIOBaHMs TOKa3bIBalOT, yTo B PocroBe-Ha-
Jony, kak u B Jnpyrux ropomax Poccum c

HaceleHueM Oosee | MIIH 4elnoBeK, BBIOPOCHI
MEepeBMKHBIX HCTOYHHUKOB COCTaBIAIOT 90% wu

O0ojee OT CyMMapHOHW OMHCCHHM  BPEIHBIX,

TOKCHUYHBIX u KaHIICPOTrCHHLIX BCIICCTB B

aTMocgepHbIi Bo3ayx [1].
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The article provides the analysis of the main
factors of negative impact of road transport
network on the city's ecosystem. The authors
propose a plan of actions to reduce traffic flow
pollutant emissions, which consists in the
optimization of the environmental performance
of passenger transport park of Rostov-on-Don,
and the assessment of its environmental and
economic efficiency.
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Introduction. Traffic network (TN) is one of
the major forming elements of transport,
engineering and social infrastructure of a city. In
a modern city with a population of over 1
million people the main factor of technological
risk is the impact of motor vehicles (MV) on the
environment (E). Annual studies show that in
Rostov-on-Don, as in other cities of Russia with
population of over 1 million people, emissions
from mobile sources are 90% or more of total
emission of harmful, toxic and carcinogenic

substances in atmospheric air [1].
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Ananms IKOJIOTHUECKHX noxKasareJieit The ecological indices analysis of different
Pa3MYHbIX BHJIOB TOIUIMBA. AmnHamu3 [2] fuels. The analysis [2] shows that more than

nmokaseiBaeT, 4ro Oosee 80% 3arpsa3HSIONIMX
BemectB (3B) B orpaborannbix raszax (OI)
aBTOMOOMIIEH MPUXOIUTCS Ha BBIOPOCHI
OCH3MHOBBIX ABUTraresnel. /J(uzenpHoe TOIUIMBO NpU
C)KMIFAaHUU B JBUTaTeJ€ BHYTPEHHETO CrOpaHus
(ABC), paxe c yderoM TMpUCATOK B BHUJE
METAJIJIOOPTaHUYECKUX XMMHUUYECKUX COEIMHEHUN
Wik Ha OapueBON OCHOBE, SIBJISETCS 3HAYUTEIBHO
MEHBIINM UCTOYHHUKOM TOKCHYHBIX BHIOPOCOB, YeM
OensuHoBoe. Ho Ha mpakTHKe HHU3KOE €ro
KayecTBO, CE30HHOE HECOOTBETCTBUE MapOK U
HECTaOUJIbHOCTh PETYJIUPOBOYHBIX XapaKTEPUCTHK
toruiiBHON anmnaparypel ATC, pabotaromux Ha
JU3€JIbHOM TOIUIMBE, NPUBOAAT K 3aBBILICHHBIM
BbIOpocaM BpenHbix BewectB ¢ OI. I'a3oBoe
TOIUIMBO 00JIaJJa€T BBICOKMMH HSKOJIOIMUECKUMU
MOKa3aTesiIMi  (3HAYUTENIbHO CHMXKAeTCs BBIOpOC
OKCHJIa YTJIepoja, HEMETAHOBBIX YIJIIEBOJOPOOB,
OKCHJIOB a30Ta W TBepiablXx wyactuil). [losromy,
OMUMO 3KOHOMHYECKHX (akTopoB, nepeson JABC
Ha 3TOT BUJ| TOIUIMBA JAUKTYETCS HEOOXOAUMOCTHIO
YMEHBIIECHUS 3arpsi3HEeHus BO3/yXa, B
OCOOEHHOCTH B KpPYIHBIX Topofax ¢ OO0JbIIUM
napkom aBromoousei [3, 4].

OcHoBHbIE paxTopsl HEraTUBHOI'0
Bosaeiicreusa JITC Ha 3kxocucremy. B ycnosusax
HOCTOSIHHOTO YBEIMYEHHsI aBTOMOOMJIBHOTO MapKa
U HECOOTBETCTBHSI TOPOJACKOW JOPOKHOM CETH
COBPEMEHHBIM  TpeOOBaHMSM  aBTOTPAHCIIOPT
CTAHOBUTCA  OJIHOM W3  OCHOBHBIX MPHYUH
YBEJIIMUECHHUSI TEeXHOTeHHOM Harpy3ku Ha OC.
Texnorennoe Bozaeiicteue JTC Ha skocuctemy
ropozaa KOMIUIEKCHBIN
OCHOBHBIM BUJAaM BO3/I€HCTBHS aBTOTPAHCIIOPTA HA
IPUPOJHYIO CPENy CJIEIyeT OTHECTH HapylIEHUE
€CTECTBEHHOM  LEJIOCTHOCTH  DKOCUCTEM U

TEeppUTOpU  (MU3MEHeHHe JaHamadToB,

HOCHUT xapakrep. K

IOYB,

TUIPOJIOTUYECKOTO pexnMa TEPPUTOPHIA,

VHUYTOXKEHHWE OWOTBI H  JAp.), 3arps3HEHHE
atMocdepsl,  THapochepsl M JUTOCHEPHI.
VBenuuenue uyucna skcruryatupyembix ATC Ha
TEpPPUTOPUH, HCKYCCTBEHHO 3aHMIKaeMast
MPOIMYCKHAsl CIIOCOOHOCTh IEHTPAIBHBIX YIUIl (B

YaCTHOCTH, IPUMIAPKOBAHHBIMUA aBTOMOOUIISIMU), U,

80% of polluting substances (PS) in the exhaust
gases (EG) are gasoline engines emissions.
internal

Diesel fuel combustion in the

combustion engine (ICE), even with the
additives in the form of metalloorganic chemical
compounds or barium-based compounds, is a
much smaller source of toxic emissions than
gasoline. But in practice, low quality, seasonal
mismatch of brands and instability of regulating
characteristics of MV fuel equipment, that
operate on diesel fuel, lead to high emissions of
harmful substances with EG. Gas fuel has a high
environmental  performance  (significantly
reduced emissions of carbon monoxide, non-
methane hydrocarbons, nitrogen oxides and
particulates). Therefore, in addition to economic
factors, operation of engine on this type of fuel
is dictated by the need to reduce air pollution,
especially in large cities with a large car park [3,

4].

The main factors of TN negative impact on
ecosystem. In the context of ever-increasing car
park and discrepancy between urban road
network and modern requirements, vehicles are
one of the main reasons for technogenic load
increase on E. The impact of TN on the city's
ecosystem is complex. The main types of impact
of transport on the environment include
disruption of the natural integrity of ecosystems
and territories (change of landscapes, soils,
hydrological regime of the territories,
destruction of biota, etc.), pollution of the
atmosphere, hydrosphere and lithosphere. The
increase in number of operated MV on site,
artificially lowered capacity of main streets (in

particular, by parked cars), and as a result, a lot
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KaK CICJCTBUE, MHOTOYUCIICHHBIC JOPOXKHbBIE of traffic jams on the road network of the city
3aTOPBl  HA  YJIMYHO-JIOPOKHOH ~ CETH  Topona contribute to the reduction of traffic, cause
CTI0COOCTBYIOT CHIDKCHHIO HHTCHCHBHOCTH trouble to operation of public transport [2]. The

JBUKEHUS, 3aTPYAHAIOT 3KCIUTyaTallUu0 . o .
obmecTenHoro  Tpamcmopra [2].  HauGornee most intense negative impact of TN is on the
UHTCHCHBHOE HeratuBHoe BozzaeiictBue JITC atmosphere [1]. Among the main factors of

okasbiBaeT Ha atMocdepy [1]. B uncie ocHOBHBIX
(bakTOpOB 3arpsi3HEHUS OKPYKAIOMIEH NPUPOIHOM
cpenbl cieayer oTMeTuTh: 3B, conepxkamiuecss B
BbIOpocax OI' aBTomMoOMIIeH (OKCHIIBI a30Ta, OKCH/I
u nuokcup yriepoga — CO u COz, AMOKCH]T CEPBI,
yriaeBonopoabl, caxka — C, TomauBHAs 304,
oenzanupen — CyoHiz u apyrue); nbuib (IPOIYKT
UCTUPAHUS JOPOKHOTO TIOJOTHA, IMHEBMOIIWH W
TOPMO3HBIX KOJIOJIOK; ACe(IIAINUA TIePEBO3UMBIX
rpy308);
UHPPa3BYKOBOE M 3JIEKTPOMArHUTHOE). XapakTep

¢usnyeckne mosss  (aKyCTHYECKOE,

)51 WHTCHCHUBHOCTH BJIMAHUA MNEPCUUCIICHHBIX
(1)aKTOpOB 3aBUCAT OT HMHTCHCHUBHOCTH, CKOPOCTHU
JABHKCHHA W COCTaBa TPAHCIOPTHOI'O IIOTOKaA,

quciia 11oJIoC ABUKXCHHUA U IIP.

Pa3padorka nporpaMMbl MepPONPHATHH 110
CHM:KeHUI0 BbIOpocoB 3B  TpaHcnmopTHBIM
MOTOKOM. AHaJIN3 BO3MOXHBIX HHCTPYMEHTOB

VIY4IICeHUs KadecTBa arMoc(epHOro Bo3ayxa
BOJM3M aBTOMArucTpajied TMokazaja, uTo JUiA
JOCTHKEHHUSI ~ MaKCHUMallbHOM 3] dexTuBHOCTH
TOpPOJICKOM MPUPOTOOXPAHHOMN MOJIUTUKU
HE00X0 MO pUMEHEHUE KOMIUIEKCa
aJIMUHHUCTPATUBHBIX, YKOHOMHYECKUX,
TEXHUYCCKHUX )51 IMJIAaHUPOBOYHO-

IPAOCTPOUTEIBHBIX MEPOIPHUATUN 10 CHUKEHUIO
BbIOpOCOB 3B.

ABTOpaMH TNpOBEJIEHAa HKOJIOr0-3KOHOMHYECKAast
OLICHKA IIPOrpPaMMbl MEPOIPUATUN IO CHUKCHHUIO
BBIOPOCOB 3B TPAHCIIOPTHBIM
3aKJIIOYAIOIIENCd B ONTUMU3ALUU DKOJIOIMYECKUX
XapaKTEPUCTHUK I1apKa IaCCAKUPCKOr0 TPAHCIIOPTA
r. PocroBa-na-/lony. bblmu paccMOTpeHBI TpH

IIOTOKOM,

BapHAaHTa CpPEAO3alUTHBIX JAeicTBuil: M1 —
nepeBo  50%
neurarensimu U 100% mMukpoaBTOOyCOB Ha ra3oBoe
tornBo; M2 — 3amena 50% aBTOOyCcOB ¢

aBTOOYCOB €  JU3EIbHBIMHU

TU3eTBbHBIMU JBUTATENSIMU Tpouieiioycamu; M3 —
KOMIUIEKCHOE BHeApeHue BapuaHToB M1 m M2.
3¢ (HeKTUBHOCTH

Onenka MIPUPOAOOXPAHHBIX

environmental pollution are: PS in the exhaust

gas emissions (nitrogen oxides, carbon
monoxide and carbon dioxide CO and CO,,
sulphur dioxide, hydrocarbons, soot, fuel ash,
benzopyrene — CyHi, and others); dust (the
product of roadway abrasion, pneumatic tires
and brake pads; deflation of transported goods);
fields

electromagnetic). The nature and intensity of

physical (acoustic, infrasound, and

influence of these factors depend on the
intensity, speed and composition of traffic,
number of lanes, etc.

The development of a plan of actions to
reduce PS emissions by traffic stream. The
analysis of possible measures to improve air
quality near highways has shown that to achieve
maximum performance of urban environmental
policy it is required to use a complex of
administrative, economic, technical and
planning-urban  measures to reduce PS
emissions.

The authors have conducted an ecological-
economic evaluation of the plan of actions to
reduce PS emissions by traffic stream, which
consists in the optimization of the ecological
indices of passenger transport park of Rostov-
on-Don. Three options of environmental actions
have been considered: M1 — the transfer of
50% of buses with diesel engines and 100% of
vans to gas fuel; M2 — the replacement of 50%
of buses with diesel engines by trolleybuses; M3
—comprehensive implementation of M1 and
M2. The evaluation of the effectiveness of
environmental activities has been conducted by
two parameters: mass flow of PS,
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MEPONPHUSITHIA MPOBOUIIACH 10 ABYM MMOKA3aTEISM:
MaccoBbIil pacxoa 3B, ycinoBHO B Kr/c (10 MeToay
[5]), wm ymepo OC, w™iH
pyOneit/ron (¢ HWCHOMb30BaHUEM METOAUKH [6]).
PaccunteiBanacek smuccusa CO, C, CyoHyo. Anamus

SKOHOMHUYECKUI

3P PEKTUBHOCTH IIPOrpPaMMbI CHW)KEHHUS
TEXHOTEHHOM HAarpy3kd Ha 53KOCHUCTEMY Topoja
noKasaJl, 4YTO IpH BHEAPEeHHH Bapuanta M1

3HAQYUTEIIHO CHU3WIINCH BBIOpPOCHI 3B
MukpoaBroOycamu (Ha 46,2%) [7]. H3menenue
MaccoBOI'O pacxoja TOKCHMKAaHTOB aBTOOycaMu
okazajnoch HezHauuTenbHbIM (0,02% npu ycnoBuu,
YTO aBTOOYCHI C Ta30BBIMU JIBUTATENIMUA paOdOTaAIOT
MpU TOM K€ OTHOCHUTEIBHOM MOIIHOCTH, YTO M
JIu3ebHbe). B 1eIoM mpou3ouuio yMeHbIIEHHE
BbIOPOCOB BpPEIHBIX BELIECTB NMpPUMEPHO Ha 9%.
DOkoHOMHUYecKass APPEKTUBHOCTD
594,05 wumH  pyo6nei/ron. Ilpum
BHeJpeHuu Bapuanta M2 smuccust 3B aBrobycamu
cHmkaercs Ha 5,4% mnpu oOmeM yMeHbIIEHU!
BBIOPOCOB  TpaHcmopTHOro motoka Ha 0,7%.

OKOHOMUYECKUI ymep6 9KOCUCTEMC IIpU 3TOM

MEPOIPHUATHS
COCTaBHJIA

cHmkaercs Ha 45,31 wmun pyoOnei/ron. Ilpu

BHEJpeHUN BapuaHTa M3 BBIOpPOCHI BpEIHBIX
BEIIECTB TPAHCHOPTHBIM IOTOKOM COKpAIAIOTCs
Ha 9,7% TpU CHUKEHUU SKOHOMHUYECKOTO yIiepoa

OC na 639,36 muH pyOeii/ron.

3ak/roueHue. Haubonee 3¢ (HeKTUBHBIM
BapuanToM 3anmTel OC  OT  HEraTMBHOTO
Bo3zaedcTBus  OI'  aBTOTpaHcmopTra  sIBIsSETCS
KOMIUIEKCHOE BHeApeHue Meponpusatuii M1 u M2:
nepeBol 50%  aBTOOYCOB C  JAM3EIbHBIMHU
JIBUTATEJIIMH Ha ra30oBO€ TOIUIMBO, 3ameHa 50%
JU3eIbHBIX aBTOOYCOB TpoiuieiidycaMu U mepeBoj
100% MHKpOaBTOOYCOB B TpPAaHCIOPTHOM IOTOKE
Ha  Tra3oBoe TomIMBO. Teopernyeckas U
NpakTUYecKas 3HAUYMMOCTh HACTOsIIEeH paboThI
3aKJIIOYAeTCs B COBEPIICHCTBOBAHMM  OLIEHKU
HeraTuBHOro Bo3zzaeWcTBuss Ha OC u ammapara
TPUHATHS pereHuit npu OTIpe/ielIeHu !
NPUOPUTETHBIX HanpaBJIeHUH CHIKCHHUS
AQHTPOIIOTEHHOI'0  BO3/ACHCTBUS Ha JKOCUCTEMY
ropoga. Pe3ynpTarhl HccnenoBaHuss MOTYT OBITh
UCIOJB30BaHbl Il CHUXKEHHUS SKOHOMHYECKOTO

yiep6a oT BHIOPOCOB aBTOTPaHCIIOPTA.

conventionally, in kg/s (according to the method
[5]), and economic damage to E, million
rubles/year (using the methods [6]). Emission of
CO, C, CyHj, has been calculated. The analysis
of the effectiveness of the program to reduce the
anthropogenic load on the ecosystem of the city
has showed that the introduction of M1 decrease
significantly PS emissions by vehicles (by
46.2%) [7]. The change in the mass flow of
toxicants by bus turns out to be insignificant
(0.02 percent, provided that the buses with gas
engines operate at the same relative power as
diesel). Overall, there is a reduction of harmful
emissions by about 9%. The economic
efficiency of the measures amounts to 594.05
million rubles/year. With the introduction of
M2, PS emissions by buses were reduced by
5.4% with a total emission reduction of traffic
flow by 0.7%. Economic damage to the
ecosystem is thus reduced by 45.31 million
rubles/year. The introduction of variant M3
reduce emissions by traffic flow by 9.7% while
reducing economic damages to E by 639.36
million rubles/year.

Conclusion. The most effective way to protect
the environment from the negative impact of PS
vehicles is a comprehensive implementation of
measures M1 and M2: transfer of 50% of buses
with diesel engines to gas fuel, replacment of
50% of diesel buses by trolleybuses and the
transfer of 100% of minibuses in transport flow
to gas fuel. Theoretical and practical
significance of this work is to improve the
assessment of negative impact on the
environment and the decision-making body in
determining priority areas of human impact
reduction on the ecosystem of the city. The
results of the study can be used to reduce

economic damages from vehicles emissions.
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