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Abstract. The question of efficiency of transport
systems is one of the actual questions of present time.
Performing the duty from moving loads and providing the
various blessing for an economy and population, transport
become a source of the strongest contamination of
environment simultaneously. Accordingly, to the basic
task of "green" logistic, which consists in balancing of
ecological and economic problems, in determination of
optimal decisions at that at unchanging (or near to them)
charges it is sorry inflicted by transport it will be an
environment.

The studies about a factor is undertaken in the
article, that influence on efficiency of transport systems of
cities, especially from the point of view of ecological
constituent, and mathematical model have built, that
allows to put and decide the task of forming and
optimizations of functioning of transport systems of cities.
Realizable practical development of complex algorithms
that give an opportunity to expect the parameters of
transpor- ecological processes, that is optimized with the
aim of reduction of ecological contamination of city.

Influence of a transport factor on the environment of
city is considered on the example of city Mykolaiv, that
has the wide, powerful system of transport, permanent
freight and passenger streams and middle level of
ecological contamination. For the complex decision of
transport- ecological problems cities are applied approach
is built on a pine methods of the dynamic programming
and imitation design. His application does possible to put
a task to optimization of functions of traffic control on the
backbone network of transport highways with the
different degree of working out on detail of municipal.

Key words: economy, environmental friendliness,
routing, optimization, harmful emissions.

Introduction

The issue of transport system efficiency is one of the
most pressing issues of today. While performing its
function of moving goods and providing various benefits
for the economy and the population, transport on the same
time is one of the sources of the most serious
environmental pollution. It is the main acoustic
disturbance and pollutant of the atmosphere and

hydrosphere. According to estimates by foreign experts,
transport accounts for more than 24% of the total carbon
dioxide emissions on the planet [16], 27% of greenhouse
gas emissions [11]. Transportation is also a major source
of NOx, SOx, and particulate matter or fine dust [15].

Formulation of problem

The motor transport is a leader among other modes
of transport. It is a major air pollutant associated with:
large quantities of exhaust gas, solid emissions, excessive
noise, vibration waves, dust generated by wear and tear,
etc. In this regard, the introduction of "green"
technologies at any stage of transport and logistics
activities will make a significant contribution to
maintaining the climate on the planet, suitable for human
life.

Analysis of recent research results

The analysis of scientific literature showed that in
general understanding of the essence of "green™ logistics
formed, defined principles and system of indicators of
environmental effect of logistics activities, which
testifies to the formation and development of the
concept of "green” logistics. And if the main function of
traditional logistics is to coordinate all types of logistics
activities to meet the needs of customers with minimal
cost [10], in green logistics, companies pay more
attention to external externalities related to climate
change, air, water and soil pollution. in order to strike a
sustainable balance between the economy, the
environment and society.

In recent years, problems of "green logistics" have
been given sufficient attention by both foreign and
domestic scientists [5; 12; 14] and many others.

For the purposes of our study, we identify those
that are directly related to research on the environmental
impact of transportation for residents and ways of
overcoming it. Among these studies, the work of
M. Averkina [1], A. Hnatov, Shch Argun, and
O Ulyanets [2; 3], O. Stepanchuk and A. Belyatinsky
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[8], S. Bellekom [9], W. Xiaogang, H. Chen and
Ch Jingfu [13].

Purpose of research

The purpose of the study is to learn the factors that
affect the efficiency of urban transport systems, especially
from the point of view of the environmental component,
and to build a mathematical model that allows to set and
solve the problems of forming and optimizing the
functioning of urban transport systems. Practical
development of a set of algorithms that allow to calculate
the parameters of transport-ecological —processes
optimized to reduce the environmental pollution of the
city.

Results of research

The influence of the transport transport factor on the
environment of the city is examined by the example of the
city of Mykolaiv, which has a wide, powerful transport
system, which has included into its system all types of
transport.

Mykolaiv region is an important center of national and
international transport complexes. The length of solid
roads is more than 4.8 thousand km.

Considering the indicator of freight traffic of road
transport in Nikolaev and the region. (Fig. 1) we note that
from 2010 to 2018, no significant changes occurred, with
each year the turnover slowly increased.

Freight traffic by road
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Fig. 1. Freight traffic by road, thousand tons.

Source: data from the main statistics department data
in the Mykolaiv region URL:http://www.mk.ukrstat.
gov.ua.

With the exception of 2011, when the turnover in the
city was 1580694 thousand tons, and in the Mykolayiv
region it was equal to 2156045 thousand tons, which is
70-80% above the average.

Analysis of the volume of goods transported by road
in the city of Mykolaiv and Mykolaiv region (Table 1)
shows that no significant changes have taken place either.
Comparing the volume of transportation in 2018 with
2010, one can find an increase in Mykolayiv by 16.9
thousand tons, and a fall in the volume of transportation
in the region by 522.2 thousand tons.

Inhabitants of Mycolaiv always took care of the
ecological state of the city. The actual distribution of the
use of modes of transport in Mykolayiv shows that public
and individual transport accounts for 60.9% of the total

(Fig. 2)

Table 1. The volume of goods transported by road, thousand tons.

Region 2010 2011 2012 2013 2014 2015 2016 2017 2018
I'}:;%c:alv 21866 21835 20540 19469 19404 19485 22971 20498 21344
Mycolaiv 7222 8374 6756 6715 6611 7433 7598 6797 7239

Source: data from the main statistics department data in the Mykolaiv region URL.:http://www.mk.ukrstat.gov.ua.
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Fig. 2. Current distribution of use of modes of
transport in Mykolaiv.
Source: Compiled by the authors.

It should be noted that the Nikolaev area is not
included in the list of regions with high pollution of
atmosphere in the absence of the enterprises of the
chemical and coal industry. Indicators of the level of
technogenic load on the environment of the Mykolaiv

region are lower than the average in Ukraine. According
to the Ecology Department in Mykolaiv region, in 2018,
13,098 thousand tons of atmospheric air from stationary
sources of pollution were received, which is 7.6% (1080
tons) less pollutants than in 2017. This is due to the
reduction of emissions during the transportation of
methane to the Mykolayiv LWUMG of PJSC
"UKRTRANSGAZ" and PJSC "Mykolayivgaz" [6]. The
largest share in the structure of hazardous emissions is
made by the processing industry 41.4%. Emissions from
transport, warehousing, postal and courier activities
account for a large proportion, nhamely 17,7%. Emissions
from agriculture, forestry and fisheries account for the
smallest share in the cost structure, accounting for 6%.
(Fig. 3).

In view of the above, we can say that the amount of
emissions into the atmosphere from the operation of
transport is quite high and significant in the overall
structure. Therefore, control bodies and administrations
of the region need to take measures to reduce these
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indicators, which will further improve the environmental
status of the city and the region as a whole.
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Fig. 3. Emissions of pollutants into the atmosphere by
type of economic activity.
Source: data from the main statistics department data
in the Mykolaiv region URL:http://www. mk. ukrstat.
gov.ua.

The main problem for residents of the city of
Nikolaev is the problem of transit traffic. Trucks moving
grain crops and industrial loads from Kherson, Odessa,
Kiev, Dnipro, Kropyvnytskyi, Mariupol, Zaporizhzhya
should pass through the historical center of the city of
Nikolaev. Due to the fact that in the south of Ukraine the
cities were built densely enough, there are no free
corridors in the residential and industrial zones of
Mykolayiv for the construction of new motorways. The
city has a partial detour that combines roads to Kiev,
Kropyvnytskyi, Kryvyi Rih and Kherson, bypassing the
road to Odessa sideways (Fig. 4).

Analyzing the scheme of freight transport in
Mykolaiv, we can say that the Varvarovsky and Ingulsky
bridges, which are bridges of international destination, the
historical center of the city is quite loaded, especially a
large amount of congestion in the season of grain exports,
which leads to a large number of harmful emissions into
the atmosphere, melting the road surface from overloaded
vehicles.
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Source: project concept: integrated development of Mykolayiv.
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Fig. 5. Factors affecting the performance of SCls.
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The complex structure of the relationship between
these factors suggests that TGC problems are complex in
nature and require a systematic approach to solving them.

However, we note that in addition to the systematic and
consistent resolution of these issues, it requires significant
financial costs for transport companies and city budgets,
which are not always ready to compensate consumers.
Therefore, in our opinion, one of the main areas of green
logistics is to balance environmental and business
(economic) problems. According to L. Gurets, "the basis for
solving problems is to develop a logistic concept of freight
forwarding services, which is based on routing” [4]. It is to
determine the optimal (not worse) solutions for which, at
constant (or close to them) costs, environmental damage to
the environment will be reduced. Such solutions are called
environmental. These include:

- reduction of the total mileage of transport during
cargo transportation;

- cargo consolidation, especially for small-shipment
cargo ("Less-Than-Truckload™" (LTL));

Hosa Ogeca

- car sharing;

- routing associated with the calculation of the time
of transportation in order to avoid traffic jams and
congestion;

- use of environmentally friendly vehicles;

- the inclusion in the transport system of cities of
intermediate points of transshipment, in which the
movement of goods from large trucks to environmentally
friendly city trucks with lower carrying capacity will be
carried out.

Taking into account the presence in Mykolayiv of a
powerful transport system with passing highways of
regional importance, relatively stable freight and
passenger flows and the average level of environmental
pollution, it is proposed to apply the approach based on
pine methods of dynamic and dynamic programming.

Figure 6 shows the scheme of the transport network
in  Mykolayiv according to which the graph was
constructed.
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In the graph (Fig. 7), the vertices (indicated by
circles) represent objects (neighborhoods of the city)
having an internal structure. The parameters of these
objects determine the level of car traffic between them
and, accordingly, the traffic load on the highways. Each
such object has its own system of inputs and outputs, and
the total inbound traffic is not equal to the output. The
second type of vertices, indicated by squares, specifies the
control and traffic routing function.

The total traffic on all inputs and outputs of such
vertices, for a certain period of time - T (management
period), should be zero. Each such vertex is given by a

Fig. 6. Scheme of the transport network in Mykolaiv.

control function, which, ideally, is periodic in time, but in
the general case, the control period can be a discrete
function of time. The topology is given by the system
connection matrix.

K=>"m +M
i=1 (D)
where: n — number of cluster vertices;
m; — degree of vertex;
M — number of routing nodes
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Fig. 7. The graph of the transport network in Mykolaiv.

Source: Compiled by the authors.

In the model considered, the edges of the graph are
sections (races) of roads (streets) of urban, district or
regional significance, which do not contain intersections,
traffic lights and entrances and exits. It is assumed that
the movement on these sections is limited only by the
properties of the vertices that connect these edges and the
parameters of the line. We will assume that the weight
parameters of the edges do not change at this interval.
Further, a vector is a set of independent line parameters
between vertices (i, j). Under the system of independent
parameters we mean a set of such characteristics of an
edge that cannot be expressed through others. Thus, with
respect to the graph (Fig. 6), the components of the
vector will be a set of matrices whose dimension is
determined by the dimension of the connectedness
matrix. Then to describe the transport-distributed system
of the city this vector can be represented in the following
form:

Rij = R(Lij’ Pij7Vij) @)
where: Ljj — matrix of lengths of sections (races) between
vertices (i,j);

Pij — matrix characterizing the capacity of the line
from top i to top j;
Vij — speed limit matrix on a given section of road /

These parameters are basic for this model in the
sense that they can be considered constant over a
considerable period of time. They can be used to
calculate boundary characteristics for constraint matrix
construction. For example, the minimum time interval of
the vehicle on the line (i, j) can be calculated by the

formula:
|_./
ty=1
A ®)

If we further introduce the parameters of filling the
road with vehicles we will be able to calculate the

7 E58

T1501

maximum number of vehicles that can be on the road at a
time. For this, suppose that | k=1.,r a set of

dimensions of vehicles that carry out traffic in a
settlement. And rijk— the probability that a vehicle is

moving in the direction (i,j), has dimensions |, Then the

average length of the vehicle, taking into account the
interval of movement A, in the direction (i,j) can be
calculated by the formula:

_ 1 <&
=2 A
@

Accordingly, the maximum number of vehicles that
can be on the highway (i, j) simultaneously

g; = Lij Pij /Iij 5)
Similarly, you can enter many of the necessary
parameters required to solve a specific problem.

Conclusions

1. Therefore, the analysis of the transport systems in
Mykolaiv showed that it has a wide, powerful transport
system, steady cargo and passenger flows and medium
level of environmental pollution. According to these
criteria, an approach is formulated in the paper that
allows to set and solve the problems of forming and
optimizing the functioning of urban transport systems.
The presented set of algorithms allows to calculate the
parameters of transport-ecological processes that are
optimized. Based on the presented approach, it is
possible to set the task of optimizing the traffic
management functions on the basic network of transport
highways with different degree of detail of municipal
objects. This problem can be solved by dynamic
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programming and simulation methods.

2. Analysis of the road transport infrastructure and
the strategic plan for the development of the city of
Mykolaiv makes it possible to summarize the main
measures that will contribute to the reduction of
atmospheric emissions and improve the ecological
condition of the city, namely: construction of a bridge
over the Southern Bug River, in order to reduce the level
of freight traffic through the historic city center ;
improving the intersection of transport at the intersection
of Zhovtnevy and railway stations, in the market area
and the Ship district of Nikolaev on the Kherson
highway by construction of bridges; laying a durable and
high quality coating on the Ingulsky Bridge, through
which the highway of international importance passes;
construction of bypass roads and system of intermediate
crossing points; development of alternative modes of
transport including cycling.
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MIAXOAU 10O OITUMIBALT ®YHKIIIOHYBAHHA
TPAHCIIOPTHUX CUCTEM MICT 3A
EKOJIOITTYHUMU KPUTEPISIMU
O. M. 3azypcwruii, A. M. Ozienko

Anoraunis. [IutaHHs e(peKTHBHOCTI TPaHCIIOPTHUX
CHCTEM € OJHUM 13 Hall aKTyalbHIHMIAX UTaHb
CBOTOJICHHA.  BHKOHyIOYH  CBOWO  (QyHKIIO 3
MepeMilIeHHs BaHTaXIB Ta 3a0e3Medyroun pisHOMaHITHI
Omara JUIT ©KOHOMIKM 1 HAceJeHHS, TPaHCIOPT
OIHOYACHO CTa€ OIHUM i3 JDKepel HaHCHIBHINIOrO
3a0pyIHIOBaHHSA HaBKOJIUIITHHOTO CepeOBHUIIA.
BiamnoBigHO OCHOBHE 3aBIAHHS «3€JIEHOI» JIOTICTHKHU
moJisirae 'y 30alaHCYBaHHI CKOJIOTIYHHX 1 €KOHOMIYHHUX
mpobJieM, y BU3HAYEHHI ONTUMAIIbHUX PIICHHS, 33 SIKUX
npu He3MiHHMX (ab0 ONMM3BKMX JIO HHUX) BHTpaTax,
LIKOJIa ~ HAaHECeHa  TaHCIIOPTOM  HABKOJHIIHBOMY
cepenoBuILy OyJie 3MEHIITYBATHUCS.

B crarTi mpoBeneHO AOCHIIKEHHS (PEKTOPIB, SKi
BIUIMBAIOTh HAa E(QEKTHBHICTh TPAHCHOPTHUX CHCTEM
MICT, 0COOJIMBO 3 TOYKH 30Py E€KOJIOTIYHOI CKJIaJ0BO1, Ta
moOyIOBaHO MATUMATHYHY MOJENb, IO JIO3BOJIIE
CTaBUTH 1 BHUpINIYBaTH 3aBOaHHA (OPMYBAaHHSA Ta
ontuMi3amii (QyHKIIOHYBaHHS TPAHCIIOPTHHX CHUCTEM
MIiCT. 3ailiCHEHa TNpPaKTHYHA pPO3POOKA KOMILIEKCY
AITOPUTMIB 1110 JIaI0Th MOJXJIMBICTh PO3PaxOBYyBaTH
mapaMeTpd TPAHCIOPHO-CKOJOTIYHUX TMPOIECiB, sKi
ONTUMI3YIOTECS 3 METOK 3MCHIICHHS EKOJOTIYHOrO
3a0pyAHEHHS MiCTa.

BmmiB TpaHCHIOPTHOTO TPAaHCIIOPTHOTO (PAaKTOPY Ha
HABKOJIMITHE ~ CEPENOBHINE MiCTa pPO3MIITHYTO Ha
MpUKIaaAi Micta MUKONAIB, IO Ma€e MOTYXKHY CHUCTEMY
TPAHCIIOPTY, CTalli BAaHTAXKHI Ta IMACa)KMPCHKI IMOTOKH H
CepelHii piBEHb EKOJIOTIYHOTO 3a0pymHeHHS. J[is
KOMILUIEKCHOTO ~ BHPIIICHHS TPaHCIIOPHO-CKOJIOTIYHUX
mpo0yieM MicTa 3aCTOCOBAaHO MigXiA TMOOyIOBaHW Ha
COCHOBI METOJIB JAWHAMIYrOro TPOTPaMyBaHHSI Ta
IMITAaIIHHHOTO  MOJEJIFOBAHHS. Horo 3aCTOCYBAaHHS
poOUTh MOXKJIMBAM CTaBUTH 3aBJaHHS ONTHMI3allii
¢GyHKOiA ympaBiiHHS pyXoM Ha 0a30Biif  Mepexi
TPAaHCHOPTHHUX  MaricTpajiel 3 pIi3HUM  CTyIeHEM
JeTanizamii MyHIIUIATbHIX 00'€KTIB.

KawuoBi cjioBa: eKOHOMIYHICTh, €KOJIOTIUHICTb,
MapIIpyTHU3allis, ONTHMI3aIlisl, IIKi MBI BUKIJIH.

MNOAXOAbI K OIITUMU3ALIMN
OYHKUMOHNUPOBAHU A TPAHCIIOPTHBIX
CUCTEM I'OPOJOB I10 5KOJIOI'MYECKUM

KPUTEPUAM
O. H. 3aeypckuii, A. H. O2uenko

AHHOTAUMSA. Bompoc 3¢ PeKTHBHOCTH
TPAaHCIIOPTHBIX CHCTEM SIBISETCS OJHUM U3 CaMbIX
aKTyaJIbHBIX BOIPOCOB COBPEMEHHOCTH. BbIMoOnHssA
CBOIO  (QYHKIHMIO MO TNEpPEeMEIIeHUI0 Tpy30B U
obecrieunBas pa3iuyHble Onara s SKOHOMHMKH U
HaceJleHHs, TPAHCIOPT OJHOBPEMEHHO CTAaHOBUTCS
OIHMM 13 HCTOYHUKOB  CHJBHOTO  3arps3HEHHE
okpysxaromteit cpensl. COOTBETCTBEHHO OCHOBHAs 3a1ada
«3EJICHO» JIOTUCTHKH 3aKIIIoYaeTcs B cOalaHCHPOBaHUU
IKOJIOTHYECKHX W  JKOHOMHYECKMX mpobiieM, B
OIIpe/IeNICHUH ONTHUMAIIBHBIX PEILCHUH, B KOTOPBIX NPH
HEM3MEHHBIX (WM ONM3KHX K HHM) pPacxojax,
HAHECCHHBIIl TAHCIIOPTOM BPEX OKpYXXaroLlell cperne
OyaeT yMeHbIIaThCsI.

B cratbe mnpoBeneHo wmcciienoBaHue (GakTopoB
BIMSIOMNX Ha 3()(EKTHBHOCTh TPAHCHOPTHBIX CHUCTEM
rOpoJIOB, OCOOEHHO C TOYKH 3pPEHHS DKOJOTHUECKOMN
COCTaBJSAIOUICH, M TOCTPOCHO MaTUMATHYHY MOJEJb,
MO3BOJIAIOIIAS CTABUTh M PeIaTh 3a1a4d GOPMHUPOBAHUS
U ONTHUMHU3aLUH (YHKIMOHHPOBAHHS TPAHCIIOPTHBIX
cucteM  roponoB.  OcymiecTBieHa  MpaKTHYeCKas
pa3paboTKa KOMIUICKCAa aJITrOPUTMOB  ITO3BOJISFOLINX
PacCUUTHIBATH MApaMeTphl TPAHCIIOPHO-IKOJIOTHYECKHX
NPOLIECCOB, KOTOPbIE ONTUMHU3UPYIOTCS C  IIEJBI0
YMEHBIIECHHUS 9KOJIOTHYECKOTO 3arps3HEeHHs TOPOIa.

BnusiHue TpaHCIOPTHOTO TPAaHCIOPTHOro (hakTopa
Ha OKpYXAaIOUIyl0 Cpely Tropoja paccMOTPEHO Ha

npuMmepe ropojna HukomaeB, HMEMOLIET0 MOIIHYIO
CHUCTEMY TpPaHCIOPTa, YCTOWYMBBIE TpPY30BBIE H
MACCAXHUPCKHE  TIOTOKM W CPeJHMH  YpOBEHb
9KOJIOTHUECKOTO  3arpsisHeHus. [l KOMIUIEKCHOTO

peIIeHus TPAHCTIOPHO-YKOJIOTUIECKUX TPOOIIieM ropoja
MPUMEHEH MOJXOJ MOCTPOCHBIH HAa COCHOBBIE METOJOB
MUHAMUYTOTO MPOTPAMMHUPOBAHHUS H HMHUTALUHHHOTO
MonenupoBaHua. Ero mpuMeHeHHe nenaeT BO3MOXKHBIM
CTaBUTh 3a/la4d ONTHMHU3AIMH (DYHKIUA YIpaBICHUS
JBIDKEHHEM  Ha  0a30BOi  CeTH  TPAHCHOPTHBIX
MarucTpajieil ¢ pas3jIMyHOM CTENEHbI0 JleTaau3aluu
MYHUIOHUIAJIBHBIX O6'I)CKTOB.
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