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Abstract: At present, public transport needs to be managed tise different models, which will take into ace health
problems, passenger transport problems, refinemrgchnical parameters of buses and their adaptati urban
operating conditions, which would be one of thevprgive measures in the context of combating th@ravirus
pandemic. The article discusses the issues of m@itigithe routeing scheme of buses and minibus#iconditions of
a three-level transport network in large cities.aslgres for the performance of the city bus route® bbeen developed.
It has been established that the qualificationdifieer and the selection of urban passenger vehile central issues in
terms of fuel efficiency and reducing the numbehafmful substances in exhaust gases.

1 Introduction vehicle traffic, that is, to review the issues dfet
One of the fundamental conditions for the sociotransportation process management itself underitiomsi

economic development of the country is the effectivof rapid motorization. Therefore, there has regeintien a

functioning of the transport system equipped withdern  growing interest of researchers in the urban trarsp

technologies. system, and the theories of passenger traffic sitioul
Starting from the second half of the twentieth ugnt have been created. They are aimed at improving road

in the world, including Georgia, we are witnessig infrastructure and creating systems of quality @ager

process of intensive motorization. The increasethim Service [3].

number of vehicles has resulted in two pronounced a

contradictory trends. In particular, the high leweht 1.1 The major components of the system of urban

motorization has reached predetermines the developm passenger transport
of the economic potential of society and ensuresmam In large cities, there are numerous routes progidin

satisfaction of the transport needs of the peap8][On transport for passengers. Acquisition of specific
the other hand, it has contributed to the increasegformation on these routes (provision of reliaba on
magnitude of the negative impact on society and thgassenger flows and distributing them accordirdagoand
environment, which has resulted in environmentalight hours and days of the week) is further prsices
degradation. selection of the optimal route, and the numbereatfides
Today, the problem of the rational use of our cousit (buses, minibuses) should be carried out systeatigtic
fuel and energy resources has acquired speciabedon taking into account the context combating the cavomis
significance because Georgia is one of the cowwwlese pandemic
motor transport consumes only imported fuel andgne In order to solve this problem, it is necessargttaly
resources. the urban routes, analyze the operating parametecgss
As oil and oil-origin fuel reserves are not reneleab the information obtained from the experiments andie
and sooner or later, these reserves are expectd® tosound guidance. This methodology will allow us to
exhausted, but the number of vehicles in the cgustr calculate the real parameters for a particularercand
growing at a rapid pace, and the problem of fuehemy  thereby increase the performance effectivenessiutles.
of vehicles continues to be a priority. It is necessary to take into account the volumetsadfic
A successful resolution to this problem will dep@md and passenger flows, as well as the operating
the level of perfection of automobile designs aridrgtific ~ characteristics of vehicles. In view of the forempithe
and technological progress in searching for anehgusidefinition of operation parameters on urban buse®u
alternative fuels in motor transport. should be based on the establishment of charaateris
Today, addressing the transport problems through tharameters of these routes taking into accountepass

improvement of technical parameters of vehiclesids flows, which will eventually improve the quality of
having a great effect. It is necessary to explbeeissues

related to the theory of travel service adminigiraiand
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passenger services and increase the efficiencyhef
transport process [1,4].

The best rational option is considered that pesfecty q
meets the needs of the population and high rates of

passenger transport in terms of environmental padace
and the minimum risk of coronavirus spreading.

The route and vehicle driving on this route shoukkt
the major requirements. In particular, they must:
adequate to the volume of passenger flow; havécerit
manoeuvrability and a rapid response capacity t®
volatility of flows and the disruption to traffiche
coordinated with other types of urban passengaspert;
be correctly adapted to the length of flow, directiand
time, as well as to the rational distribution afhténal and
intermediate stops.

A step forward in this regard is the introductidnao
three-level transport network. The first levelhis L0 main
corridors, where passenger flow is large and pabksasgh
all the main big streets and avenues of Thilisis fied by
two additional types of corridors - the second #mictl-
level lines, respectively - the so-called "citydsai for
traffic between the blocks, the so-called "blocie8".

t

t
2 Methodology
Designing the passenger transport system

devel opment programs

As we have mentioned, the main goal of the urban

passenger transport system is to ensure the divajta
timely and cost-effective displacement of the patiah
bWith a minimum level of coronavirus spreading arithw
minimum environmental pollution. In this regard,eoof
he most important is the qualification of a drivetich

depends on the economical methods of bus drivimy an

increases the efficiency of the transport procgss [

2.2 Studies of the city route operating parameters

We have conducted a research investigation on the

operational parameters of the intracity line byolwing the

drivers with varied work experiences and levels of

qualifications [22]. The results of the experimethst
reflect the influence of driver's qualification otie
operational parameters of a bus are given in Thble

Operating indicators Operating Drivers with work experience Drivers with work experience
conditions of less than 1 year of more than 5 years
Average speed, km/h Urban 30 31.7
The number of stops, k! Urbar 1.5 15
Fuel consumption per lii Urbar 24.7 24

Table 1 The influence of driver's qualificationttie operational indicators of a bus

2.3 Thereview of the experiment
Following analysis of our experiment, we can codelu

that during the operation of the bus on the cittepwhich
runs on the first from the three-level transpotivoek, that
is, on one of the 10 main corridors, on a spediallime, in
the case of drivers with different amounts of eigae,
the difference between the average speeds ofctrddies
not exceed 5%. This proves that even under conditid
rapid growth in traffic flows, the average speedhaf bus
is practically determined by a driver and not by traffic
flow, and it is almost the same for drivers witlifetient
amounts of experience on the city route [4,5,22].

the other hand, the qualification of a driver ishgh
importance. In the case of drivers with differemtoants
of experience, the qualifications of a driver, fattarly his
driving style,
consumption by rolling stock, environmental safaty the
efficiency of a transport company in general [6].

It is necessary to retrain drivers with a fuel-sgvi
criterion, and it has been computed that througtairéng
drivers in the motor transport enterprise, it isgble to
achieve greater fuel economy.

It is known that the energy of rolling stock, imrtes of
phases and the amount of fuel consumption, coe=laith

The difference between the costs of line fuel reachthe number of stops. The study showed that allogadi
2.8%, and it practically does not depend on thepecial line for buses, reducing the number of sstapd

qualifications of a driver [8].

A very important factor is the impact of the numbér
stops on the performance of buses. However, aseaeen
from the analysis of the values given in the tabiethe
case of drivers with different amounts of expereeon the
city routes, the difference between the valuespetiic
guantities of stops is small and reaches just 3%0[9

The analysis shows that in the case of the spboml
lane, the performance indicators do not dependhen
qualification of a driver, which should be takertoin

account by transport companies in general in otder management. Through improvements in science and

increase efficiency. On the second-and third-lémek, on

increasing the runway length led to a reductiorfuel
consumption, which is less dependent on the qoatiéin
of a driver. This leads to a reduction in the numbke
exhaust gases, which improves the environmentatysaf
road transport. Therefore, one of the main factioas do
not affect the operating cost of rolling stock fuaid
environmental safety is the qualification of a ériy7,9].

One of the main ways to reduce fuel consumption and
is proper

tincrease its environmental friendliness,
organization of the transport process and improverog

technology, it would be possible to ensure effitifrel
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consumption. Fuel consumption depends on the faligpw fuel costs by adjusting the existing standards wal f

conditions: consumption of buses.
» Operating conditions. Equally important to enhancing the efficiency of
« Technical condition of vehicles. passenger transport and the successful functiaofirige
« Organizational-technical measures. transport process is the correctly chosen cityerotihe

main goal is to provide transport of passengershe

For its part, each of these conditions also depends shortest possible timeframe. Experience demonsttheg
number of factors. For example, fuel economy depead the transport network routing in major cities isvery
a large extent on road conditions, traffic modesatier complex and ambiguous process [14,15].
conditions, seasonality and so on. Allocating aipdine
for buses is a step forward in this regard. 2.4 City route choice

An example of the effect of a vehicle's operatipge Equally important to enhancing the efficiency of
on the operating cost of fuel (frequency of staas) be the passenger transport and the successful functiasfirige
relationship between fuel consumption and longadis¢ transport process is the correctly chosen cityerotihe
travel. Cyclicity of operating modes leads to digion of main goal is to provide transport of passengershin
the established thermodynamic processes in thenengishortest possible timeframe. Experience demonstths
increases fuel consumption and reduces power. iBhisthe transport network routing in major cities isvery
proved by the experimental results. This is illattd by complex and ambiguous process.
the experimental data on the increase in fuel copsion Proper planning of stops on the city route is ahhi
by the road transport moving on the second and-thirel importance.
lines of the city by 10-15% compared to the tramspo The calculation of the operating parameters ofthe
moving outside the city, while for buses movingtbe routes and the provision of rational organizatioh o

first-level lines, this margin is within 5-7%. passenger transportation should be based on tHg sfu
An analysis of numerous studies revealed that dne the actual passenger flow on the route.

the most important factors affecting fuel consumptis The aim of the research is to obtain reliable datthe

road conditions. passenger flows on the bus routes and to distrithete

The variable nature of road conditions is takem intaccording to the hours of the day and days of thekw
account when adjusting the norms and standards which allows us to rationally organize the worktba bus
technical operation of vehicles. At the same tioprating lines, to establish their timetable, to choose tifpe of
conditions have an impact on the operation modthef rolling stock, and to distribute the vehicles [13,1
vehicle. In accordance with the state of the raafase, The study of passenger flows can be complex and
fuel consumption may vary by 15-20%. In this regéineé selective [18]. Different methods are used for pager
existence of the first three-level transport netwiera step flow study: surveys, questionnaires, coupons, Visua
forward. The rational organization of road traffitows for methods and so on. A traffic flow study is also giole
reducing fuel consumption by 15%. through the analysis of revenue from a particubate by

Fuel consumption in cities is affected by the pnese the number of tickets sold during the transportatid
of regulated and unregulated intersections onaberand passengers [19,20]. The information received osgrager
their number, the presence of road signs, corrackimgs flows is processed by specially designed prograsisgu
and so on. computer technologies.

The influence of the factors acting on the fuel The information obtained as a result of transpiamat
consumption along with the operating properties isf passengers must be redistributed accordingetbolirs
manifested in the formation of the operating modés of the day and the stops on the route. It is schieatly
rolling stock. represented by diagrams. The diagrams allow us to

The gains in productivity of urban passenger trartsp visualize the distribution of passenger flows inctea
would be achieved through the reduction in fuellirection on the route at certain times of the daywell as
consumption, which is based on the managementeof tthe values of passenger flow at "peak” hours, aiggrto
operating fuel costs of buses. In order to develm which the maximum number of buses is determineé. Th
mentioned measures, it is necessary to collectatafael diagrams have been constructed using the day-tdialay
consumption for each city bus route and to provitgr distribution tables (Tdb 2).
computer processing. Based on the analysis oftiteened The distribution of passenger flows in both direas
data, the decision is taken on the need to adjust tof one of the routes of the cit¢14) according to the hours

operating fuel costs and for adopting the routedsteds.  of the day is given in the table, and the diagrarshiown
This will improve the efficiency of urban motor jn Figure 1.

transport companies on the basis of the route atdadf
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Table 2 Distribution of passenger flows on the urbas routes in both directions by day-night hours

Distribution of passenger flows by day-night hours
) Number of passengers ) Number of passengers
Day-night Direction Day-night Direction
hours hours
Forward Backward Forward Backward

5-6 45 21 14-15 370 374

6-7 455 483 15-16 382 420

7-8 591 562 16-17 440 575

8-9 692 722 17-18 577 547
9-10 623 421 18-19 741 605
10-11 505 310 19-20 363 421
11-12 301 173 20-21 192 222
12-13 240 204 21-22 70 51
13-14 466 155 - -

7053 6266
13319

Distribution of passenger flows in both directions on the cityrbutes
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Figure 1 Schematic distribution of passenger fleavthe hours of the day and the stops on the rantegwards and backwards
directions

As can be seen from the diagram, the maximum valupassenger flows at these hours. During the renminin
of passenger flows on a given route are 8-9 and918-hours, the number of buses on the route should be
hours. As a result of the adjustment of road itfteture, redistributed to ensure timely, safe and comfoetabl
it is estimated that all the ten first-level lirgfghe city will  passenger services.
increase passenger flow by 1.5-2 times, so the rmanri Thus, the analysis shows that in order to effebtive
number of buses should be calculated according twganize the traffic of urban passenger vehicled t@n
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determine their optimal number on specific rouiess In order to determine the fuel efficiency and
necessary to establish the patterns of changessepger environmental friendliness, the operation study was
flows. Analysis of the various methods of passeffigev  conducted on several city routes in Thilisi.

study allows us to select any of them accordirggpecific The data of the conducted operation experiment were
purpose, which will provide efficient passengensport processed using computer technologies, and thenzahe
services. values of some important parameters are given fieTa

A modern type of bus produced by leading companies
with a large capacity (90 seats, 12 m long) waecsed!.

Table 3 Some operating parameters of routes

Parameters Arbitrary Route numbe

notations N 15( N 14 N 47 N 54

The length of the route, k L 13.c 8.1 13.t 11.¢
Specific quantity of stops, ki No 1.95 1.97 1.92 1.93

Specific quamqt_)l/ of light signs, Ny 27 31 28 33

Specific quantity of stolps neaf N 0.9 0.98 0.96 1

the light signs, kn
Operating speed, kir Vs 20.1 17.5 22.2 19.7

Analysis of these data showed that the length ef tltonditions, in the context of combatting the corones
route has a significant impact on the effectiverefsthe pandemic, there was a significant reduction in bls
vehicle's environmental safety, and if it is redlcuel filling factor, and its value was 0.5. In this regait is
consumption increases while traffic speed decred$es necessary to make some changes in the industigastan
is explained by the increased number of stops Khirt). With improving the road infrastructure, accordimg t
In the case of the short-distance routes, it alrdoables, the existing methodology, the bus was selectedrdap
and this result confirms the correctness of whathage to the existing methodology, and the bus traffieival,

said above. frequency and all the necessary parameters were
A step forward in this regard is the regulatiorradd determined.
infrastructure, which envisages the creation opecil The number of public transport and the locatiostops

line for buses. The example of Thilisi City showattall were theoretically determined according to the majo
the ten first-level lines belong to congested graad the indicators, according to the distance travelled by
creation of special bus lines on them will leactpartial pedestrians and the speed of public transport 71.6,1
reduction of traffic congestion; timely transpoitat of Finally, we can conclude that in the current
passengers and increased passenger flows by & t environment, in a manner fully consistent with stendard
obvious improvement of environmental conditionsjolth and for people with disabilities, the requiremests met

is manifested in the reduction of the number opstdthe by large-capacity buses at peak hours at interofl3
number of traffic lights and the number of stopthwiaffic  minutes, while during off-peak hours - by the withdal
lights, an increase in the route length, and ameamed of buses.

operating speed. Thus, the analysis shows that the efficient opemnaif
the city bus routes is influenced by a large numtdfer
2.5 Passenger traffic route profitability factors, the maximum account of which ensures safe,

The cost-effectiveness of passenger transportatiopiality and timely transportation of the population
largely depends on the correct selection of rolktack.
First of all, before choosing a rational-capacitspit is 3 Result and discussion
necessary to remember that buses are classifierdiog The analysis allowed us to systematize and geamerali
to two major criteria - destination and capacityridg the efficiency criteria of urban passenger trarispor
urban passenger transportation, urban and largeeitgp companies, identify indicators that characterizedbality
buses are regarded as a preferred solution [21]. of transport services for the city population, asl\as the
An important parameter is the capacity of the buperformance effectiveness of transport companiestiag
which primarily affects the bus filling factor arttie specifics of routes.
comfort of passengers. When determining this fadtter In order to select the appropriate urban passenger
values of passenger flows (in one direction) aneirth vehicles for the specific routes, as well as tedaine their
unequal distribution according to the hours ofdag and optimal number, the patterns of variability of persger
night should be taken into consideration. Underctireent flows and the distribution of the number of vehicle
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selected on their basis according to the hourh@fday varies between 55-60% depending on the qualifinaifa
were established. driver.

The article analyses and establishes the operationa As can be seen from the analysis, it would be witong
factors affecting the fuel efficiency and enviromte#¢ suggest that the economical driving of the vehicle
safety of road transport and focuses on qualificatf a associated with the average speed of traffic and,
driver and the effective methods of driving to eesthe consequently, with the reduction in the transpodriw
efficiency of the transport process. performed. Therefore, when operating in these #fpic

It has been established that when creating a nfodel conditions, the driver's ability to maintain thetioml
managing the urban passenger transport systens itoperating modes of the vehicle in terms of fuelnecoy
advisable for the municipal government to maximallgomes first.
investigate the city population's demand, studys@ager
flows and establish routes and timetables, as waell 4 Conclusions
provide the timetable monitoring and schedulingesys The article discusses and elaborates the measfires o

There has been established the nature of the “ﬂ\]lab Operation of City bus routes in the conditions aheee-
of the operating parameters (average speed, fuyglel transport network in big cities, thus ensgriimely,
consumption, etc.) during the operation of busesrb@n  safe and comfortable service of passengers, itatviely
conditions, which is due to frequent stops, higlursdion  ecologically clean environment, with minimal ecoriom
of obstacles, and increased frequency of unsteadfict cqsts.

modes, and so on. As a result, there has beefigdstie « The regularity of the change of passenger flows
need to improve the professional skills of drivéos has been established

increase the effective performance of transportyniies * The bus scheme of minibuses and minibuses was
and use the methods of their material incentives. optimized

In urban traffic, the number of stops per kilomeafe » Urban passenger vehicles were selected, and their
the route is large, which increases the sharesifady bus )an p 9 . '
optimal number was determined.

traffic on the line, resulting in a significant nease in fuel ) o .
consumption, increasing emissions and deteriorating The number of vehicles was distributed according
environmental conditions in the city. A step fordiar this to the day and hours.
regard is the improvement of road infrastructuréjciv
envisages the construction of ten first-level rdadke city REferences
with special bus lines that will pass through aispareas [1] MORCHADZE, T., RUSADZE, N.Ways to address
or streets of the city, thereby extending the fnssl and the challenges in passenger traffic within the nrba
reducing the number of intermediate stops. transport systemdransport Problemsyol. 13, No. 3,

In terms of increasing the productivity of trangpor ~ PP. 65-77, 2018.
companies, it should be noted that, using the elawip https://doi.org/10.20858/tp.2018.13.3.6
Thilisi city, road infrastructure has been conditity [2] PENCHEVA, V., ASENOV, A, GROZEV, D.
divided into two parts, the first of which, whichciudes GEORGIEV, I., STOYANOV, P.: Study of the daily
ten first-level sections, has less dependence on irregularity on specific routes, servicing the [easger

qualification of a driver, the driver's choice afomomy stops in Ruse Bulgaridransport Problemsyol. 14,
modes, namely, on his driving style, the reductiothe No. 4, pp. 5-21, 2019.

number of stops automatically led to the reductiofuel https://doi.org/10.20858/tp.2019.14.4.1
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the criteria of fuel efficiency. KOSTRZEWSKI, M.: Research on the relationship
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friendliness, there has been justified the appatpriess of ~ intervals  synchronization, Transport ~ Problems,
motor vehicles. Vol. 13, No. 4, pp. 91-102, 2018.

The studies that we conducted on the urban route https:/doi.org/10.20858/tp.2018.13.4.9 _
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