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INCREASING THE EFFICIENCY OF USING PUBLIC BUSES ON THE
TRANSPORTATION ROUTES OF THE CITY OF KAMIANSKE

The work solves an important task of increasing the efficiency of the use of public buses,
which is related to ensuring an increase in the passenger capacity utilization ratio, i.e. filling the bus-
es. The authors proposed a technique aimed at optimizing the passenger capacity of a vehicle unit,
namely the rational capacity of buses for operation on routes by periods of the day. Optimal filling of
rolling stock should correspond to fluctuations in passenger traffic and change in the number, capaci-
ty and distribution of buses on the transport network. Adjusting the distribution of buses along routes
in time and in accordance with the demand for passenger transportation is aimed at meeting the con-
dition that the demand for transportation and their provision are equal to each other.

Keywords: bus, vehicle, passenger flow, transportation route, result, calculation.

YV pobomi po3s’sazyemuca saxciusa 3a0aya no nioGUUWEHHIO epeKmUEHOCMI BUKOPUCTANHS
aemobycie 3a2anvbHO20 KOPUCMYBAHHA, AKA NOG A3aHaA 3 3a0e3neueHHsIM Ni0guueHHs Koegiyicuma
BUKOPUCTNAHHA RACANCUPOMICIMKOCIE, MOOMO HANOBHEHHS a8modycie. Aemopamu 3anponoHo8aHa
MEMoouKa, sIKa CNpaMOBana HA ONMUMI3AYII0 NACANCUPOMICIMKOCME 0OUHUYT MPAHCIOPIMHO20 3ACO-
0y, a came payionarbHoi Micmkocmi agmobycie i pobomu Ha mapuwpymax no nepiooam 0oou. On-
MUMATbHE HANOGHEHHSI PYXOMO20 CKIA0Y NOBUHHO BION0GIOAMU KOAUBAHHAM NACANHCUPONOMOKIE ma
SMIHIO8AMUCS KIbKICMb, MICMKICMb | pO3n00JiieHHs asmobycie no mpancnopmuit mepedici. Kopezy-
BAHH5L PO3NOOLNIEHHS A8MODYCi8 NO MAPUPYMAax Y Yaci i 6i0N0GIOHO 3 NONUMOMHA NACANCUPCHKI nepe-
6E€3€HHS CNPAMOBAHO HA OOMPUMAHHA YMOBU, WOD NONUM HA nepesesenHs i ix 3a0e3neyents 0opieHIO-
841U OOUH OOHOMY.

Knrouosi cnosa: asmobyc, mpancnopmuui 3acio, nacaixcuponomix, Mapuipym po3ee3ents,
pe3ynvmam, po3pPAaxyHoK.

Formulation of the problem

The profit from urban transportation of passengers in the city of Kamianske does not cover the
costs that arise during their performance. One of the reasons for this state of affairs is the low average
utilization ratio of the passenger capacity of vehicles.

One of the reasons for low occupancy of buses is their suboptimal capacity. Overcapacity re-
duces the average passenger capacity utilization ratio or causes the need to use vehicles with long in-
tervals, and undercapacity increases costs due to the use of less efficient passenger vehicles. The
movement of vehicles with long intervals or a sufficiently large passenger capacity utilization ratio
reduces the quality of passenger service. Therefore, the passenger capacity of a vehicle unit, which is
used on urban transportation routes, is subject to optimization.

Analysis of recent research and publications

The organization of bus traffic in the city of Kamianske is carried out according to the route
principle.

The essence of the route principle of passenger flow consists in the organization of the move-
ment of vehicles along certain, previously established directions — routes that are divided by stopping
points into separate sections. The driving mode on the route represents starts, runs, braking and stops
at stops to reproduce the passenger exchange. The characteristics of the traffic organization of this
type are determined by the length of the route between the stops, the maximum speed of the bus on the
route, running time and speed, speed of connection [1,2].
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It is not possible to change the capacity of buses in a wide range due to the limited model
range of buses used for urban passenger transportation, the coefficient of variability of passengers is a
value that is not regulated and has a random nature, which means that operating with these indicators
to increase the efficiency of use will not bring significant result. To increase the productivity of buses,
it is necessary to reduce the flight time and increase the filling of rolling stock [3].

In order to reduce the flight time, it is necessary to increase the connection speed, that is, to
increase the technical speed and to reduce the idle time at intermediate stopping points. An increase in
technical speed is impossible due to road safety conditions, and a decrease in idle time at intermediate
stops will cause a deterioration in the quality of passenger service.

As the analysis of the technology of transporting passengers by buses in the city of Kamianske
showed, the average daily filling of buses is not uniform throughout the hours of the day and is not
very large, which means that in order to increase productivity, it is necessary to increase the capacity
utilization ratio by rationally organizing the movement of buses on routes, that is, depending on the
passenger flow, determine the required number of rolling stock units by hour of the day, as well as its
optimal capacity.

The need for rolling stock is established based on the need to assign to each route such a num-
ber of buses of a certain passenger capacity that ensures the minimum costs of the carrier under the
conditions of mastering the passenger flow in compliance with regulatory requirements for the quality
of transport service [2,3]. At the same time, the types and number of buses are chosen for the future in
order to form a rational structure of the rolling stock fleet. The distribution of buses along the routes is
carried out under the same conditions, additionally taking into account the availability of rolling stock
at the disposal of the carrier. The distribution of buses is a necessary stage in the transition from pas-
senger flow to the number of buses on the route [4,5]. In the general case, they are guided by the pre-
servation of the 1—2 minute interval of buses for passengers and the costs of operating buses. These
costs increase in proportion to the passenger capacity of the bus, but as it increases, fewer buses are
needed, so the costs for different types of buses are different.

Formulation of the purpose ofresearch

The purpose of the work is to optimize the passenger capacity of public buses for operation on
the routes of the city of Kamianske.

Main material presenting

As a criterion of optimality, it is proposed to accept the minimum of the objective function Z,
in the form of the sum of costs §,, which arise during transportation, and passenger losses from wait-
ing for vehicles at stops for a certain time period P,, for example, for 1 hour [6]

Z, =S8, + B, = minq, (D)
where ¢ — is the value of the capacity of the vehicle, pas.

Hourly costs can be calculated using the formula

Sp =S¢ -1y, (2)
where S—the amount of costs for one turn of the bus on the passenger transportation route;n—the
number of bus turnovers on the transportation route in 1 hour.

The value S, can be calculated by the formula

S =l¢* Sgm + teSe, (3)
where /—the length of the turn on the route, km.;S,—expenses for 1 km. mileage of the bus on the
route; t—duration of the turnover period on the route, hours;S.—expenses for 1 hour of bus operation
on the route.

The length of the turn is determined from the characteristics of the route [6,7].

The duration of the turnover period is determined based on the characteristics of the route and
the buses operating on it, according to the formula

l
te =++t,, 4)

Ut
where v—average technical speed of the bus per turn on the route, km/h;z.—total idle time at inter-

mediate and final stops on the route per turnover.
The values of Sy, and S, can be calculated using the formulas

Skm = Am1 + agmz2 * 4, (5)
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Se = ag1 + ag2 " 4, (6)
where ajm;, apm2, aq1, ag—dependency parameters.

The value of 7, is determined by the formula
Ay
o ™
where n,—traffic schedule of vehicles on the route;4,—the number of buses operating on the route.
On the other hand, the required bus frequency can be determined along the busiest section of

the route using the formula

Ng = Ny =

ey =%, (8)

where Q—the maximum hourly passenger flow along the route sections in the busiest direction,
pas/h; g—passenger capacity of the bus.
Losses of passengers from waiting for buses when they operate according to the interval of
movement is determined by the formula
Qoc'CJ _ QocC
n= 2 = Z_nc’ (9)
where Q,—the total hourly volume of passenger transportation on the route, pass;C —the cost of los-

. . . 1
ing a passenger for 1 hour of waiting for a bus;/—interval of buses on the route(/ = —).
n

C

In turn, the value of Q,. can be calculated using the formula
20Qic
Qoc = 2Qqc " Nee = kul *HAees (10)

where Q,—average hourly total loading of buses on the route;n..—the average coefficient of variabil-

ity of passengers for one bus trip on the route;k, = gl"’ coefficient of unevenness of the passenger

ac

flow along the route sections per bus turnover.
After the transformations of the equations, we get that Z, is determined by the expression
Qlc'Q(lt(akm1+akm2Q)+(lt/vt+t)(ag1+agZQ)) .
Z.= aCok/ne =ming. (1D
The derivative of Z.with respect to ¢, which is zero and will determine the optimal value of

Gopt

Gopt = Jozc-ku-(ltakn;t:fl(zt/vmc))' (12)

However, the value of Q. can change during the day, while the capacity of the bus operating

on the route remains the same. Therefore, the decision should be made based on the minimum value of

the objective function
Z=Y"1Z,,=ming, (13)
where Z.—value of the objective function for the i-th hour of the day;n—the number of hours per day
during which passengers are transported on the route.

Taking into account the daily change of Q,, the optimal value of the passenger capacity of a

passenger transport unit is determined by the formula

_|2Qureaku (ltagmitag: (le/t+c))
Gopt =

14
CrMee ’ ( )

where Oy, ,—average hourly passenger flow on the busiest section of the route during periods when
the operation of vehicles on the route is organized without informing passengers about the schedule.

Thus, on the basis of the conducted research, a dependence was obtained that allows to optim-
ize the passenger capacity of buses for work on city routes [6].

The calculation of the rational capacity of the bus is given on the example of route No. 4
Railway Station — Budivelniki Blvd. during the hours of the day from 6:00 a.m. to 9:00 a.m.

2:340-2,227-(7,3-1153+18295-0,97)
Qopt =\/ 1000208 = 137pass.

The rational capacity of buses for work on the routes that were studied by periods of the day is

given in tabl. 1.
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Table 1. Rational capacity of buses for work on routes by periods of the day
rational capacity by periods of the day, pas
2
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6 358 620 173 193 618 308 615 198 158 361 189
14 304 374 154 168 412 298 368 243 169 311 194
23 190 425 | 203 | 224 408 422 431 199 117 182 182
23° 210 403 | 378 | 301 399 416 406 212 193 208 170
Having the value of the rational calculated capacity of the rolling stock, the standard capacity
of the existing bus fleet is selected.
The values of the standard capacity of buses, which are determined based on the rational, are
given in tabl. 2.
Table 2.Standard capacity of buses for work on routes by periods of the day
5 rational capacity by periods of the day, pas
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Conclusions

network of the city of Kamianske was calculated.

In this way, it was established to ensure optimal filling of rolling stock that corresponds to
fluctuations in passenger traffic, and the number and distribution of rolling stock along the transport
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HNIABUINEHHS EGEKTUBHOCTI BUKOPUCTAHHSA ABTOBYCIB
3AT'AJIBHOI'O KOPUCTYBAHHS HA MAPHIPYTAX PO3BE3EHHS
MICTA KAM’SIHCBKOI'O

HImarko A.3., Cacos 0.0., bonarok J1.M.

Pedepar

3amaua oprasizalii pyxy MICBKOIO aBTOMOOUIBHOTO TPAHCIIOPTY 3arajibHOI0 KOPUCTYBAaHHS
SABIISIETBCS 3a0€3MEUEHHS JOCTaTHBO BHCOKOI AKOCTi MacaKMpOIEPEeBE3eHb NPU MiHIMaIbHINA coOiBap-
tocTi. Ilpu BpaxyBaHHI HeperyJbOBaHUX BUIAJKOBHX KOJMBAHb MACAKUPOIOTOKIB y 4Yaci 1 Mo J0B-
HHI TOTO YW 1HIIOTO MapUIpyTy, 3aTPUMKH PyXy MacaXUPCbKOTO TPAHCIOPTY MPH POOOTi B 3aralib-
HOMY TOTOIIl PyXy, CTa€ 3p0O3yMUINM, IIO CKJIAZaHHS ONTUMAIBLHOIO PO3KIANy PyXy aBToOyCiB € J0-
CHUTbH cKJaaHa 3afa4ya. Opranizauis ONTUMaIBHOTO MEPEeBE3CHH MAaCaKUPOIOTOKIB MOBUHHA Tiependa-
4aTl MaKCHMaJIbHE KOPUCHE BUKOPUCTAHHS PyXOMOT'O CKIIay, SKHUH BUXOIUTH HA JIiHIIO, 1O KUTBKOCT1
aBTOOYyCiB 1 MO X Maca)XMpPOMICTKOCTi, TOOTO BHKOPUCTAaHHS CEPEIHBOTO KOe(ili€HTY3amoBHEHHS
TPaHCHOPTHHUX 3aCcO0iB.

OpHi€r0 3 IPUYMH HU3BKOTO HAIOBHEHHS! aBTOOYCIB SIBISIETHCS iX HEONTHMAaJIbHa MICTKICTh.
OnTrManbHui Tindip maca)kxupcbKOro PyXOMOTO CKJIaly HiIBUILYE cepenHii KoedillieHT macaxupo-
MICTKOCTI, Ta CIIpHUsi€ YCYHEHHIO BEJMKHUX iHTEPBaIiB PyXy aBToOyciB. ToMy MacakupoMiCTKICTh OfIU-
HUL TPaHCHOPTHOTO 3aco0y, KU 3aCTOCOBYETHCS HAa MICBKMX MapIIpyTax IEpeBe3eHb, MiAJsIrae
OnTUMI3aIii.

VY cTarTi 3amponoHOBaHa METOAMKA OOYHCIICHHS ONTUMAJIBHOI Maca>KUPOMICTKOCTI OJHHHMIIL
MACaKUPCHKOTO TPAHCIIOPTY, SIKa CIIMPAETHCS HA CEPeAHBOTOAMHHUHN MACaKUPOIMOTIK Ha HaHOLIbII
3aBaHTaKEHUX MapmpyTax. OTpuMaHe piBHSHHS JA03BOJIsIE 00paTH pauioHaJbHY MacaKUPOMICTKICTD
aBTOOYCIB, SIKi BUXOIATh Ha MapupyTy M. Kam’sSHCHKOrO 1o pi3HUX Hepioaax I00u.
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