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Abstract—The models for calculating the number of buses of different types depending on the variable
passenger time and a specified interval of vehicles, minimizing the expenses of motor company which is
considered to be optimal for the carrier and the passenger range of buses on the route. Analysing the in-
Sfluence of the speed of vehicles on the total costs of motor transport enterprises. The proposed model can be
used to make effective management decisions regarding the organization of the rolling stock for enterprises

passenger transport.

Index Terms—Mathematical programming; optimization; cost; motor company; buses; intercity trans-

portation; optimal plan.

I. INTRODUCTION. STATEMENT OF THE PROBLEM

For motor transport enterprises (MTE) which are
engaged in passenger transportation, the main tasks
are to provide quality competitive services and
minimize costs for passenger services. Due to the
recent rising prices for fuel and lubricants (FL), there
is a need in the economy and an efficient use of re-
sources MTE. The objective is to develop mathe-
matical models optimization of rolling stock of dif-
ferent types depending on traffic flow changes in
time to minimize maintenance costs MTE vehicles.

II. THE BASIC PRINCIPLES OF OPTIMIZATION OF MTE

The theory of the organization of work of the
rolling stock with the use of mathematical modelling
has been considered in [1]-[4]. Exploration compa-
nies optimize passenger transport and management of
rolling stock regarding fluctuations in passenger
traffic studied in [5]-[7]. To optimize MTE used
multicriteria (vector) methods (e.g., principal crite-
rion for Pareto optimum, methods of successive
concessions). Optimization of MTE may be aimed at
maximizing profits, the volume of passengers, prof-
itability, productivity, and minimizing the cost,
payback period and expenditure of resources.

Motor transport enterprises competitiveness de-
pends on its level of profitability and quality of pas-
senger service. Optimization of MTE is, on the one
hand, to meet the demand of consumers of transport
services, in reducing the waiting time in the queue
(ride comfort for passengers), and the other - in re-
ducing the cost of passenger traffic on the route. In
previous studies, the authors found the optimal range
of movement of vehicles (MV) on the route for the ith
hour of MTE for one type of bus capacity (N):

2 2
= (1)

where N is the capacity of the vehicle; S is the net cost
of transport 1 passenger on the route for one hour; F,

is the average passenger flow for the ith hour [8]; H is
average cost of cost for one hour the inhabitants of
the region. Model (1) allows you to get the best value
traffic T, movement of vehicles (MV) with a mean of

passenger traffic £/, on the route.

III. ROLLING STOCK MANAGEMENT MODEL MTE

To satisfy the passenger at the same time to avoid
loss of the enterprise, the carrier must make rational
use of the rolling stock of different sizes depending
on the amplitude-frequency characteristics of pas-
senger transport demand. Consider the problem of a
rational choice of four types of rolling stock for
1 hour of work for a private company to transport
passengers “Vladis” (city Chernihiv), which serves
passengers on the routes “Kyiv-Chernihiv”,
“Kyiv-Chernihiv”.

It is known that the costs of any enterprise are
divided into constant that cannot “undo” (e.g., land
rent, taxes, etc.) and variables related to the produc-
tion of goods and services. In general, the profit MTE
“P” can be expressed as the difference between
revenues and costs of two types:

P=D-V -V, 2)

where D is the value of the income associated with
the volume of passenger traffic and the cost of tickets;
Vy is vehicle maintenance costs (including salary
drivers) that depend on the choice of the structure of
the rolling stock; ¥, is production costs (administra-
tion, production facilities, social contributions, etc.),
which do not depend on the types of buses running on
route. Then the task of maximizing profits
(P — max) in the model (2) is reduced to the prob-
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lem of minimizing expenses (V) for maintenance of
the rolling stock, which can be represented as:

v z[[S_Jy ; ZJKU Smin. ()

To

and restrictions on the number F| of transported
passengers per hour and the total number of seats in

buses:
4
FE3(K,N,)
j=1

as well as the average time interval 7T, of the MV,
which shall not be greater than the specified 7, :

T =—<1/
K]
where vy is the direct material costs (UAH/km); z is

the drivers salary (UAH/hour) K, and N,

(j=1,2,3,4) are accordingly, the number of MV
and the number of vehicle locations therein for

4
1 hour; K, = Z(Ku) is the total MV; 1, and s,
j=l
are respectively MV (hours) and the length of the
route in miles.

c.=N.

S
. _ 0 _
Entering symbols a, =—+z, x, =K, ¢; ;

To
the task can formulate as a linear programming
problem with the target function:
V,=ax +a,x, +a,x;+a,x, >min  (4)
the limitations:

X, +CyX, +Cxy +eyx, =2 F;

1
X H X, Hx X, 22— %)
T]

0<x,=<p;,, j=12,34,

where p; is restriction on the availability of the

relevant type of vehicle.
The average fill factor of MV €, defines ratios:

F =

1

4
2 (s]jK]ij );

___F

g =0,
> (k)
Jj=1
where ¢, ; is fill factor for jth MV.
The simulation results have shown an adequate
assessment to support decision-making, which is
confirmed by the actual performance of the rolling

(0<F <1),

stock of the MTE in Chernigov. According to the
study, the authors of the proposed model, when using
an optimization cost MTE decreases ranging from 2 to
15 %, depending on the interval of MV. The results of
modelling the structure of the rolling stock in com-
parison to the actual choice of the carrier have shown
that when using the proposed models, for example, for
an interval of 20 minutes, costs reduced by 12.5 %, for
15 minutes, at 12 % for 5 minutes at 9.7 %.

Using the features “Solver” in MS Excel, we ob-
tain the optimal production plan on the route for the
four types of buses for a given passenger flow F, and
set interval movement of the vehicle t,” . Model (4-5)
allows the carrier to optimize efficient use of buses of
different capacity and at the same time take into
consideration the interests of passengers due to the
restriction on the optimal time interval (1).

V. INFLUENCE OF TECHNOLOGICAL FEATURES
OF ROLLING STOCK IN THE OPTIMAL MANAGEMENT
OF MTE

The different types of rolling stock have different
economic and technical characteristics. For example,
table 1 shows the cost of fuel at the rate of four types
of rolling stock from 60 km/h to 90 km/h.

TABLE 1

Fuel costs depending on the speed of the bus four types

3 :
o ~ o~ %A t{i a
5 |8 52 22 = 2
: | 23 55 5% | L. 3
Speed, km/h

60 | 90 60 | 90 60 | 90 60 | 90
L
o=l 15 | 185 |15 | 16,5 | 14 | 11,5 | 13 | 11
= o
= o

Due to the rising cost of petrol, oil and lubricants
need to find not only the best types of vehicle on the
route, but the speed of their movement. The de-
pendence of fuel consumption from the speed of MV
could be close to linear (Figure).

c
2
g185 | __ -
=
= [}
2 15 ---o/i
C : |
u 1

: >
50 90 Km/h
Linear approximation of fuel consumption on the speed of
the bus “Etalon” (30 seats)
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We get a system of equations with two unknowns
for each type of bus stop:

o, +p,-60=15;
{oc] +pB,-90=18.5,
o, +B,-60=15;
{% +B,-90=16.5,

oy +B, - 60=14;
oy +B,-90=11.5,

o, =8, B,=117
=a,=12, B,=0.05
—a, =19, B,=-0.083;
{a“ PR C0=L 7 B, =067,
o, +B,-90=11,

Then the cost of fuel at 1 km #,r,, 7,7, depend-

ing on the speed of movement for each of the four
types of buses “Bogdan”, “Etalon”, “Mercedes”,
“Volkswagen” will be:

1 =0,08+0,001-v,;
r, =0,12+0,0005-v,;
r, =0,19-0,0001-v,;
r,=0,17-0,0001-v,.
Taking into account other direct material expenses
on maintenance of the rolling stock of each of the
four types of buses on 1 km (replacement of oils, tires
and the like), we obtain the following dependencies:
v, =1,34+0,0175-v,;
Y, =1,9+0,0075-v,;
Y, =2,95-0,0125-v,;
Y, =2,65-0,01-v,,

where v,,7,, 75,7, are the total cost of ownership of
the “Etalon” buses “Bogdan”, “Mercedes”, “Volks-
wagen” for 1 km.

Let us denote the desired speed for the four types
of buses through x;, x,. Then the model to minimize
the cost of maintenance of the rolling stock (3) can be
thought of as a problem of nonlinear programming in
the form of:

Xs

v, =s, ({1,3 +0,0175-x, +ijx]

+(1,9+0,0075-x6 +in2
x()
(6)
+(2,95—0,0125-x7 +in3
x7
+(2,65—0,01-x8 +in4J —> min,
Xg

the limitations
GX +OX, T +ex, 2 1

XX X5 +X, —iﬁ
T (7)
Oij Suj, ]21:273:4’

60<x, <90, j=5,67.8,

where p, =18, p, =3, p, =23, p, =6.

In the model (6) soidisplays the driver's salary
Xs

from time to time, for any driver performs the car-
riage of passengers. For MTE “Vladis, salary of
driver for decorated flight is 100 UAH. And therefore
does not depend on the speed of the bus on the route.
Then the cost of MTE “Vladis” for servicing rolling
stock would be:

V, =(150(1.3+0.0175x,) +100)x,
+(150(1.9 +0.0075x, ) +100)x,
+(150(2.95—0.0125x,) +100)x,
+(150(2.65—0.01x,) +100).x, ) —> min,

®)

at the constraints (7).

Tables 2, 3 shows the optimal decoupling linear
programming problem (4), (5), which corresponds to
Plan 2 and nonlinear programming (6), (7), corre-
sponds to plan 3 under different restrictions on pas-
senger traffic, the interval of motion, the speed of
their vehicle movement.

TABLE 2

The optimal speed for “Etalon” buses “Bogdan”, “Mercedes”, “Volkswagen”

Speed, km/h Y v, v, v,
Condition 1 60 - 90 90
Condition 2 60 - - 90
Condition 3 60 - - 90
Condition 4 60 - - 90
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TABLE 3

Optimal structure of rolling stock plans for the route “Chernihiv-Kyiv”

12 “Volks- “Mer- “Bog- “Eta- Optimal struc- | Number of transported
UAH/h wagen” cedes” dan” lon” ture of the passengers per hour and
(19 seats) (18 seats) (19 seats) (30 seats) necessary optimal range of move-
rolling stock ment of vehicles
3235 1 6 3 4 Plan 1 Condition 1
2765,63 6 1 0 5 Plan 2 F' =282 pass./h
2409,79 5 0 1 6 Plan 3 7, =0.08 h
1820 0 0 1 6 Plan 1 Condition 2
1797,5 1 0 0 6 Plan 2 F =198 pass./h
1605,42 6 0 0 1 Plan 3 1,=0.16h
1136,88 1 1 2 1 Plan 1 Condition 3
1000,63 1 0 0 3 Plan 2 F =102 pass./h
889,17 3 0 0 1 Plan 3 1,=025h
684,38 1 1 0 1 Plan 1 Condition 4
673,13 2 0 0 1 Plan 2 F =66 pass./h
584,58 1 0 0 2 Plan 3 1,=05h

In Table 4 percent decrease is designed for linear
(4), (5) and non-linear (6), (7) model. Plan 4 corre-
sponds to the model (8). The table shows that the
optimum speed reduces cost of MTE for servicing
rolling stock approximately 10—15 %. It is essentially
a constant growth in fuel prices.

TABLE 4

Comparison of the effectiveness of the proposed models
for the carrier's actual costs in percentage terms

Plans
Plan 2 Plan 3 Plan 4
onditions
Condition 1 14,51 25,51 31,45
Condition 2 1,24 11,79 15
Condition 3 11,98 21,79 24
Condition 4 1,64 14,58 14

As you can see, using the proposed model (3)
MTE decrease costs in the range of 1.2 — 14.5 %, and
the use of the model (6), which complements the
model (3) restrictions on the rational speed - in the
range of 11.8 —25.5 %. Consequently, the model (6)
allows the carrier by almost a quarter to reduce
maintenance costs of rolling stock in MTE constantly
rising prices for fuel and lubricants. According to the
authors, the use of model (8) is optimal for the
problem of optimal control intercity passenger ser-
vices.

V. CONCLUSIONS
Mathematical model determine the optimal

structure of the necessary rolling stock for ensure-
demand for passenger transport, taking into account

the conditions to minimize the cost of MTE. The
model takes into account the economic interests of
the carrier and the passenger that is expressed by the
optimal interval movement of the vehicle, which was
found by the authors in previous studies. The purpose
of the follow-up studies of authors is to create soft-
ware for the introduction of developed models in
automated system management decision-making
with respect to the rational choice of rolling stock
MTE with statistical epicycles of passengers on
long-distance routes in the region. Alsotasks, con-
nected with creating it new lycoined MTE to trans-
port passengers with optimum structure of the rolling
stock in limiting the starting capital of the entrepre-
neur, as well as the challenge of planning for optimal
acquisition of new vehicles by entering related fi-
nancial restrictions, given their payback.
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M. I'. MenBenes, JI. M. Onemenko. Mozeni onTUMaJbLHOI0 YIPABJIHHA Mi’KMiCBKMMH aBTOOYCHUMH IACAKUP-
CHKHMU NepeBe3eHHIMHU

Onwmcano Mozeni sl po3paxyHKy KUIBKOCTI aBTOOYCIB Pi3HHX THITIB 3aJIeKHO BijJl 3MIHHOTO TTACAKUPOIIOTOKY B Haci i
3aJIaHOTO 1HTEpBAJly PYyXy TPaHCIOPTHUX 3aco0iB. Y MoJeli MiHiMi3alii BUTPAT aBTOTPAHCIOPTHOTO MiIIPHEMCTBA
BpPaXOBYEThCS ONTHMAJBHUMN I MEPEeBi3HHUKA 1 MMacakupa iHTepBaj PyxXy aBToOyciB Ha Mapmipyti. [IpoaHanizoBaHO
BIUTMB LIIBHJIKOCTI PyXy TPAHCHOPTHHX 3aCO0IB Ha 3arajibHi BUTPATH aBTOTPAHCIIOPTHOT'O MiAIPUEMCTBA. 3aIlpOITOHOBAaH1
MOJIETTi MOXKYTh BUKOPHCTOBYBATHUCS Ul YXBaJIeHHs €()EKTHBHUX YIPABIIHCHKUX pillleHb LIOA0 OpraHizamii podoTh
PYXOMOTO CKJIy JUISl IiJIPHEMCTB TaCAKUPCHKOTO TPAHCIIOPTY.

Karwu4osi ciioBa: MaTeMaTH4HE NMporpaMyBaHHS; ONTUMI3allis; BApTiCTh; aBTOTPAHCIIOPTHE MiANPUEMCTBO; aBTOOYCH;
MIXMICBKHI TPAHCIOPT; ONTHMAIbHUH TUIaH.
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H. I'. MenBeaes, JI. M. Osiemienko. Moaeau onTUMAJIBHOI0 YIIPABJIEHUSI MeKIYTOPOAHBIMI AaBTOOYCHBIMH TAC-
CAKHPCKAMH NMePeBO3KAMHU

OnucaHbl MOJICTTH TS pacdeTa KOJMYEeCTBA aBTOOYCOB Pa3HBIX THIIOB B 3aBUCHMOCTH OT IEPEMEHHOIO IacCakKUPOIIO-
TOKa BO BPEMCHHU W 33J]AHHOI'0 MHTEpPBajia IBM)KCHUS TPAHCIOPTHBIX CPEICTB. B MOmenn MUHAMU3AIUKM PACXOI0B aB-
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TOTPAHCIIOPTHOI'O MPCANPUATUA YUHUTBIBACTCA OIITUMAaJIbHBIN I TIEPEBO3YMKA M IMaCCaXXWpa HUHTEPBAJ ABUKCHUA
aBTOGyCOB Ha Mapuipyre. HpoaHaHI/ISI/IpOBaHO BJIMAHUA CKOPOCTU ABMIKCHUSA TPAHCIIOPTHBIX CPEACTB Ha 06H_II/IC ns3-
JCPKKU aBTOTPAHCIIOPTHOI'O HNPCAIIPUATHU. Hpe;[nomeHHHe MOZECIN MOTYT HUCIIOJIB30BATHCA HJISI NPUHATHA 3(1)(1)61(-
THUBHBIX YIIPABJICHYCCKUX peH_IeHI/Iﬁ OTHOCUTCJIIBHO OpraHru3anun paGOTI)I IIOJABHIXXHOI'O COCTaBa AJIA HPEI[HpI/IHTI/Iﬁ nac-
CaXXKUPCKOT'O TpaHCIopTa.
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