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Abstract 
 
The purpose of research. Determination of the optimal number of buses, taking into account the opposite economic factors and economic 

feasibility in new routes of passenger transport when changing the parameters of transport system using legislative methods and norms. 
Methods: The article defines the total expenditures of participants of passenger transportation process, which is influenced greatly by the 
number of buses on the route: on one hand, a large number of them provides the least amount of waiting time, on the other hand, with 
such quantity of buses carrier’s expenditures increase, as well as the estimate and the cost account of the bus operation on the route using 
regulatory documents. 
Results: Using of the proposed methodology allows organizers and performers, in accordance with the current legislation, to overesti-
mate (underestimate) costs deliberately (unintentionally), determine the economic expediency of opening new routes and calculating 
fares on existing routes and optimal number of buses on the route taking into account the influence of opposite factors. The compromise 

of the interests of the carrier and the passenger is influenced by the transport service time cost, operating costs and turnover time. Daily 
operating costs of the route studied and the volume of passenger traffic flow indicate that at the socially preferential (specified) by local 
council fare the carrier can cover expenditures by increasing the fare or targeted subsidies (subventions). 
 
Keywords: cost estimates, cost of passenger time, cost value, number of vehicles, operational costs, operating costs of the carrier. 

 

1. Introduction 

Conditions of human life are connected with physiological cycli-
cality and sociological peculiarities which in turn cause significant 
fluctuations of passenger traffic flow in time and in the direction 
of the transport network. The accounting of the dynamics of the 
passenger traffic flow formation is one of the most demanding 
tasks in conducting transport calculations, which should be aimed 
at minimizing fluctuations in the section of the network due to a 

series of organizational measures [1 – 3]. One of the main tasks of 
optimizing the transport system and the rational organization of 
urban bus transportation is the definition of the need for new 
routes and the economic provision of transport vehicles. Nowa-
days, the issue of the rolling stock structure is acute in terms of 
their number, passenger capacity, categories and fuel consump-
tion, and environmental indicators. 
The solution of this task is to study the mobility of passenger traf-

fic flow between different residential neighbourhoods of the city 
and the choice of route schemes that will meet the needs of the 
direct transportation. 
The most accurate calculations are obtained when passenger 
transportation is forecast by the method of calculation of transport 
area mutual correspondence, which is based on the calculation of 
population mobility [1]. The idea of this method is that the entire 
structure of the settlement with a large number of passenger form-

ing and absorbing correspondence is presented in an enlarged 

form (transport areas). This method requires the account of each 
social group. 
The choice of the rolling stock capacity, determined by its modifi-
cations [4 – 6], is determined by the following factors: the nature 
of the passenger traffic flow, the appropriate frequency of vehicles 
in a certain period, the road conditions of the movement, econom-
ic provision of operation on the route. 

The rational organization of urban passenger transportation on the 
basis of the choice of optimal structure of rolling stock in the pas-
senger transportation affects the level of costs and the formation of 
transportation cost value, and hence the determination of the effi-
ciency of the bus operation on the route, since passenger transpor-
tation cost value is considered as an indicator of economic effi-
ciency [7, 8]. 
As a criterion for transportation effectiveness, in research [3], 

specific costs for the delivery of goods from departure point to 
destination point are offered, but such a method for determining 
passenger transportation cost value is considerably complicated, 
taking into account the unevenness of passenger traffic flow. 
Determining economic expediency in new routes of urban passen-
ger transportation by changing the parameters of transport system 
is possible through the use of legal methods and norms [9]. 
Carriers are faced with the task of choosing measures that are 

most effective and require lower costs. It is noted that the quality 
indicators are determined as dependence on the parameters that 
describe the conditions of movement [1, 8]. Also, the efficiency of 
passenger transport operation is determined by the form of qualita-
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tive and quantitative expression of the purpose of public transport 
services [7, 10]. 
Vehicles (V) operation on the route affects the total amount of 
time spent by the population on commute and its effective use [3, 
11, 13]. Some of the criteria are reducing the time spent by pas-
sengers on trips, the efficiency of buses operation and carrier’s 
income rate [9, 10]. According to [4, 5, 12], the quality of product 
or service is a set of its properties, which determine the ability to 

meet the needs of the population. 

2. Related Work 

In this paper, it is proposed to consider a criterion based on the 
concept of social and ethical demand for bus transportation. Its 
organization (in the context of market relations) makes provision 

for the reduction of social and economic costs to meet existing 
demand. As far as passengers and carriers are concerned, a gener-
alized criterion for assessing the total costs of participants in the 

transportation process Z is proposed, which tends to minimize 

as a result of organization of transportation: 
 

min pasper ZZZ ,                                         (1) 

 

where 
perZ is carrier’s operating costs; 

 pasZ  is cost estimation of social expenses of commuting time. 

Operating costs of an enterprise are defined as a product of daily 

operating costs of one vehicle 
ekZ and the number n  of vehicles 

operating on a certain route: 
 

nZZ ekper  .                                          (2) 

 

Social costs include waiting time for vehicle оgt , which is deter-

mined by the formula: 
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where I , 
оbТ are interval of vehicle movement and route time  

duration, h. 

Then social costs are determined by the formula: 
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where hpasV   is a generalized criterion for segmentation of the 

passenger hour cost, which is calculated as a fraction of the divi-
sion of passenger income into the working time fund: 
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where 
mD  is passenger monthly income, UAH; 

 
mhF   is monthly working time fund, h. 

This criterion defines the purchasing power of town dwellers and 
indirectly characterizes its inquiries regarding the quality of trans-

portation, which are characterized by the cost of commuting time 
and the level of comfort. Last but not least is the fact that the cost 
of one passenger-hour represents the measurement of time and 
cost of passenger transportation. 

Substituting (2) and (4) into (1), we obtain: 
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 .                          (6) 

When determining the operating costs, attention is drawn to the 
articles [14]. Various parameters can be chosen as an argument for 
calculating hourly expenses. In our case, the argument is the num-
ber of vehicles on the line, which depends on the interval of the 
rolling stock movement and the time spent waiting by passengers 
at the stop. The argument may also be the cost of high-speed 
transport purchasing, which determines the passenger's time. 
To estimate the expression (6) quantitatively and to determine the 

nature of the impact of vehicles amount on the carrier and passen-
ger costs, and total costs, it is possible to develop diagrams for 
these components for any settlement using the standard methodol-
ogy for the formation of transport services cost value [14]. The 
optimal value of vehicle number will determine the minimum 
value of the saddle curve of total costs. 
To verify the theoretical dependencies of costs and determine the 
optimal value of vehicle number on the route empirically, we 

build diagram of operating costs and waiting time expenditures on 
the example of the existing bus route No. 1 in the town of Kre-
menchuk. 
The results of route cost value calculation are put into Table 1. 
 
Table 1: Estimated operation cost on the route per month for the route 

number 1 in the town of Kremenchuk 

1 Variable costs UAH 

1.1 Labor remuneration fund of production 12972,86 

1.2 Deductions for social events 4784,392 

1.3 Total ind. entrepreneur with deductions 17757,25 

1.4 Costs  of fuel and lubricants 104620,1 

1.5 Costs of maintenance and repair 7938,588 

1.6 Costs of repair and tires change 787304,9 

1.7 Total variable costs 917620,8 

2 Fixed costs  

2.1 Depreciation deductions 2540,567 

2.2 General economic costs 138024,2 

2.3 Total fixed costs 140564,8 

Total costs 1058186  

According to the costs, we build a compromise diagram for the 
bus route number 1 in Kremenchug, which reflects the nature of 
the principal search scheme for any route, and is depicted in Fig. 1 
The saddle curve is constructed for different routes, taking into 
account changes in the cost of the passenger-hour and the costs of 
the transport company for transportation performance. The point 
of intersection of the curve shows the Pareto optimal area, leaving 
which the costs of the carrier or passenger will increase. 

Theoretically, the optimum number of vehicles can be determined 
by differentiating equation (6) by the number of vehicles n, we 
obtain: 
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Fig. 1: Diagram for searching compromise between the expenditures of 

the passenger and the carrier for the route number 1 Kremenchuk. 
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From the equation 0

dn

Zd
we find the optimal value of the 

number of vehicles: 
 

еk
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Z
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n


 71,0 .                          (8) 

 

Thus, the optimal value of number of vehicle is directly propor-

tional
еk

оbhpas

Z

ТV 
. The higher their number on the route is, the less 

the waiting time for passengers is, which reduces social costs, but 
the greater the operating costs of the carrier are. 
The combination of these aspects will balance the economic effect 
of the provision of transport services as well as the social aspect, 

which directly affects the development of a town as a whole. 
The process of passenger transportation organization is based not 
only on the rolling stock increase, but also causes the need to 
solve a number of issues aimed at the development the material 
and technical base, monitoring technical conditions and operation 
time of vehicle in order to ensure a high level of transportation 
safety. 
The carrier's expenses items are based on the norms of spending 

resources, approved by the Ministry of Infrastructure of Ukraine, 
considering that the reporting data of a particular subject may 
reflect its high or low level as  mismanagement of the carrier and 
be deliberately (inadvertently) overestimated (understated). 
The calculation of the economic provision of passenger transporta-
tion is carried out according to [15]. The current calculation of the 
fare level is determined by the calculation items, respectively [14], 
namely, driver salary, Single Social Contribution, fuel and lubri-

cants, automobile tires, repairs and maintenance of vehicles, vehi-
cle depreciation and overall production expenditures. It should be 
noted that the updated list of calculating items excludes the 
"Transport fee" item, which is currently taxed in the "Fuel" item. 
That is, this item is replaced from constant expenditures (when the 
fee was executed for a calendar period, years) to variable expendi-
tures (depending on the volume of the work completed that is fuel 
consumption). 
For an example, let’s consider the "Center – Prikhodka Street" 

route in Kremenchuk, which is proposed to open by local self-
governance as a social one with a minimum fare. 
 
1. The length of the route in the forward and backward directions 
is 4,2 km. 
2. Zero mileage is 10 km. 
3. Number of runs per day is 22. 
4. Total mileage per day is 4.2 x 22 + 10 = 102.4 km 

5. Number of drivers on a vehicle is 2 people. 
6. Number of vehicles on the route is 1 (RUTA - gas). 
8. Average number of paid passengers transported per day is: 
week day - 193 pass; 
weekend - 138 pass. 
Passenger traffic studies were carried out on 02/25/2018 (Sunday) 
and on 02/28/2018  (Wednesday). 
9. Working hours per day are 10. 

In order to study the public demand for transportation, a matrix 
method was used to survey passenger traffic flow and correspond-
ence [13]. This method involves the use of a matrix for the study 
of passenger correspondence (Fig. 2), in which the recorder indi-
cates the number of passengers entered at each stop and filled in 
matrixes on the route passenger correspondence at their departure 
stop, for each run. The matrix contains the route number, the time 
of vehicle departure, the name of  stops. 

 
State Vehicle Number __________________ 

Run No. _____ 
Route № __ Direction 1 direct 

Departure time:__________ 

 Route № __ Direction 1 direct 

Departure time:__________ 

Stop name Number of Stop name Number of 

pass. left pass. 

left en-

tered 

left en-

tered 

Centre   Railway st.   

Market   Lukas   

Post office   Aval Bank   

Aval Bank   Post office   

Lukas   Market   

Railway st.   Centre   

Arrival time________ 

Recorder’s surname_________ 

Arrival time________ 

Recorder’s surname_________ 

Fig.2: Matrix of passenger correspondence research. 

 

Application of matrix method, as a kind of table-calculation 
method of passenger traffic flow research, allows obtain highly 
reliable results and can be used, both in one-time and in 
continuous surveys. It is established in [10] that due to this 
method it is possible to identify the passenger traffic flow that is 
lost because of imperfection of bus operation organization and 
management on the route, which, in turn, leads to decrease in the 
volume of passengers and loss of carrier income. 

As a result of the conducted studies, the data on passenger 
transportation by scheduled runs on a week day (Fig. 3) and at  
week end have been received (Fig. 4). 

 
Fig. 3: Distribution of passenger traffic flow on route runs completed on a 

week day. 

 
In accordance with the diagram of Fig. 3 it was established that 
the largest number of passengers was transported at the fourth run 
(30 people), the least number was 6 people. The average number 
of passengers on the vehicle was 17. 

 
Fig. 4: Distribution of passenger traffic flow on route runs completed at 

week end. 

 
According to the weekend results, we have the following: the 
largest number of passengers transported was at the fourth run (19 

people), the least number was 4 people. The average number of 
passengers of the vehicle was 12 people. 
Determination of performed transport work, namely the total 
number of passengers carried per day, is a decisive criterion for 
determining the cost of transportation, in accordance with [14, 15] 
and, accordingly, when establishing a transport fare. 
In order to preserve the dependence between the bus class and fare 
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rates, it is recommended to use the previously established hourly 
fare rates taking into account the calculated coefficients, which 
depend on the actual average wage of this category of employees. 
In accordance with [16] a fare rate of 120% of the minimum wage 
established by the legislation of Ukraine is stated. As of 
01.01.2018, the minimum monthly wage size is set UAH 3723. 
Then, the average monthly wage is UAH 4467.6 (3723 x 1,2). 
With monthly working time fund of 176 hours (22 working days 

for 8 hours each), the hourly rate is UAH 4467.6 / 176 = 25.38, 
the transition rate to tariff rates for small class bus drivers in cities 
with a population of up to 500 thousand will be Сг = 25.38 * 1.729 
= 43.88 UAH. With the use of hourly wage system, the main driv-
er’s wages is WFD = 10 * 43.88 = 438.80 UAH 
When planning drivers’ wage fund (WF), you can take the value 
of additional pay as a percentage of its basic (for transport enter-
prises it is 15-20%) or actual expenditures from previous periods 

and its correlation to the actual received basic wages. 
Drivers’ additional wage is: 
 
Wad= 438.80 * 0.15 = 65.82 UAH. 
 
The total drivers’ WF will be: 
 
WF = 438.80 + 65.82 = 504.62 UAH. 

 
It should be noted that since January, 1, 2016, the size of the 
Single Social Contribution (SSC), which is regulated by [17, 
18], is 22%, which significantly reduces the tax pressure on the 
enterprise and, in turn, the cost of passenger transportation. 
On the basis of the received personnel WF, the value of SSC is 
calculated and put into the estimate: 
 
Vssc = 504.62 * 0.22 = 111.02 UAH. 

 
Thus, WF along with SSC is: 
 
504.62 + 111.02 = 615.64 UAH. 
 
According to the "Fuel" and "Lubricants" items the following is 
planned: expenses for automobile fuel, lubricants and other ex-
ploitation materials in accordance with the applicable norms and 

prices (taking into account expenses for delivery to the place of 
preservation and distribution). Calculation of the need for auto-
motive fuel is based on the total mileage taking into account 
current fuel consumption standards [19]. 
The linear (basic) rate of gasoline consumption for the Ruta bus 
is 10.5 l / 100km according to the current standards. The total 
corrective factor (taking into account the work in a city with a 
population of up to 0.5 million people K1 = 5%; with frequent 

stops associated with passenger loading and unloading K2 = 
10%)  KE = 5 + 10 = 15% . Variable planned fuel consumption 
for these conditions at a total run of 102.4 km is: 
 
Qn = 0.01x10.5x102.4h (1 + 0.01x15) = 12.37 liters. 
 
At the average cost of A-92 28.22 UAH / liter in Poltava region 
(as of 09.03.18), fuel costs are:  

 
Cfuel = 12.37 х 28.22 = 349.08 UAH. 
 
According to the company, bus uses gas as a fuel with consump-
tion of 20 l / 100km. Then the costs are as follows: 
 
Qn = 0.01x20x102.4h (1 + 0.01x15) = 24.58 liters. 
 

At the average cost of, 13.16 UAH / liter (propane butane) and 
14.71 UAH / liter (methane) in Poltava region (as of March 9, 
2018), the monetary costs are: 
 
(propane-butane) Cfuel = 24,58 x 8,16 = 323.47 UAH; 
(methane) Cfuel = 24.58 x 13.29 = 361.57 UAH. 

Autogas system is not provided by a manufacturer, but it is 
mounted by a vehicle owner. The norms of spending resources 
approved by the Ministry of Infrastructure of Ukraine do not 
include the costs for converted vehicles, and therefore, taking 
into account the slight difference in total cost, we use petroleum 
costs the further calculations. 
Expenditure on operating materials includes the cost of 
materials such as: motor and transmission oils, special oils and 

plastic lubricants. The need for lubricating materials is 
calculated for each type of oil or lubricant, based on the 
consumption of oil per 100 liters of fuel consumption. Cash 
expenses are calculated on the basis of current actual prices for 
these materials [19]. The total cost of "Fuel" and "Lubricants" 
items is: 
 
Cfl = 349.08 + 88.56 = 437.64 UAH. 

 
Vehicle maintenance and current repair expenditures include the 
cost of materials used, spare parts and repairers' wages. These 
expenditures are determined specifically for 1 km of run, and for 
a daily run of 102.4 km they are as follows: 
 

UAH79,32

1000

)79,292(373760
66,15718

73,527425,13365

373760

4,102
C tyr 























 

 
Frequency of current repair and maintenance is used in accordance 

with the normative document [20]. Materials and spare parts con-
sumption is carried out according to the normative document [21]. 
In calculations of expenses for current repair and maintenance, the 
value of the standard of expenditure is taken at the level according 
to models of a similar class. Standard is set in USD and converted 
into UAH at the average rate of the NBU. 
The cost rate in the "Automotive tires" item is determined in ac-
cordance with [22] and is: 

 
Ctyr = (1206x6 / 60000x1,0) x102,4 = 12.35 UAH. 
 
The method of applying the adjustment coefficients is given in 
[23]. 
For a private carrier, with a small fleet of vehicles, it is difficult to 
use "Depreciation deductions" effectively because of inflation of 
long-term funds accumulation for the purchase of a new unit. 

Therefore, very often, these funds are spent on other needs of the 
enterprise, and the replacement of rolling stock is unlikely to oc-
cur, which leads to its aging. The way out of this situation is in-
volving of foreign investments (loans, leasing, etc.). In accordance 
with the classification vehicles are classified in the fifth group 
with a minimum permissible amortization period of five years. We 
use a straight-line method of accruing depreciation:  
 
Vdep = (448200x10) / (100 x 365) = 122.79 UAH. 

 
The "Total Manufacturing Expenditures" item includes the costs 
of enterprise service, organization of the transport process, enter-
prise management. In modern conditions, when an enterprise is 
closely linked to small businesses through vehicles sublease, these 
expenditures are collected every day by issuing permission to go 
on a route (technical inspection of entrepreneur’s vehicle by com-
pany’s mechanic and driver’s examination by a medical profes-

sional before going on the route). Often, these fees differ on dif-
ferent routes (according to attractiveness of passenger traffic flow) 
and do not depend on the services provided, which leads to mis-
understanding between the transporting company and entrepre-
neurs. On the other hand, these fees should not exceed the statuto-
ry provisions laid down in the calculations. 
For preliminary calculations of the transportation cost value it is 
allowed to take total production expenditures at the level of 15-

20% of the total amount of costs for the transportation of the esti-
mated cost which are: 
 



210 International Journal of Engineering & Technology 

 
VTOT.EXP = 1098,42 * 0,15 = 164,76 UAH. 
 
Estimated cost of work on the route includes all the above listed 
expenditures and is 1385.97 UAH / day. 
The transportation expenditures reflect the expenditures concern-
ing to volume of passengers transported. Transportation expendi-
ture for one passenger is: 
week day – Сpas= 1385.97/193= UAH 7.18 / pass.; 

week end – Сpas= 1385.97/138= UAH 10.04/ pass. 

3. Conclusion  

Daily operational expenditures on the "Center – Prykhod’ko 
street" route and the passenger traffic flow volume indicate that 
the cost for transporting of one passenger per week day is UAH 

7.18 / pass, and at week end it is UAH 10.04 / pass. At a social-
privileged (specified) by the city council fare of 3 UAH, carrier’s 
expenditures will be restored provided that at least 21 passengers 
per run and even distribution of passenger traffic flow are per-
formed. At present, the size of the passenger traffic flow is 
insufficient, which can be explained by its scattering due to the 
existence of alternative and overlapped routes. The carrier can 
cover expenses by fare increase or targeted subsidies 

(subventions). 
Finding the ways to reduce travel time costs can improve the 
quality of passenger transportation. Being used as a generalization 
criterion, transportation services allow a compromise between the 
interests of the carrier and the passenger. The optimal value of the 
vehicle number on the route is directly proportional to the expend-
itures of transportation time and is inversely proportional to the 
operating costs of a public transport enterprise. Also, an increase 

in the route length, which determines the turnaround time, requires 
an increase in the optimal number of vehicles. 
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rodzhenʹ transportnykh zasobiv avtomobilʹnoho transportu, zatver-

dzhenykh nakazom Ministerstva transportu vid 30.03.98r. № 102. 

[21] Normy vytrat na tekhnichne obsluhovuvannya ta potochne remont 

za osnovnymy markamy avtomobiliv, zatverdzheni nakazom Min-

transu vid 15.12.95 r. № 7 / 1-4-1071p. 

[22] Normy ekspluatatsiynoho probihu avtomobilʹnykh shyn, zatver-

dzheni nakazom Ministerstva transportu Ukrayiny № 488 vid 

15.06.2006r. 

[23] Ekspluatatsiyni normy serednʹoho resursu pnevmatychnykh shyn 

kolesnykh transportnykh zasobiv ta spetsialʹnykh mashyn, vy-

konanykh na kolisnykh shasi, zatverdzhenykh nakazom Minister-

stva transportu ta zv'yazku Ukrayiny vid 20.05.2006 № 488. 


