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Summary.The article deals with the influence of road conditions on fuel consumption by vehicles
when transporting goods and passengers, which depends on the speed of movement. The optimum fuel con-
sumption corresponds to the optimum speed of movement which is distinctive for each type of car. Increase
or decrease of the optimum speed leads to increased fuel consumption. Elevations reduce the speed and in-
crease fuel consumption by up to 30%. Road conditions (width of roadway, condition of surface, presence of
horizontal curves, longitudinal slopes, pedestrian crossings, settlements) cause a change in the speed of move-
ment and consumption of fuel and lubricants. It is possible to take into account the road conditions by plotting
the speed of movement along the route, the change in the speed occuring during the travel time and socio-
economic indicators of the route.

Based on this chart, fuel costs and route times are calculated. Since the cost of fuel is 50-52% of the
cost of transportation of goods and passengers, the cost will be roughly 2 times higher. The cost of transporta-
tion of goods by trucks is characterized by the cost of transportation, and the transportation of passengers by
the cost and time spent by passengers when traveling the route.

Keywords: road, car, speed, fuel consumption, route travel time.

Introduction. Transportation of goods and passengers is estimated by the route travel time.

Travel time depends on the type of vehicle, road conditions, weather conditions and traffic organiza-
tion. The average speed of the car on individual sections of roads on the route may be the main criterion
(5,6,7,8). Road conditions determine the average speed of the car. Under road conditions, we mean geometrical
parameters of the motorway (the width of the roadway, the number of lanes, the radii of horizontal curves,
longitudinal slopes, the radii of vertical curves, the availability of settlements, pedestrian crossings) and the
state of surface (coefficient of adhesion, flatness). The article considers the question of plotting the speed of
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the car by defined route and determination of fuel consumption by cars that affect the cost of transportation
both for goods and passengers. Fuel costs depend on the type of vehicle, its purpose, average speed in various
road and weather conditions, which increase with decreasing or increasing the speed of movement from opti-
mal speed.

Purpose and methods. The cost of the route travel depends on fuel consumption and average speed
of the car. The result will be the route travel time and its cost.

So the time of the route travel depends on the speed of the car, and this in turn depends on the geometry
of the road and the type of car:

r=fwv.p), (1

where : V=HIL,C( !)
P- type of car,
I1- road parameters,
C- state of surface.

The main criterion for the cost of freight transportation is the cost of fuel and lubricants. The cost of
transportation of goods by highways consists of the cost and profit.

The cost of transportation of goods by cars is formed as follows ( 3,4 ):

c:(CT+cw+cp+ca)+C";ﬁ, )

where V- speed of the car (km/hour);
Cr- fuel and lubricating material costs (uah /km);
Cui- the costs of tire wear (uah / km);
Cp- maintenance and repair costs (uah / km);
Ca- restoring costs and depreciation (uah / km);
C- fixed costs (uah/ hour);
Czm- driver’s wage (uah/ hour).
The costs considered can be divided into three groups. The first group depends on the car driving (uah / km),
second on the length of the journey (uah / h), third on the speed of cars (km/hour).

When examining the cost of driving a car the following must be taken into account: speed, length of the
journey, length of the route.

The cost of fuel and lubricants, taking into account the cost of the length of the section of the road 1km.

G=L1G-1f (3)

where Gs - fuel consumption at 1 km (1);
LIt — cost of fuel (uah.)

Gs=f(;P), 4)
where P- type of car.
0. 11, K
Tire wear costs: Cw = M , (5
Hy,
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where LI - cost of tire, uah.;

Hi - the mileage is set at 1 km;

[T - number of tires;

Ke- takes into account road conditions.
Depreciation deductions:

c, =Hea g, (6)
1000
where la - car cost, uah.;
a — the rate of depreciation deductions.
Maintenance and repair rates:
C,=H,K. (7)
where Hot - maintenance rates.
According to the data ( 4 ) part of expenses in percent.
Table 1 — Costs of transportation of goods and passengers
Tabauus 1 — ButpaTu Ha ne6peBe3eHHs BAHTaXKiB 1 Maca>KupiB
General | Fuel and lub- | Depreciation | Repair and ser- Fixed Wage Assignment
costs ricants Costs vice
100 52 22 5 12 6 3

It can be seen from the table that fuel and lubricants account for 52% of freight costs, while salaries
and business trips make up 9%, which together make up 61%.

Fuel consumption is characterized by the type of car and the optimum speed, which can be expressed
by the following graph:
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Figure 1 — Dependence of fuel consumption by the car on the speed of movement.
Pucynok 1 — 3anexxHicTb BUTpaT MalnBa aBTOMOOITIEM BiJl IIBUIKOCTI PyXy
The optimum speed depends on the type of vehicle and varies from 35 km/h to 80 km/h.

Results and explanation. The speed of the cars depending on the geometry of the road is calculated
as the decrease of the average free-movement speed from the number of lanes, the width of the lane, the radii
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of horizontal curves, the longitudinal slope and the equality of coverage, the passage of settlements, the planned
solutions of crossings and adjacencies.

So the speed of free movement of cars on a horizontal straight section of the road, depending on the
category of road and vehicle type, is given in Table 2

Table 2 — Average free traffic speed depending on the type of road and type of vehicle.
Tabmuis 2 — CepeiHi MIBUAKOCTI BUILHOTO PYXY B 3aJI€KHOCTI BiJl KaTeropii A0pir Ta THUILy aBTOMO-

OimiB
Ne Road cate- Number of Average speed, km/hour
gory lanes Cars Trucks Buses Auto trains

1 Ia 6 91,13 75,70 77,50 81,03

2 Ia, IO 4 88,04 75,77 74,61 80,00

3 I 2 84,29 71,90 71,50 72,93

4 11 2 79,72 67,06 69,33 71,11

5 v 2 75,83 64,08 67,03 68,75

Reducing average speed depending on the radius of the horizontal curve, taking into account the type
of vehicle through its average length, depending on its size, is shown in Figures 2 and 3.
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Figure 2 — Graph of the average speed depending on the radius of the horizontal curve up to 100 m and the

average length of the car.

Pucynoxk 2 — I'padik 3a1eKHOCTI CepeAHbOI IBUAKOCTI PYXY BiJl pajaiyca ropu30HTaIbHOI KpuBoi 10 100 M

Ta CEPeHbOI JOBKUHH aBTOMOOLIS
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The dependence of the average speed of movement on the radius
of the horizontal curve
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Figure 3 — Graph for determining the average speed of traffic flow depending on the radius of the horizontal
curve from 100 m to 600 m and the average length of the car
Pucynok 3 — I'padik 1o BU3HAYECHHIO CEPEIHBOI IIIBUAKOCTI PyXy TPAHCIIOPTHOIO IIOTOKY B 3aJICKHOCTI BiJl
paaiyca ropuzonTtanbHoi kpuBoi Bix 100 M 1o 600 M Ta cepeqHbo1 TOBKUHHA aBTOMOO1IIS
The reduction of the average free-movement speed, depending on the longitudinal slope, is shown in
Figure 4.
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Figure 4 — Graph of the dependence of reducing coefficients on the longitudinal slope

Pucynok 4 — I'padik 3a1€KHOCTI 3HUKYIOUUX KOSOIIIEHTIB BiJl 03I0BXKHBOIO TOXHITY

The speed of the car is greatly influenced by the magnitude of the impact indicators, varying from 20
to 400 cm / km:

V=V,—0,035, (®)

where V, — free-wheel speed, km / hour;
S — impulse indicator.
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Based on the parameters of the highway and the presented dependencies, a graph of the speed of the
motorway is formed, shown in Figure 5.
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Figure 5 — Average speed graph

Pucynoxk 5 — I'padik cepeaHpoi MBHIAKOCTI pyXy

Direct and dashed lines show the direct and reverse motion of cars where:
V, — speed of movement depending on the equality of coverage;

V, — speed depending on the intensity of the movement;

Vi — speed depending on the longitudinal slope;

V. — speed of movement depending on the radius of the horizontal curve;
Vy — free movement speed;

V, — restriction of speed of traffic by means of traffic organization.

On the basis of the received graph, the time of the current route travel, as well as the fuel consumption,
are determined. When calculating fuel consumption, it is necessary to take into account the elements of the
road. When driving on the elevation, fuel consumption is increased by up to 20% according to the number of
researchers. Increasing or decreasing the speed with respect to optimal speed increases fuel consumption up to
10% for every 10 km / h of change in speed. (1,2,3,4,9)

Conclusion. During the determination of the cost and travel time on the road, in accordance with the
task, the average speed of the vehicle is taken into account, including the parameters of the road and the con-
dition of coverage.
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BIIJIUB JOPOKHIX YMOB HA BUTPATHU ITAJIUBA ABTOMOBLJIIB
Honyx Karepuna MuxaiyiBHa, K.T.H., TOIEHT Kadeapyu MPOEKTyBaHHS JOPIr, Teoae3il Ta 3eMIIeyCTPOIO,
HamionaneHuiA TpaHCTIOPTHUHN YHIBEpCHUTET.
https://orcid.org/0000-0003-2544-5359
Manbuuk AHTOH JIMUTpPOBUY, acTipaHT Kadeapu TypusMmy, HarioHamsHANA TpaHCTIOPTHUI YHIBEPCHUTET.
https://orcid.org/0000-0002-1467-3658
AHoTauisi. B cTaTTi po3rIsHyTO IUTaHHS BIUIMBY JOPOXKHIX YMOB Ha BUTPATH MMAJINBa aBTOMOOLIIMHU

NIpY MIEpPeBE3eHHI BaHTAXKIB Ta MMAacakKupiB, AKi 3a1eXaTh BiJ MBUAKOCTI pyXy. ONTHMaIbHI BUTPATH NaMBa
BiJNOBIAAI0Th ONTUMAaJIbHINA MIBUIKOCTI PYXY, IKa € XapaKTEPUCTUKOIO IJIsl KOKHOTO THITy aBToMOOis1. 30i-
JBINIEHHS a00 3MEHIIIEHHS IMBUAKOCTI PYXY BiJl ONTHMAJIBHOI PUBOIATE IO 30UIBIICHHS BUTPAT MAIMBa aB-
ToMoOinsiMu. HasiBHICTB migiloMiB 3MEHIIY€e IBUAKICTH pyXy Ta 3011b11ye BuTpaTh nanusa 10 30%. opoxHi
YMOBH (IIMPHHA HPOi3HOI YACTHHU, CTaH HOKPHUTTS, HAIBHICTh TOPU30HTAIBHUX KPUBHX, ITO3I0OBXKHIX ITOXH-
JIiB, MIIOXiAHUX TEPEXOiB, HACEIEHUX IMYHKTIB) BUKJIMKAE 3MiHY IIBUAKOCTI PyXy Ta BUTPAT MaJHUBO-MACTH-
JBHUX MaTepianiB. YpaxyBaHHS AOPOKHIX YMOB MOXKJIMBE depe3 MoOyA0BY Tpadika MBUAKOCTI PyXy IO Ma-
pHIPYTY, 3MiHA MIBUIKOCTI pyXy BUHUKAE 1 HA Yac MPOi3y Ta COMiaIbHO-€KOHOMIUHI TTOKA3HUKH TPOI3Iy Ma-

pHipyTy.
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Ha ocHoBi 11koro rpadika po3paxoBYIOThCS BUTPATH MaJMBA Ta 4ac MPOi3ay Mapmipyty. Tak sk Bu-
TpaTH manuBa ckiaanaTh 50-52% BapToCcTi MepeBe3eHb BAaHTAXKIB Ta MAacaXHpiB, TO COOIBApTICTh Oyne y 2
pasu Oinpira. BapTicTh mepeBe3eHh BAHTAKHIUMH aBTOMOOUISIMH BaHTaXiB XapaKTePHU3YETHCS COOIBAPTICTIO
MepPeBe3CcHb, a TICPEBE3CHHS MACAKUPIB COOIBAPTICTIO Ta BUTPATAMU Yacy MACaKUPIB MPU MPOI3l MapIIPYTYy.

Kuarw4ogi ciioBa: gopora, aBToMOO011b, IIBUIAKICTH PYXY, BUTPATH TAIHMBA, YacC TIPOi3ay MapIpyTy.
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