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Abstract. Transport processes research are closely
related to the economic and operational performance of
road transport. During planning road transportation, the
most important factor is the transport services cost.
Known fact that most of the transportation costs are car
fuel. The share of car fuel in the transport tariff cost can
be 25-50% (depending on the working conditions of vehi-
cles). Therefore, research that is associated with improv-
ing the vehicles efficiency by reducing variable costs is
appropriate and relevant. The article presents the results
of research on the planning of transport processes in the
road transport performance in international road transport
for the return flight and calculating methods the demand
for the amount of fuel purchased in different countries
with different prices.

The author presents the results of theoretical and ex-
perimental research the adequacy of the mathematical
model (methodology). The specified mathematical model
consists in substantiation of a technique of calculation of
quantity of car fuel, definition of the variable factors in-
fluencing volumes of fuel expenses, calculation of correc-
tion factors (total) received on the basis of technical and
operational indicators of vehicles and the influencing fac-
tors connected with features of road transport work. . The
second part of the research contains the results of the de-
velopment of an algorithm development to calculate the
total cost of automotive fuel, which was purchased at dif-
ferent prices in several countries. Thus, the main purpose
of research is the task of substantiating the algorithm
(mathematical model — methodology) for determining
fuel costs by the criterion of the highest use of fuel in
countries at the lowest prices.

Key words: international road transport, road
transport, transport costs, fuel cost, transport cost plan-
ning.

Introduction

In a market economy and globalization of produc-
tion, operations of enterprises involved in foreign eco-
nomic activity (FEA) in the supply chain will become
more widespread not only in trade but in the industrial
production and especially agricultural products also.

The market shares of international transportation of
finished products by road between Ukraine and its partner
countries reaches over 60%.

According to the reporting data of the International
Road Transport Union (IRU), the distribution of cargo
transportation on regular international road routes (with
the participation of Ukraine) is occupied by the territories
of countries: two — 25.1%, three — 38.9%, four 21.4%, five
—only 4.8% for the period 2014-20109.

This clearly means that the share of road freight
transportation within three and four countries is the larg-
est, so The scope of the research, these routes were con-
sidered.

Formulation of problem

Among the costs items in the performance of road
transport costs of motor fuel is the highest among others.
Therefore, to forecast transport costs, it is necessary to
have such a calculation algorithm that the results are cal-
culated with minimal deviations in certain operating con-
ditions of rolling stock. Scientific and research work on
the substantiation of methodological approaches to calcu-
lating the total fuel consumption in road transport are rel-
evant and such that currently remain a priority research
area for researchers. The main purpose of these researches
is to find an algorithm that can adequately achieve the
goal of the planned research.

Problems related to the calculation of fuel consump-
tion in commercial vehicles by carriers and scientists are
solved by different approaches. It is known that the total
fuel consumption of a road train depends on many opera-
tional and design factors, such as engine design (effi-
ciency), cylinder capacity and piston stroke, excess air ra-
tio, etc. Also an important factor is the quality of fuel,
which differ in density and combustion temperature. The
fuel consumption is influenced by the operating condi-
tions - the quality of the hard road surface, terrain, speed
of traffic, seasonal factors, the use of additional equip-
ment, the own weight of the cargo and the equipped
weight of trailers.

The vast majority of factors influencing fuel con-
sumption are controlled and have small deviations of up
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to 2%. But uncontrolled factors such as road and weather
conditions, driver qualifications cannot be predicted and
taken into account in algorithms with a certain probabil-
ity, is deviations from the basic indicators.

The share of the road transport market in interna-
tional traffic between Ukraine and its economic partners
reaches 60%. Volumes of cargo are transported by road
through the territory, mainly 2, 3, 4 countries. Taking into
account the passage of international routes on the territory
of 3 and 4 countries is the largest, so these studies are per-
formed for the specified conditions of the routes.

Analysis of recent research results

Fuel consumption rates and motor oil in road
transport are regulated by the order of the Ministry of
Transport of Ukraine dated February 10, 1998 N 43 with
the latest changes of the Ministry of Infrastructure of
Ukraine by order dated January 24, 2012 N 36. In practice,
fuel consumption rates may differ - may be higher or
lower depending on the influence of a complexity of sub-
jective and objective factors [1-12].

The paper analyzes research on the calculation of
fuel consumption. We pay special attention to the works
devoted to the search for adequate mechanisms to increase
fuel efficiency in the operation of vehicles, calculating
fuel consumption in road transport depending on different
operating conditions, using experimental, statistical and
analytical models [2-9]. The authors [2-6] hold the view
that analytical techniques have an advantage over experi-
mental in terms of natural causes and are rational for prac-
tical use by workers in the automotive industry. Another
approach is analytical-experimental, adopted for the con-
ditions of research [5, 6, 8]. In the works of researchers, a
common approach to optimizing fuel efficiency in the per-
formance of transportation is the selection of vehicles
with appropriate parameters and, based on this, adapt an-
alytical techniques for calculating fuel consumption
[2,6,7,9].

The algorithm for determining fuel consumption can
be set directly for the operation of a particular rolling
stock with the maximum approximation. However, there
are operational factors that cannot be predicted with high
accuracy, so the analytical dependences introduced cor-
rection factors [2-9]. Correction factors are best deter-
mined using statistical research methods and then intro-
duced into the method of calculating fuel consumption,
process maps, accounting programs, etc. [6-8].

A review of recent studies has concluded that the cal-
culation of fuel consumption for the operating conditions
of the car company should be determined by an algorithm
that takes into account the technical characteristics of the
car (rolling stock) and a number of influencing factors
with mandatory determination of adjustment factors ex-
perimentally.

Purpose of research
In order to ensure adequate forecasting of fuel con-

sumption in the performance of international road
transport, it is planned to theoretically substantiate the

model and experimentally test it in operating conditions,
namely: to perform research to determine the amount of
fuel consumption on the route; experimentally confirm
the adequacy of models to determine the amount of fuel
consumption; determine the conditions for the distribution
of prices by country of the route; analytically determine
fuel costs by the criterion of their minimum prices on the
route.

Results of research

The author analyzes a multiple research devoted to
the search for adequate methods for determining fuel con-
sumption in road transport, directly experimental, statisti-
cal and analytical. Most authors are of the opinion that an-
alytical techniques have an advantage in terms of natural
causes and are rational for practical use by workers in the
automotive industry [1, 2]. Another approach is analytical
and experimental.

The essence of this approach is the adaptation of the
analytical model to the experimental research results of
fuel consumption. The experimental part is based on ob-
taining reliable cost data by installing special measuring
equipment flow, mechanical, pulse and reciprocally incor-
porated (mechanical recorders + remote pulse waveforms)
flow meters, as well as the so-called fuel-air receivers,
which are widely available of different manufacturers on
the market today.

The results of the research are processed by engi-
neers and adjustments are made to the values of the ele-
ments of the adjustment factor. Therefore, the experi-
mental part of our research to determine fuel consump-
tion, we conducted using a car/fuel log DFM 100D. The
basis of the car/fuel log DFM 100 D measuring volume
chamber of the ring type. When the fuel flows, the sensor
begins to generate a pulse that will be equal to the volume
of the measuring chamber. It can be used both autono-
mously and as a part of GPS / GLONASS systems of mon-
itoring of transport and control of fuel consumption. In
research, the car/fuel log worked autonomously.

Every engineer, manager, logistician must know not
only the technical and operational parameters of rolling
stock, but also the specifics of freight conditions in which
the company specializes and take into account the partic-
ularities, calculating the adjustment factor for selected op-
erating conditions and routes [2]. In terms of scientists, it
is possible to solve a multicriteria problem with many dif-
ferent factors that accompany the transport process, but
with a fairly approximate result, in the universalization of
these processes is not accurate. Therefore, there is an in-
dividual approach, which we have chosen for research.

Due to researches it is established, that the classic,
proven in practice analytical model for calculating the to-
tal cost of automotive fuel on the selected route is fully
suitable for achieving this goal. Therefore, the calculation
of total fuel consumption Qzag define:

Qtor = (%' lior + % ’ W) "kq 1)
where lio: — total mileage on the route, km; Qw - additional
specific fuel consumption rate per 100 ton km; W — per-
formed amount of transport work, t - km;
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W = Q¢ lioe, t - km; (2
where Q. — weight of transported cargo, ton; Qran - linear
rate of fuel consumption for the mileage of the road train:

QLan=QL+Qw ‘Gg, 1/100 km (3)
where Q. - basic linear rate of fuel consumption,
I /100 km; G - equipped weight of the semi-trailer, ton;
ki — adjustment coefficient.

The correction coefficient is the average value ob-
tained from the results of experimental measurements
with DFM 100 D. The results of the research were con-
structed through highlight the influence of certain main
influencing factors (for example, such as the average
speed of vehicles; road conditions (route specificities),
seasonality, weight of the transported cargo and much
more) on the additional fuel consumption on the route.
The obtained of fuel consumption by factor research were
summed up and included in the total correction factor (ka).

To calculate the fuel consumption of trucks on sec-
tions of the pendulum route in both directions, it is neces-
sary to determine the cost per kilometer passed way, and
therefore we have get in general terms:

Quotgemy = (222 4+ 206m . ) - ey, Likm (4)

Given the restrictions on the import of fuel into the
countries of the route, the limitation of the standard tank
vehicle volume (standard, manufacturers), determine the
conditions of refueling in the countries of the route, de-
pending on its cost. The main goal is to refuel the vehicle
in such a way as to maximize the use of fuel at a lower
cost.

Let's draw a pendulum route through the territory of
three countries in the form of vector graphics (Fig. 1).

a b c

Fig. 1. Scheme of the pendulum route in the form of
unified vectors. A - point of departure; D - point of arrival;
B and C - customs checkpoints at the borders of neighbor-
ing countries; a, b, ¢ - the countrys of passage of the route;
Va, Vb, Vc - cost of fuel by countries of routes; La, Lb,
Lc - the distance of the route through the countries of the
route.
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The next task of the research was to determine the
conditions of fuel price distribution in the countries of the
route. We present the conditions as follows:

1) Ba<Bb<Bc;

2) Ba>Bb>Bgc;

3) Ba<Bb>Bc; npu Ba>Bc;

4) Ba<Bb>Bc; mpu Ba<Bc.

5) Ba>Bb<Bc; npu Ba>Bc;

6) Ba>Bb<Bc; npu Ba<Bc.

For further calculations, the initial data are: fuel con-
sumption in the forward and reverse directions per one
km; distances by countries of the route; standard tank ca-
pacity; the minimum technological stock of fuel in a tank.
In practice, to determine fuel consumption by the criterion
of the minimum price in the countries of the route can be
a specialist "manually”. therefore, drawing up a scheme
of the route, calculating the fuel cost by country depend-
ing on the distance traveled, taking into account the fuel
cost by country of passage of the route and then the
scheme of minimization. The result of such calculations
is a recommended table (place) of refueling vehicles with
the exact indication of the fuel volume before or outside
the customs borders of countries and at intermediate refu-
eling points.

We conducted a full cycle of analytical research to
calculate the cost of international transportation in three
and four countries under all possible conditions of the dis-
tribution of fuel prices in the countries of the route. The
obtained results were appropriately processed, checked
for adequacy and entered in the form of appropriate algo-
rithms into the computer program Microsoft Excel, which
performs the necessary calculations in a split second for
all possible options (Fig. 2).

To achieve this goal, Microsoft Excel was chosen for
the reason that this program is on any PC. The set purpose
of researches is executed in full, and the analytical model
on definition of expenses of means for performance of the
international routes, under various conditions of distribu-
tion of the prices on the countries, on criterion of their
minimization, is realized in the computer program Mi-
crosoft Excel not only for scientific purposes, but for prac-
tical use at car companies and logistics organizations also.

14

Calculating the cost of fuel volume for three countries

Terms of price distribution by country * (click and go
to the calcul page)

15 Basic linear fuel consumption rate, | / 100 km

22,1

Ca=Cp=Cys

16 Total correction coefficient.

17 Equipped weight of the semi-trailer, ton

1324

6.8

G C3> C,
Ca=Cyp= Coimpt 05> €y

18 Cargo welight, ton

19,1

C,<Cy>C . mpu C,<C,.

19 Valume of the tank
Minim. technalogist, fuel reserve, |

The name of the country

600

60

Distance by country, km

o= CpSCol Pl €3> Cy;

Co=CW< Oy mpt C,<Cy;

Fuel price by country, EUR /|

22 Ukraine

280

0,88

23 Belarus
24 Lithuania

100
417

0,61
1,02

Fig. 2. View of the main page window with the initial data of the program for determining fuel costs by the criterion
of using fuel with a minimum price for international transportation through the territory of three countries.
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Thus, the article substantiates the analytical mathe-
matical algorithm for determining the minimum cost of
fuel, in the implementation of the international pendulum
flight, on the criterion of maximum use of its volume with
the minimum price in the countries of the route.

Conclusions

1. Research substantiates and confirms the effective-
ness of adequate methods for calculating fuel consump-
tion in road transport.

2. The conditions of modification of the price distri-
bution by the countries of the route are determined in or-
der to substantiate the algorithm for determining the min-
imum fuel costs in the implementation of the international
road pendulum route.

3. Analytically substantiated and tested in practice
the algorithm for determining the minimum fuel con-
sumption in the implementation of the international pen-
dulum flight, taking into account the difference in fuel
prices by country of route.
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METO/I1 ONTUMI3ALI EKCITTY ATALIIMHUX
BUTPAT HA ABTOMOBIJIbLHOMY TPAHCIIOPTI
NP1 MIXKHAPO/IHUX NTEPEBE3EHHAX
C. I. Bonoapes

Amnoranis. [locniypkeHHsI TPaHCIIOPTHUX IPOLECIB
TICHO TIOB’sI3aHi 3 €KOHOMIYHHMH ¥ eKCIUTyaTaIiiiHIMHU
MTOKa3HUKaMH pOOOTH aBTOMOOITEHOTO TpaHcmopTy. [Ipu
IUTaHyBaHHI aBTOINEPEBe3eHb HAWOUIBII BaYKIUBUAM (hakx-
TOPOM € BapTiCTh TPAHCIIOPTHOI Mociyru. Bimomo, mo
HaliOLIpIIa YacTHHA TPAHCIOPTHUX BUTPAT € aBTOMOOI-
JIbHE TajJbHe. Y BapTOCTI TPAHCIIOPTHOTO TapH(y YacTKa
ABTOMOOUILHOTO TAIbHOrO MOXe ckiamatu 25-50 % (B
3aJIeXKHOCTI Bl yMOB po0OTH TpaHcnopTy). Tomy mocii-
JOKEHHS, SIKI [TOB’s13aHi 3 MiABUIICHHSM e()eKTUBHOCTI PO-
00TH aBTOTPAHCIIOPTY 32 PaXyHOK CKOPOYEHHS IepeMiH-
HHUX BHUTpAT € JOUUIBHUM 1 aKTyalbHUM. Y CTaTTi HaBe-
JICHI pe3ynbTaTh JOCHIIKeHb 3 IUIaHYBaHHS TPAHCIIOPT-
HUX MPOLECIB NMPH BUKOHAHHI aBTOIEPEBE3CHb Y MKHa-
POIHOMY CIIOyYeHHI 32 0OOPOTHHH peiic i METOIH PO3-
PaxyHKy HOTpeOH KiIbKOCTi MaJILHOTO, SKe Mpuadanu B
pi3HUX KpaiHax 3 Pi3HOIO IIHO0.

ABTOPOM TIpENICTABJICH] PE3yIbTaTH BUKOHAHUX Te-
OpPETUYHHX JIOCITI/DKEHb Ta EKCIIEPUMEHTAJIbHO IepeBi-
PEHO aJeKBaTHICTh MaTeMaTHYHOI Mozeni (METOJHMKH).
Bxa3zana MaremaTHYHa MOJIEITb MTOJIATAE Y OOIPYHTYBaHHI
METOJIMKH PO3PAXYHKY KIJTBKOCTI MaJbHOTO, BU3HAUCHHSI
BapiaTMBHUX (DaKTOPIB, IO BIUTMBAIOTh HA 0OCATH BUTpAT
Ha MajbHe, PO3PAaXYHOK KOPHUTYBAIBHHX KOe(illi€HTIB
(cymapHUX), OTpIMaHUX Ha OCHOBI TEXHIYHUX 1 €KCILTya-
TaI[ifHUX ITOKa3HUKIB aBTOMOO1IIIB Ta BIDTMBOBUX (haKTO-
piB, IO TOB’s13aHi 3 OCOOIUBOCTSIMH POOOTH aBTOTpaHC-
nopty. /Jlpyra 4acTuHa JOCIIUKEHb MICTUTH pe3yJIbTaTH
PO3pOOKH anropuTMy, MPU3HAYCHOTO A OOYMCICHHS
CyMapHHX BUTPAT KOIITIB HA aBTOMOOUIBHE MaibHe, SKe
Oyyo mpumbaHe 3a Pi3HOIO I[IHOK B JCKIIBKOX KpalHax.
OTKe roJIOBHOIO METOIO JIOCIII/PKEHD € 3aj1a4a, 110 MOoJIs-
rae y oOrpyHTYBaHHI alropuTMy (MareMaTHIHOT MOJEi
— METOJUKH) 3 BU3HAYEHHsI BUTPAT Ha MaJibHE 33 KpUTe-
pieM HaMOLTBIIOr0 BUKOPUCTAHHS MAJIHOTO B KpaiHax 3a
HaliMEHIIMMU LiHAMHU.

KoaiouoBi cioBa: MiXHapOIHI aBTOIIEpEBE3CHHS,
TIepeBe3eHHs] aBTOTPAHCIIOPTOM, TPAHCIIOPTHI BUTpPATH,
BapTICTh NMaJBbHOTO, IUIAHYBAHHS TPAHCIIOPTHUX BUTpAT.

METOAbI OITTUMU3ALINUN SKCITITY ATAIITMOH-
HBIX 3ATPAT HA ABTOMOBWJIBHOM
TPAHCITIOPTE TP MEXJITYHAPO/IHbBIX
ITEPEBO3KAX
C. Y. bounoapes

AHHoTaums. VccienoBaHue TpaHCHOPTHBIX IPO-
1IECCOB TECHO CBS3aHbI C dKOHOMMYECKUMU U 3KCIUTyaTa-
LUOHHBIMU TOKA3aTeNsIMH pabOThl aBTOMOOMIBHOTO
TpancnopTa. [Ipu maHHpPOBaHUM TEPEBO30K Hamboee
BaXXHBIM (DAKTOPOM SIBIISICTCS CTOMMOCTh TPAHCIOPTHOM
ycnyru. M3BecTHO, 4TO OOJbIIasi 4acTh TPAHCHOPTHBIX

Pacxo/oB SABJIAETCSA aBTOMOOMIBHOE TOILTHBO. B cTronmo-
CTH TPAHCIIOPTHOTO TapHuda I0JIsT aBTOMOOHILHOTO TOTI-
JMBa MOXET cOCTaBIATh 25-50% (B 3aBHCHUMOCTH OT
ycrmoBuid paboTsl TpaHcnopta). [losToMy mcciemoBaHus,
CBsI3aHHBIE C IOBHIMICHUEM 3P PEKTHBHOCTH PabOTHI aB-
TOTPAHCIIOPTA 33 CYET COKPALICHHS IEPEMEHHBIX Pacxo-
JIOB LieJIeco00pa3Hbl M aKTyajbHbL B cTaThe npuBeieHb
pe3ynbTaThl HCCIECIOBAaHMH MO IUIAHWPOBAHUIO TPaHC-
MOPTHBIX IPOLIECCOB MPH BHIOJHEHUH aBTOMOOHIBHBIX
MEPEeBO30K B MEXKTyHAPOJHOM COOOIICHUH 32 00OPOTHBIH
peiic u MeTolbl pacueTa NOTPEOHOCTH KOJIMYECTBa TOII-
JIMBa, KOTOPOE MPUOOPEIH B Pa3HBIX CTPaHaX 32 Pa3HbIMHU
[EHaMH.

ABTOpPOM IIPEZICTaBICHBI PE3YIbTAaThI BHITTOIHEHHBIX
TEOPETHUYECKUX HCCICNOBAaHUH M 3KCIIEPUMEHTAIBHO
MPOBEPEHO aAEKBATHOCTh MaTEMATHYECKON Moeny (Me-
TOJVKH). YKa3aHHAs MaTeMaTHIECKash MOJEIb 3aKI0qa-
eTcsl B 00OCHOBaHMH METOJMKH pacyeTa KOJMYecTBa TOII-
JiMBa, OMPCACIICHUA CMCHHBIX (baKTOpOB, BIIUAIOIINX Ha
00BEMBI PACX0JIOB TOIUIUBA, KOPPEKTHUPYIOMINX KO3(D(Du-
[UEHTOB (CYMMAapHBIX), IOJYUYEHHBIX HA OCHOBE TEXHHU-
YeCKHX U KCIUTyaTallMOHHBIX ITOKa3aTeleil aBToMoomIeit
U BIIUATCIBHBIX (baKTOpOB, CBs3aHHBIX C OCO6CHHOCT}IMI/I
paboThl aBTOTpaHCHOpTa. BTOpas dacTe MccienoBaHmit
COJICP)KUT PE3yJbTaThl pa3pabOTKK aJropuTMa, mperHa-
3HAQUEHHOTO MJIsI BBIUUCICHUS CyMMapHBIX 3aTpart
CPEACTB Ha aBTOMOOMJIBHOE TOIUIMBO, KOTOpOE OBLIO
IMPUOOPETEHO 1O pa3HOil LIeHEe B HECKOJBKHX CTPaHaX.
ITosToMy T7aBHOW NENBIO HCCIIEAOBAHUM SBISICTCS 3a-
Jlaya, KOTopasi 3aKJIH4aceTcsi B 000OCHOBAaHMU ajrOpUTMa
(MaTeMaTHYECKOW MOJIENH — METOJJUKH) 110 ONPE/ICIICHHIO
CYMMBI 110 KPHUTEPHUIO HAHOOJBIIEro UCTIOIb30BaHHs 00b-
eMa TOIUTMBA B CTPaHax I/l ero [ieHa HauMeHbIIasl.

KaoueBble cjioBa: MeXIyHapoJHble aBTOIEpe-
BO3KH, II€PEBO3KH aBTOTPAHCIOPTOM, TPAHCIIOPTHBIC
pacxoypl, CTOMMOCTh T'OPIOYETro, IUIAHMPOBAHHUE TPaHC-
MOPTHBIX PACXOJIOB.
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