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Abstract. The article is devoted to the solution of a topical issue — improving the
efficiency of the road transportation process on the basis of improving the methods of
selecting vehicles for the transportation of certain agricultural cargo under the given
operating conditions.

It has been proved that a significant number of parameters influence the efficiency
of road transportation in agricultural production. In addition to the generally accepted
factors (costs of maintenance and fuels and lubricants), transportation conditions, cargo
type, type of unloading and loading operations have a significant impact in agricultural
production conditions.

It is proved that the variety of agricultural cargo within one farm encourages
enterprises to form a universal vehicle fleet. As a result of the analysis of purchases of
vehicles by agricultural enterprises, it has been determined that there are no stable
approaches of enterprises to forming the vehicle fleet, which confirms the thesis of the
influence of a large number of factors on the choice of vehicles for transportation in
agricultural production conditions.

The approaches to the definition of the reserves for increasing the efficiency of
the available vehicle fleet and to the formation of the optimal structure for certain
operational conditions have been considered. The objective need for proper grounding of
the choice of vehicle for the conditions of agricultural production, due to the need to take
into account a large number of parameters that characterize both the vehicle and the
cargo and transportation conditions.

In this context, the authors have proposed for practical use an algorithm for selecting a
vehicle to perform specific transport work on the transportation of agricultural products,
which takes into account the set of vehicles characteristics, cargo type, and transport
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conditions. Attention has been drawn to the need for a systematic approach to the
selection of transport vehicles estimation criteria in agricultural production. Taking into
account the size of the bulk density, the availability of loading and unloading facilities,
the peculiarities of transportation conditions, the amount of average expenses per unit of
transport allows to comprehensively assess a single vehicle, optimize the choice of vehicle
transportation of concrete agricultural cargo, minimize financial losses, thus, to increase
the efficiency of the transportation process in agricultural production.

Consideration of the optimal list of vehicle parameters provided by the presented
algorithm will increase the efficiency of the transport process in agricultural production,
both by reducing operating costs and by saving cargo and time. The clear structure of
the proposed algorithm, with a justification of each stage and the purpose of each step,

certainty and discreteness make it easy to solve with available software.
Keywords: algorithm; transportation process; transport work; transportation
process optimization; evaluation criteria; road transport; agricultural cargo

Introduction.

Active development of agricultural
production in Ukraine in recent years has
actualized the problem of effective use
of all available productive resources in
agricultural enterprises, including road
transport. Ensuring the effectiveness of
the transport process in road transport is
a matter closely related to the satisfaction
of consumer needs in agricultural prod-
ucts of good quality at a reasonable price,
in a certain place and time. Therefore,
properly organized transportation of ag-
ricultural products leads not only to eco-
nomic but also general social benefits.

It is believed that fuel costs are a
determining factor when selecting the
vehicle, as their share in the cost of road
transportation is significant. However,
considering only one parameter when
justifying the choice of the vehicle for a
particular transport work is not correct,
and this thesis is particularly relevant to
the transportation of agricultural goods.

The variety of agricultural products
that can be produced within one farm
determines the heterogeneous vehicle
fleet structure, and the seasonality of

agricultural production causes the prob-
lem of optimum capacity utilization of
road transport. In this aspect, managers
of agricultural enterprises or their road
transport units need to have a simple
and clear tool for choosing the vehicle
for particular transport work, taking
into account all vehicle characteristics,
transport conditions, and cargo type,
which will improve the overall efficien-
cy of the transport process.

Analysis of recent researches
and publications.

The problem of improving the effi-
ciency of the transportation process is
always relevant for companies in var-
ious industries, so many researchers
have devoted their work to this issue.
We should separately mark the works in
which the problems of transport support
for agricultural enterprises are directly
studied, because according to Verhun
(2006), “timely transportation of goods
in the process of production and sale of
products significantly affects the whole
process of expanded reproduction in ag-
riculture”.
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Researchers propose various tech-
niques that ultimately aim to increase
the efficiency of the transportation pro-
cess, both by reducing the cost of goods
transportation through reducing operat-
ing costs and by increasing the produc-
tivity of the transportation process.

In particular, Zakharov & Rakytyn
(2015) propose a methodology allowing
the formation of the rational structure of
vehicle fleet, which takes into account: pos-
sibility of using gas-powered vehicles or
vehicles converted to operate on gas-diesel
cycle; possibility of using vehicles, which
have never been operated under specified
conditions before and for which there are
no statistics on operating costs.

As the criterion for justifying the re-
quired number of vehicles, a group of
researchers (Kotelyanec, 1980; Burlai
et al., 1993) chose the cargo turnover,
which can be calculated by multiplying
the volume of transported cargo in tons
by the transported distance in a norma-
tive way — through technical-operation-
al and economic indicators.

To improve the planning of agricul-
tural production needs in motor trans-
port, Kulev & Kazantsev (2008) propose
a methodology for forming the optimal
composition of the cargo vehicle fleet
in agricultural enterprises based on the
volume of cargo transportation for each
type of agricultural product, taking into
account the channels of sale and use.

In turn, Mihachev (2012) offers a uni-
versal system of relative coefficients of
comparison by the criterion of “condition-
ally technical costs” for a rational choice
of the rolling stock of trucks. The pro-
posed methodology allows you to assess
the effectiveness of various organizational
and technical measures and thereby im-
prove the efficiency of trucks’ operations.

Thus, the main emphasis is on the
formation of a rational structure of the

vehicle fleet, including for agricultural
producers.

However, today insufficient atten-
tion has been paid to optimizing the pro-
cess of selecting a vehicle from the ex-
isting fleet to perform specific transport
work with clearly defined conditions
and parameters. The need to improve
the efficiency of the transportation
processes of agricultural products, and
thus reduce the cost of transportation,
requires consideration of a significant
number of parameters and conditions of
transportation when choosing a particu-
lar vehicle. The above methods do not
fully take into account all parameters
that are essential for the transportation
of agricultural products, so it is neces-
sary to improve and adapt them to the
conditions of agricultural production.

Purpose. The purpose of the study
is to improve the method for selecting
the vehicle to perform specific transport
work on the transportation of agricultural
goods, which should increase the efficien-
cy of the transport process by road, based
on a set of vehicle characteristics, cargo
type, and conditions of transportation.

Materials and methods
of research.

General scientific and special meth-
ods of cognition were used for the anal-
ysis of the basic methods of increasing
the efficiency of enterprises’ motor
transport use, and directly the trans-
portation process. Static methods were
used to determine general trends in the
formation of the fleet of agricultural
vehicles. Assessment of the basic prin-
ciples of formation of the vehicle fleet,
conditions and specifics of the organi-
zation of road transportation in agricul-
tural production has been carried out us-
ing the methods of analysis, synthesis,
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induction and deduction. The method
of generalization is used to formulate
conclusions about the existing meth-
ods of improving the efficiency of the
transportation process in motor trans-
port in the aspect of their application in
agricultural production. The methods of
system approach, algorithmization, and
formalization have been applied in the
formation of the algorithm of vehicle
selection for performing specific trans-
port work, under given operating condi-
tions in agricultural production.

The object of this study is the process
of improving the efficiency of the road
transportation process in agricultural pro-
duction. The subject of the research is the
algorithm of vehicle selection for transpor-
tation of a certain agricultural cargo, which
takes into account the set of vehicle char-
acteristics and conditions of transportation.

Results of the research and their
discussion.

Transport operations are an integral
and price-forming factor in agricultural
production. The main modes of trans-
port here are road, tractor, and animal.
They account for about 80%, 17%, and
3% of total turnover, respectively (State
Statistics Service of Ukraine, 2020).

According to the State Statistics Ser-
vice of Ukraine for the period 20182020,
the largest share of total purchases by agri-
cultural enterprises are vehicles with diesel
and semi-diesel internal combustion en-
gines with a payload capacity from 5 to 20
tons — from 39% in 2018 and up to 32% in
2020. Vehicles of this category with a pay-
load capacity of 5 tons and less are about
30-35%. Vehicles with spark ignition re-
ciprocating internal combustion engines in
total purchases volume are from 5% (2018)
to 1% (2020), their payload capacity is 5
tons or less (Table 1).

Analysis of vehicle purchases data
showed that there is no stable trend of
increasing or decreasing demand for a
specific vehicle payload capacity or par-
ticular vehicle brands. Thus, in 2019, the
purchase of vehicles over 5 tons and over
20 tons increased by almost 20% but al-
ready in 2020, the need for vehicles of
this payload capacity has decreased.

On the contrary, the demand for ve-
hicles with a payload capacity between
5 and 20 tons has decreased significantly
in 2019, especially KAMAZ brand, com-
pared to 2018, according to the statistics.
We believe that instability of demand for
certain types of road transport is due to
the influence of a significant number of
factors on agricultural activities.

In agricultural production, road
transport operations take place both
within the farm and outside. In addition
to the final agricultural products, large
volumes of seeds and planting material,
various types of fertilizers (liquid, bulk,
etc.), fuels and lubricants, etc. are moved
over considerable distances. It should
be noted that such movements can take
place on field roads and sometimes off-
road. Therefore, the formation of the
vehicle fleet in agricultural enterprises
takes into account the peculiarities of
the industry, namely: seasonality, vari-
ety of goods, difficult road conditions,
significant distances, a significant share
of loading and unloading, recurrence of
transportation, and more. These factors
determine the special requirements for
road transport support of agricultural
enterprises, and it is especially import-
ant to properly justify the choice of ve-
hicle for specific transport work.

When choosing vehicles or forming
the structure of the vehicle fleet are used
criteria that assess the various properties
of the vehicle: performance, reliability,
payload capacity, fuel consumption, tire
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1. Purchase of trucks and spare parts by agricultural enterprises,
by payload capacity, type, and brand for 2018-2020

No Name Quantity, pieces, by years | Deviation from
2018 | 2019 | 2020 |2020to 2018 (+/-)
| Z\gg}b ﬁig[is;: 1111% isneé;li—diesel internal 513 500 453 -60

L1 | Vitha gagfl‘t’ﬁgn‘if‘pac”y ofStons | 453 | 177 | 147 6
GAZ 38 22 27
MAZ X X 6 -11
ZIL, IVEKO 2 X X +6
others 113 150 111 -2

12 | Joth I‘;‘sf’?}lt%ﬁﬁapamty from5to | 50 | a1 | 145 2
ZIL 4 X -4
KAMAZ 71 37 37 -34
MAZ 43 42 48 +5
IVEKO 1 X X -1
others 81 62 59 -22

13 | s polodapaeo ofmoe | ig0 | 2 | e |
IVEKO 4 X X
others 156 182 161 +5

2. | internal compustion engmes-tonl | 2 | 14 | 7 19

21 Xi&}}eas gagfl(:ﬁg Irciapacity of 5 tons 25 14 5 20
GAZ 13 9 X -13
others 12 5 5 -7

3. | Engines for trucks 322 218 139 -183

4. | Tires for trucks 95243 | 89507 | 85203 -100040

Source: compiled by the authors according to the State Statistics Service of Ukraine.

demand, spare parts consumption, en-
gine life, etc. Therefore, it is necessary
to approach the choice of the vehicle for
the performance of concrete transport
work from different perspectives, taking
into account as many vehicle character-
istics as possible.

Since a significant share in the cost of
road transport belongs to fuel costs, it is

considered that these costs are the deter-
mining parameter for the selection of the
vehicle. However, when choosing the ve-
hicle for a specific transport task it is not
correct to consider only one parameter, it
is important to consider all parameters to-
gether, because the lowest fuel consump-
tion by vehicle does not always provide
a minimum cost of transportation, espe-
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cially in agricultural production. It is nec-
essary to take into account the conditions
of transportation, and the frequency and
cost of vehicle maintenance.

It should be noted that modern ve-
hicles with electronic control of basic
systems and units, on the one hand,
facilitate and accelerate the process of
diagnosing faults and conditions of in-
dividual systems and mechanisms, and
the vehicle as a whole but, on the other
hand, their availability significantly in-
creases the cost of maintenance and re-
pair of such vehicles.

As has been repeatedly noted, the
main parameters that have a significant
impact on the cost of road transport un-
der agricultural production conditions:
fuel consumption per 100 km and its
cost; maintenance costs; cost of consum-
ables; the need for special equipment
for loading and unloading; availability
of special conditions for cargo transpor-
tation; the need for intermediate oper-
ations related to loading and unloading
(Holovina & Mieniailova, 2021). Also,
the costs should include the introduction
of automated cargo movement control.

Because of the above, we propose the
following algorithm for selecting a vehi-
cle for a specific transport work, which
will allow a comprehensive assessment
of the vehicle’s efficiency and its ability
to transport a particular load under given
operating conditions (Fig. 1).

Most often, farmers need to transport
bulk, dry bulk, and liquid cargo. Bulk
goods include vegetables, coal, fire-
wood, everything that can be transport-
ed without pre-packaging in bulk. Dry
bulk goods include grains, and liquid
cargo includes milk, liquid fertilizers,
etc. This variety of cargo involves the
use of different types of vehicle bodies
for its transportation. Therefore, the first
step is to select vehicles whose body

type is most suitable for the transporta-
tion of particular cargo.

As the agro-industrial enterprises
transport cargoes of various densities and
compositions, the payload capacity of
the vehicle cannot always be used com-
pletely in their transportation. One of the
parameters that takes into account this
difference between the cargo types, their
specificity, and size, is its bulk density.
To avoid underloading by weight, which
leads to the increase in the cost of the
transportation process, at the next step of
the algorithm it is proposed to choose a
vehicle taking into account the specific
volume capacity, by comparing the nom-
inal capacity to the full-body volume.

Practice proves that a significant
part of the time is spent on loading and
unloading in the transport service of ag-
ricultural production. Thus, according
to scientist’s estimates, the above-men-
tioned work accounts for 25-30% of
labor costs and 17-22% of direct oper-
ating costs of total costs for production
and sale of products, as well as 35-40%
of petroleum products of agricultural
enterprises (Vlasiuk, 2006).

Therefore, the next step in choosing
the vehicle is to determine the need for
the use of loading and unloading equip-
ment. If such a need arises, it is nec-
essary to find out how such work will
be performed at loading and unloading
points. At this stage, the information
is needed on equipping the points with
special trucks and if there is no such
equipment, it is proposed to use vehicles
with manipulators.

The presented algorithm takes into
account the transportation of goods that
require special conditions of transporta-
tion. Such cargoes include agricultural
products that are raw materials for the
food industry: milk, eggs, meat, vege-
tables, fruits, etc. For their transporta-
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Choice of vehicles by body type |

|
|
: Vspee — coefficient of
| specific payload
I capacity;
e : VE — vehicle
LUT - loading and
unloading transport
q — capacity of the
vehicle
Q — freight turn over
t — time on the route
L — length of the route
W —cost
V — average speed on the
| road
I y—load factor
: B — loaded mileage
| proportion
: P — price of fuel per 1
|
|

Choice of vehicles by time
restrictions

yes

A liter
P — fuel consumption per

¢=f(Q, t, L) ~ 100 km

_____________ yChoice of vehicles at cost t k)

W=f(V,y, B, q, I, P, Q, t, L)

List of
vehicles at
cost from
min to max
Withdrawal of the
vehicle from W,

Fig. 1. Algorithm for choosing the vehicle to perform transport work in
agricultural production

Source: developed by authors.
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tion it is necessary to use specialized
transport, taking into account certain
delivery times, transportability terms,
temperature regime. A vehicle with an
isothermal van or refrigerator is chosen
depending on what kind of cargo needs
to be delivered chilled or frozen. There-
fore, the proposed algorithm takes into
account the possibility of transporting
goods that require special conditions
of transportation (including fruits, ber-
ries, milk, etc.) for the transportation of
which it is necessary to use specialized
transport, taking into account delivery
times, and temperature (Holovina &
Mieniailova, 2021).

The last step is to allocate the select-
ed vehicles in order of the costs increas-
ing per unit of transport output, i.e. in
order of the costs increasing of transport
work. The cost is considered as a func-
tion of fuel costs, route length, vehicle
speed, loading and unloading time,
availability of empty mileage, mainte-
nance and repair costs. The final choice
is left to the vehicle that has the lowest
cost. It should be noted that the use of
the simplest MS Excel spreadsheet or
software such as Mathcad will automate
the performance of frequently repeated
operations of the proposed algorithm,
significantly reduce time, and minimize
vehicle selection errors.

Conclusions and future perspec-
tives of the study.

As a result of research, we can state
that the vehicle in agricultural pro-
duction should perform its function
of transportation, ensuring, on the one
hand, the minimum cost of transporta-
tion and, on the other hand, the safety
of goods and their on-time delivery. To
achieve this goal in the practical condi-
tions of management, the algorithm for

selecting the vehicle to perform trans-
port work in terms of agricultural pro-
duction is proposed.

The advantages of this algorithm are
the ability to comprehensively evaluate
a separate vehicle, which allows you to
optimize the choice of the vehicle for
the transportation of specific agricultur-
al products under the given conditions.
The proposed algorithm is easily suit-
able for automation based on the use of
simple and accessible software tools,
which will significantly increase the ef-
ficiency of the decision to choose the
vehicle and avoid expensive mistakes
and additional financial losses.
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AHomauyis. [locnioxeHHs, wo npedcmasseHi 8 cmammi, 0068€esu, W0 Ha edheKmusHicmo repese-
3eHb a8MoMOobiIbHUM MPAHCTIOPMOM 8 a2PapHOMY 8UPOBHULUMEI OKPIM 3a2a/16HOMPUUHAMUX YUH-
HUKi8 (Bumpamu Ha mexHidHe 06¢s1y208y8aHHA Ma NAAUBO-MACMUsbHI Mamepiasnu) cymmesuli ernus
MaKOMb YMO8U repese3eHb, mui 8HMAXY, 8UO PO3BAHMAMHCYBAIbHO-HABAHMAMCYSANbHUX pobim.

AHani3 3aKynigesnb CinbCbKo20CcrnodapcoKumu nidnpuemcmeamu asmomobinie ecmaHosus 8io-
cymHicmo cmilikux nioxodie w000 GhopmMyB8aHHsA asMOIapKy, Wio niomeepoxcye mesy npo enaus
3HAYHOI KiflbKOCMIi YUHHUKIB Ha 8ubip a8Mmomobinie 0518 BUKOHAHHA MPAHCIopMHoi pobomu 8 ymo-
80X CifIbCbKO20C00APCbKO20 8UPOBHUYMEA.

Po3enaHymi nioxo0u 00 BU3HAYeHHs pe3epsie Mi0BUUWEHHA epheKmuBHOCMi BUKOPUCMAHHSA
HaAsHo020 asmomobinbHo2o napky U 0o hopmysaHHA lio2o onMuUManbHOT CMPYKMypu 8USHAYUAU
06’ekmueHy HeobxiOHiCMb HanexHo20 obrpyHMysaHHs eubopy aeMoMpPAHCIOPMHO20 3acoby
came 0717 YMO8 CinbCbK020cnodapcbKo2o 8UpobHUYMEa.

Y ybomy KoHmMeKcmi aemopamu 3arpornoHO8AHO 00 MPAKMUYHO20 BUKOPUCMAHHA 0120pUMM
8ubopy asmMompaHcnopmHoz0 3acoby 0111 BUKOHAHHA KOHKpemHoi mpaHcrnopmHoi pobomu 3 nepe-
8€3eHHs CiflbCbK020CM00apCbKUX 8aHMAIB. BpaxysaHHs 8 npedcmasneHoMy an20puUmmi 8enuduHu
06’eEMHOI Macu, HIABHOCMI 8AHMAXHO-PO38AHMAXY8AAbHUX 3acobis, ocobausocmeli ymo8 mpaH-
CrIopmy8aHHsA, PO3mMipy sumpam, Wo rnpunadaroms y cepeOHbOMy Ha 00UHUYHO MPOOYKUil mpaH-
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criopmy 0ae MOXIUBICMb KOMIIAEKCHO OYiHIo8amu oKpemo 83amuli aemompaHcrnopmHuli 3acio,
onmumizysamu subip aemomobins 013 BUKOHAHHS repese3eHHA KOHKPEeMHO20 CibCbKo2ocrnodap-
CbKO20 BAHMAXY, MiHiMi3yeamu gpiHaHcosi empamu ( y makuli croci6 3a6e3neqyumu nidsuweHHs
ehekmugHoCcMIi nepesiaHo20 MPoyecy 8 CinbCbKo2ocrnodapcoKomy 8upobHUYUMSI.

Bepyyu 0o ysazu onmumaneHuli nepesix napaMempie asmompaHcnopmHo20 3acoby, wo rne-
pedbayeHo npedcmasneHuUM Gn20pUMMOM, MOMUIUBO MIGBUWUMU eheKmusHICMb nepesizHo2o
npoyecy 8 CinbCbKo2oCrnodapcbKomy 8UpPOBHUUMSEI, AK 8HACAIOOK 3MEHWEHHS eKCrayamauyiliHux
sumMpam, maxk i 3a80AKu 36epexeHHI0 8aHMaxie ma sumpam yacy. Yimxa cmpykmypa pospobie-
Ho20 aemopamu asnzopummy, 3 06rpyHMys8aHHAM KOXHO20 (020 emary i, Memu KOMHO20 KPOKY,
8U3Ha4YeHIcMb i OUCKpemHicmes pobumeb (io2o MpudaMHUM 0715 pilieHHs 3a 00NoMOo20K 00CMYnHO-
20 Npo2pamHo20 3abe3ne4eHHs.

Kntouoei cnoea: anzopumm; nepesizHuli npoyec; mpaHcrnopmHa poboma; onmumisayis repe-
8i3H020 npoyecy; Kpumepii OUiHKU; a8MomMobineHUl MPAHCHIoPM; CinbCbKO20CNOOaPCLKUL 8aHMAMT

66 | ISSN 2707-3823 BIOECONOMY AND AGRARIAN BUSINESS Vol. 12, Ne2, 2021



