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OPTIMIZATION OF CARGO DELIVERY VOLUMES BY ROAD CARRIES IN THE SYSTEM OF
PROVIDING TRANSPORT SERVICES

The work considers the formulation of the problem of optimizing the transport process in transport service
supply chains and the method of its solution.

The study of the transport process of servicing incoming flows of cargo transportation orders showed that in
the conditions of competition, motor transport companies try to optimize their activities. However, such optimization
leads to the fact that carriers unreasonably refuse obviously promising orders, if the properties of the relevant transport
processes are taken into account. It becomes quite difficult to achieve further improvement of the execution of a set of
orders at the individual level. This means that transport processes for servicing a single incoming flow of orders
should be based on new principles of synthesis. Despite the random nature of the orders, organizational relationships
can be established between them, which can serve as signs for building an optimally structured integrated transport
process.

In order to solve the problem of optimization of the transport process, from the point of view of satisfaction
the need for fulfilling orders for the transportation of goods, in transport service supply chains the use of structural
modeling is proposed, which makes it possible to carry out the distribution of own vehicles of enterprises that interact
with each other, to determine the need for their rental and in the amount of necessary information that, in aggregate,
leads to the maximum profit of the enterprise.

The initial data and conditions of the formulated task of order fulfillment planning were performed according
to the criterion of the maximum profit of the motor vehicle enterprise.

The purpose of these studies was the development of methodological bases for optimizing the volume of truck
transportation of transport companies, taking into account the potential of their interaction at various levels.

Keywords: transportation process, motor vehicle enterprise, supply chain, transportation order, optimization,
profit.

INTRODUCTION

The modern market of road freight transportation is characterized by high competition level. Both
small carriers with a fleet of up to 10 rolling stock and large corporations do business in this market.
However, regardless of the size of the enterprises, all truck fleets suffer from competition, since such a
service market depends, first of all, on well-established logistics both within the enterprises and with the
environment. Secondly, freight transportation services are sensitive to the allowable time of their execution,
i.e. time windows. Because of this, transport companies must take into account not only the price of their
services, but also the efficiency of their provision. Due to increased competitive pressure, motor transport
companies try to optimize their activities, taking into account the conflicting criteria of transportation
conditions. However, such optimization leads to the fact that carriers unreasonably refuse orders that are
known to be promising, if one takes into account the properties of the corresponding transport processes. It
becomes quite difficult to achieve further improvement of the execution of a set of orders at the individual
level. This means that transport processes for servicing a single incoming flow of orders should be based on
new principles of synthesis. When developing integrated processes, they have a synergistic effect. To
achieve such an effect, it is important to develop scientific and methodological support and specific
organizational and technological recommendations for the management of production activities of motor
transport enterprises (MTE) using the principles of their partners interaction. The activity of motor transport
enterprises that cooperate with each other does not necessarily lead to an increase in the efficiency of the
execution of orders for transport services. After all, there must be signs of organizational and technological
compatibility of processes that are performed in a package of single tasks. The rapid development of
communication technologies allows the participants of the transport process to join their forces in interaction
and further integration to achieve a joint effect in the provision of transport services, if such signs exist. Only
thanks to this, modern transport processes become even more integrated, and their information support is one
of the key factors in achieving the desired result.
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ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The internal potential of effective management of motor transport enterprises (MTE), as well as the
level of their competitiveness, can be increased by establishing organizational and technological cooperation
with partners in the sector of providing transport services.

Modern studies show that cooperation between partners, or even between competitors, can lead to
significant savings of resources under the condition of technological compatibility of the processes being
performed [1]. All participants in the logistics chain, including suppliers, manufacturers, distributors and
customers, can be involved in such cooperation. However, the effectiveness of cooperation in the market of
road freight transport does not always increase with the interaction of transport enterprises [2]. The losses of
one of the enterprises may be too great if the subject of interaction is incompatible for all parties of the
transport and logistics chain. Therefore, there is always a need to assess the likely benefit from the
interaction of the subjects of transport and logistics activities. Ways to solve such a task are a preliminary
assessment of the properties of transport tasks, which constitute a stochastic flow and are characterized by
indicators of suitability for their joint implementation by different subjects of the transport and logistics
process [3].

Interaction of enterprises operating in the market of transport services with different methods of
interaction is considered by scientists as horizontal cooperation, if it involves the cooperation of subjects in
the same supply chains [4-8]. The term "logistics cooperation™ suggests considering mechanisms of joint
decision-making, in which a group of participants jointly makes decisions that are optimal from the point of
view of the entire group [9]. Within the framework of logistics cooperation, several enterprises combine
orders for the execution of transportation that have come to them, with the aim of more efficient
redistribution and execution. Since the goal of logistics cooperation is to increase the efficiency of carriers'
activity schedules, the task is to form the structure of such logistics. A large amount of scientific literature on
the issues of joint logistics devotes its attention to the identification of effective distribution schemes, since
cooperation often leads to additional profits or reduced costs [10-14]. The fair distribution of costs or profits
between the enterprises that interact with each other is a key criterion, because the proposed distribution
mechanism should encourage partners to behave according to common goals and can improve the stability of
cooperation. Cooperation among carriers can lead to an increase in the level of productivity of transport
operations, an increase in the use of potential and, thus, the production of economic benefits for participants
involved as partners in the implementation of the transport process [15-18].

THE PURPOSE OF THE WORK PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of these studies was to develop methodical bases for the optimization of the volume of
truck transportation in transport companies, taking into account the potential of their mutual cooperation at
different levels. To achieve this goal, the following research tasks were formulated and performed:

1) Formulate the task of optimizing the transportation of an individual carrier, taking into account
possible operational decisions regarding the distribution of a stochastic flow of orders.

2) Investigate optimal solutions in the range of real values of transportation conditions.

RESEARCH RESULT

A set of orders Z = {z1, 25, ... zn} is given, which is forecast for a some period T. Orders arise
arbitrarily and independently. In addition, each order is characterized by the points of departure and
destination of the cargo, which will be denoted as qv and gy, where v, y =1..M. Delivery distance l.., is known.
With a sufficient degree of accuracy, it is possible to provide an estimate of the time spent on transporting
cargo between points g, and qy. However, for the conditions of this problem, we will use the value a™; — this
is the time of m vehicle movement during the execution of order j, which is executed after the execution of
order i. This time is more generalized than the time required to drive the distance l.y. The a";; time depends
significantly on the completion of the previous order and, since the point of the last unloading may not
coincide with the point of the next load, and an empty run may also be performed. Formalized, if a™j = oo,
this means that order j cannot be executed after order i. There is also time spent on simple vehicle at the
points of departure and destination of cargo a%j, which arise as a result of non-coordination of operations
during the execution of the transport process. Time delays a% arise because the allowed time limits of orders
i,j may not coincide and due to the irregularity of the process [5-8].

To do this, consider such a parameter as a time window [9]. Each Z; order is characterized by a time
window Wi, which determines the allowed order execution period, i.e.:

W =t -t 1)

, 2023, Ne2 (21)



© S. Sharai, M. Oliskevych, V. Sakhno, M. Roi, V. Poliakov, V. Stelmashchuk 2023

where t® — the most possible late order completion time, t° is the earliest possible start time for order
execution.

The carrier has R vehicles in stock. With these vehicles, it is necessary to fulfill a specified set of
orders Z. However, the available number of vehicle may not be enough, i.e. R < R;, or their number may be
excessive, i.e. R > R;, where R; is the number of vehicles actually required to fulfill a given set of known
orders. It is assumed that for the transportation of cargo it is possible to use the R, vehicles of motor transport
companies-partners with lease rights. The tenant can get the main benefit from this rental. In the presence of
information about the set of orders, which is known only to him, the carrier makes a decision on the
possibility of their fulfillment. At the same time, such actions are possible.

1. Lease own rolling stock. The action is accepted as permissible if there are not enough profitable
orders at R > R,. The cost of renting a unit of motor vehicle P, is taken for the entire period T. Thus, the
income from renting out all vehicles can be determined by the expression:

2. Rent additional vehicles that are missing, i.e. if R < R,. The action is executed if there are more
profitable orders than free trucks. In this case, it is assumed that the expenses for renting vehicles of the
carrier C; are included in the cost price for the entire period T. Rental expenses are determined from the
expression:

D, =(R-R,)-P. (2)
D, =(R, -R)-C,. ®)

3. Buy information about orders unknown to the carrier. This action is performed when R > R,. Cost of
information about one order — C,. Actually, the purchase of additional information occurs if there are not
enough orders from the carrier, and this action is an alternative to renting out one's own trucks. However,
there is a risk that the purchased and accepted order may not be profitable.

4. Sell information about available, but not accepted orders. Selling price — P,. This decision is made
when the number of available orders is larger, i.e. R <R, and they are unprofitable for the carrier.

5. Fulfill the order with own vehicles. In this case, MTE costs are spent on the movement of vehicles
Cm and on their idle time Cs. To perform this action, it is necessary that the carrier has enough vehicles to
fulfill the orders, and that such orders are profitable. As a result, the carrier receives funds from the
performed transportations P, the amount of which depends on the mileage of the vehicles with the cargo
during the execution of this order I,. Actions 1-5 are taken for each order in particular so that the total profit
from transportation is maximized. It is obvious that actions 1-5 are mutually contradictory. Therefore, the
problem of profit maximization is multivariate, optimization. As a result of its solution, we will get the
structure of such an integrated transport process (ITP), which will allow us to achieve the desired criterion.
To solve it, we introduce the variable xij = {0, 1}. The variable x;; takes the value "0" if the order z is not
fulfilled by own vehicles, and takes the value "1" if the order is fulfilled. The expression for finding the
maximum profit will look like this:
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The first to fourth terms in the expression (4) correspond to the described actions 1—4. The fifth
member is the receipt of funds from the execution of transportation orders by vehicles. The sixth member is
the cost of transportation according to the orders of trucks itself when carrying out trips with cargo. The
seventh member is the costs associated with downtime and delays of vehicles in the execution of orders.

Two more fictitious orders are introduced to solve the problem: Z, is the formal start of the integrated
transport process (ITP) in the order execution sequence, Zr is the formal end of the ITP at the end of the term

The variable xoj, as well as the value a"j, means the execution of order Z; without any previous order
being executed. Thus, these are the variables that determine the “pure™ execution of the order. In this case,
the organization of the process does not affect the duration of orders.

When drawing up a transportation plan, restrictions on variables must be met:
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X j =0, (5)

2
z X j _ixi.F =-R,, (6)
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where Xir, X;r is a formal variable that corresponds to the completion of orders Zi, Z;, respectively, Xo.i, Xoj IS @
formal variable that corresponds to the start of execution of orders Z;, Z;, respectively, R, is a predetermined
number of trucks used in the process of transportation. This value is used because at each modeling step it is
initially unknown at which R; value the numerical value of criterion (4) will be maximum. Therefore, the
value of R; varies within the limits of 1< R; < R, where R is the maximum number of vehicles (own and
leased) that can be involved in transportation. It is obvious that R < N.

Constraint (5) means that the number of outgoing vehicles flows to fulfill the j-th order should not
exceed the number of incoming ones. This restriction is valid for all variables xij, i, j=1..N and does not apply
to fictitious ones.

Limitation (6) means that the number of outgoing trucks flows from the formal start of the ITP does
not exceed the predetermined value R,. The same number of vehicles flows should be included in the formal
completion of the ITP, which is evidenced by constraint (7).

Since the orders in this problem are unitary, i.e. each of them is executed in one trip with a load, the
constraint (8) is applied, which means that the number of outgoing trucks flows for the execution of the j-th
order does not exceed one. For the same reason, constraint (9) means that the humber of incoming trucks
flows to fulfill the j-th order does not exceed one.

In order to get rid of cyclic traffic flows that do not start at the formal start time of the ITP Z, and do
not end at the formal time Zr as a result of solving the optimization problem, constraint (10) was introduced.
This limitation means that the number of routes from the formal start to the formal end of the process as a
whole should be equal to the number of vehicles involved, which actually excludes the possibility of cycles,
and therefore ambiguous simulation results. Constraint (10) actually brings the optimization problem to a
non-linear form, since the module of the difference of variables is used in its expression.

When performing the optimization, it is not known in advance at what number of necessary vehicles
the profit from the implementation of the transportation plan will be maximum. Therefore, iterative modeling
was applied when changing the number of trucks involved. As a result of the optimization of the integrated
transport process with the number of necessary vehicles, R=1, 2, 3, 4, 5, respectively.

DISCUSSION OF THE STUDY RESULTS

As can be seen from Fig. 1, and the optimal option is to execute only two orders No. 10 and 1 in the
specified order. The profit received at the same time is UAH 10,418. At the same time, part of the profit is
obtained: a) 71.7% - fulfillment of two orders; b) 16.8% - from the sale of information on 8 other known
orders; ¢) 11.5% - from the lease of idle trucks. At the same time, 4 vehicles are rented out. The total number
of own vehicles is 5.
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a

Figure 1. Optimal order fulfillment schemes: a) R=1, b) R=4; ¢) R=5

The Fig. 1, b shows the optimal order fulfillment option, with the number of free trucks that can be
used - R=4. The profit received at the same time is UAH 20,624. Parts of the profit are obtained by: a) 98.5%
- fulfilling of nine orders; b) 1.5% - the rental of trucks. At the same time, 1 vehicle is leased.

The optimal order fulfillment option shows in fig. 1, ¢, with the number of free vehicles that can be
used - R=5. The profit received at the same time is UAH 20,624. Parts of the profit are obtained by: a) 98.5%
- fulfilling of nine orders; b) 1.2% - the sale of information about one other known order. At the same time,
no vehicle is rented out.

Thus, the simulation results obtained with constant parameters of the incoming flow of orders and a
variable number of involved trucks can be displayed in Fig. 2.
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Figure 2. The structure of the carrier's income with different number of involved trucks

As can be seen from the histogram, the largest part of the company's income comes from
transportation. Only when the company has 5 of its own vehicles, and uses 1-2 for transportation, the income
from truck rental barely exceeds 10% of the total. Income from the sale of information for the enterprise
means that out of 10 known orders, 10—R will be sold to partners, where R is the number of involved
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vehicles, including leased ones. The maximum (100%) revenues from transportation are obtained when 6
vehicles are involved: 5 - own + 1 leased and with 8 vehicles involved: 5 own + 3 leased. As can be seen
from the results, the carrier's income increases with the use of leased vehicles. This is due to the use of more
orders. However, the carrier's profit does not increase. This can be seen from Fig. 3.

25000

Profit, UAH

20000
15000
10000
5000 I
0 R
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Figure 3. Dependence of the carrier’s profit on the number of used own and leased vehicles with a
maximum number of 10 known orders

So, if the number of leased trucks exceeds 3, or more than 60% of the used own, then the profit of the
carrier decreases, which is associated with the increase in rent and inefficient use of trucks, which are at its
own disposal.

CONCLUSIONS

Based on the method of non-linear structural optimization of the transport process, based on the
criterion of the maximum profit obtained from freight transportation and activities in cooperation with
partners, it was established that the involvement of additional motor vehicles with an increase in the number
of orders leads to the opposite effect, namely an increase in the number of refusals. This is observed up to a
certain limit (approximately 80% of orders), after which the incoming flow of higher intensity is served
stably. When applying the joint activity of motor transport enterprises, the difference in maximum profit for
the optimal structure of the process can exceed other options for cooperation with 10 known orders, 5
available motor vehicles, which is 71-73% of the total income.
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C. llapaii, M. Onickeeuu, B. Caxno, M. Poii, B. Ilonakos, B. Cmensmauiyk. Onrumizauisi 00csAriB
A0CTABKHU BAHTAKIB ABTOMOOUILHUMH MePeBi3HNKAMHU B CHCTEMi HATAHHS TPAHCIIOPTHUX MOCJYT.

Y poGoTi po3risiIaeThecs MOCTAHOBKA 33a4l ONTUMI3aLil TPAaHCHOPTHOIO MPOLIECY B JIAHILIOTax
MOCTaBOK TPAHCIIOPTHUX MOCIYT Ta METOJMKA ii BUPIIICHHS.

JlocipKeHHs TPaHCIIOPTHOTO MPOLieCy 00CIyroByBaHHsI BXIJHUX MOTOKIB 3aMOBJICHb Ha MEPEBE3CHHS
BaHTAXIB TOKa3aJio, IO B YMOBAax KOHKYpEHIi aBTOTPAaHCIOPTHI MiANPHUEMCTBA HAMararoThCs
ONTUMI3yBaTH CBOK MisutbHICTh. OpfHaK, Taka ONTHUMI3allil MPUBOIUTH JO TOTO, IO IEPEeBI3HUKH
HEOOIPYHTOBAHO BIJIMOBJISIOTHCS BiJ] 3aBiJOMO IEPCIEKTUBHUX 3aMOBJICHb, SIKIIO OpaTH JO yBard
BJIACTMBOCTI BIAMOBITHUX TPAHCHOPTHHUX TPOIECiB. JIOCATTH IOAABIIOT0 YAOCKOHAJIECHHS BHUKOHAHHS
CYKYITHOCTI 3aMOBJIEHb Ha iHAMBIAyallbHOMY DiBHI cTae moBoJi ckiaaHo. lle o3Hadae, Mo TpaHCIOPTHI
nporecu mpu OOCIyroByBaHHI €JMHOTO BXIiJHOTO TOTOKY 3aMOBJICHb NOBHHHI 0a3yBaTHCh Ha HOBHUX
NPUHIMIAX CHHTe3y. He3Bakaroum Ha BHIIQJKOBUIM XapakTep 3aMOBIEHb, MK HUMH MOXYTb
BCTAHOBITIOBATHCS OpPTaHi3alliifHi 3B'I3KH, SIKi 1 MOXYTh CIIy>)KUTH O3HaKaMu IJisi MOOYIOBH ONTHMAIBHO
CTPYKTYPOBaHOT'O KOMIIJIEKCHOTO TPAHCIIOPTHOTO IIPOLIECy.

Jlyis BupilleHHs 3a/1a4i ONTHMI3allil TPAaHCIIOPTHOTO MPOIECY, 3 TOYKH 30PY 3aJ0BOJICHHS MOTPEOH y
BUKOHAHHI 3aMOBIICHb Ha [IEPEBE3EHHS BAHTAXIB, B JIAHIIOTaX ITOCTABOK TPAHCHOPTHUX IOCIYT
3allPOIIOHOBAHO 3aCTOCYBAHHS CTPYKTYPHOTO MOJEJTIOBAHHS, IO AA€ 3MOTY 3AIMCHUTH PO3MOIIT BIACHHX
TPaHCHOPTHUX 3ac00iB MiINPUEMCTB, SIKi B3a€MOAIIOTH MK 00010, BU3HAUMTH MOTpeOy B iX opeHAai Ta
KUTbKOCTI HeoOximHoi iH(popMalii, 10, B CYKYIHOCTi, NPUBOJUTH JO MaKCHUMAaJIbHOTO TNPHOYTKY
MiANPHEMCTBA.

BuxinHi nani Ta yMoBH CPOpPMYIHOBAHOTO 3aBAaHHs IUIAHYBAaHHS BUKOHAHHS 3aMOBJICHHS BUKOHAHO
3a KPUTEPIEM MaKCUMAaIIbHOTO NMPUOYTKY aBTOTPAHCIIOPTHOTO ITiIITPUEMCTBA.

MeTow HMX AOCHTIKeHb Oyjia po3poOKa METOAWYHMX OCHOB ONTHMI3allli 0OCSTIB aBTOMOOIIBHUX
nepeBe3eHb TPAHCTIOPTHUX KOMIIaHIH 3 ypaxyBaHHIM NOTEHLIaTy IX B3a€EMOJii Ha Pi3HUX PiBHIX.
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