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Abstract: - The paper is dedicated to the generalization of the transportation technologies problem. The first 
sub-problem deals with the transportation route optimization with respect to the time of delivery minimization and 
taking into consideration two available links of the transportation chain or corridor. Variation of the speed, as a 
significant transportation parameter, is taken into account. The second sub-problem is centered upon the minimal 
transportation expenses by the delivery speed optimization. The hourly transportation expenses which do not depend 
upon the speed are chosen as a significant parameter. The final problem generalizes the first two ones in the 
formulation of minimal transport cost at the optimal speeds and route. Numerical simulation is conducted and 
necessary diagrams are plotted. 
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1  Introduction 
The problem of transportation technologies is a 
complex one influenced by many factors. Therefore, it 
is a rational approach to consider some general 
properties of the transport systems applicable to the 
specific operational conditions of the transportation 
means. 

In this context we propose to consider the marine 
transport technologies and aviation transport 
technologies since they are close to one another, in the 
sense of their degrees of freedom for the motions 
(routes) of their key elements: transportation means. 

 
1.1  Literature Review 
The key parameters of the marine-aviation 
transportation technologies in this regard are supposed 
to be the distances of transportation as well as the 
speeds, durations, and expenses. The importance of the 
transportation cost taking into account is described in 
[1]. The sources, [2], [3], [4], [5], accentuate the 
attention upon the features of operation and 
optimization. The presented consideration extends the 
transportation demand development, [2]. The main 

attention of authors in [3] is paid to the important 
transportation technologies elements structure. 
Infrastructure optimization issue also was considered 
in [3], where the main task was to minimize repair 
costs of aviation radio equipment. 

The publications of [4], [5], are dedicated to the 
impact upon the environment, which also has to be 
taken into account at the formulation of optimization 
criteria. 

The authors of [6] discuss the ways for the aircraft 
control reconfiguration improvement, which takes 
place in operation and could be considered in the 
presented study as a special kind of constraints. 
Publications, [7], [8], [9], [10], [11], [12], [13], [14], 
[15], [16], [17], [18], [19], point out that a significant 
number of the relevant researches, dealing with the 
narrower fields of interests, has, nevertheless, a 
common application to the key technological 
parameters considered in the presented paper. 

The article, [20], emphasizes subjectivity when 
constructing research models. Maritime transportation 
technologies considered in [21], [22], [23], require key 
parameters accurate evaluation. As studies, [24], [25], 
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[26], [27], show, there is a big similarity in aviation 
and maritime transport modes regarding economic and 
environmental optimization. 

The theory of subjective preferences allows 
studying phenomena related with the individuals’ 
inclinations to some operational options, [28], [29], 
[30]. As to the key parameters characterizing 
marine-aviation transport technologies, we distinguish 
herein: Speed of transportation; Distance of 
transportation; Duration of (time for) transportation; 
Expenses (costs) of transportation. Very specific 
property of the distance and speed of transportation 
product was noticed. Similar approaches are proposed 
to the variety of the issues marked in [31]. 

 
1.2  Scientific Gap 
It is always an important and actual problem to 
generalize the consideration of the key 
factors/parameters in their interrelationships and 
interdependencies accentuating the objective functions 
or functionals in order to optimize the other key 
features of the transport technologies. In such regard 
the scientific gap proposed to be filled is a few 
sequential step combinations of optimizations 
applicable to aviation and marine transportation 
technologies. 
 
1.3  Problem Statement 
All the above contemplations drive us to formulate the 
considered problem statement as the consequent links 
of chain for basic optimization in the manner of the 
optimal route by the minimal time of delivery, then in a 
certain combination with the minimal transportation 
expenses as the objective of the technological process 
with respect to the speed of the transportation mean. 
 
 
2  Theoretical Part 
At the beginning we consider a sub-problem of the 
route of the transportation optimization with respect to 
the minimal delivery time in the simplest view. 
 
2.1 Transportation Route Corner Point to 

 Minimize the Time of Delivery 
Suppose there is a transportation corridor consisting of 
the following two components: the first is the space 
having the width of , which to be crossed, in front of 
the second component, the straight way to the 
destination. 

The speed limit for the motion within the first (space) 
is ; and for the second (straight way) it is . 
 
The distance from the closest to the departure point on 
the straight way to the destination is . 
 
The problem is to determine the route minimizing the 
time:  of the delivery. 
 
In such primitive problem setting the objective 
function will be presented as: 
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where x  is the linear coordinate of the corner point of 
the route from the closest to the departure point on the 
straight way. 
 
The necessary conditions for (1) extremum existence 
yield the solution: 
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Next up is the speed optimization sub-problem with the 
transportation expenses’ objective function. 
 
2.2 Optimal Speed of Transportation to 

 Minimize the Cost of Delivery 
In this, also simplified, problem setting it is proposed 
to take into account the two components for the hourly 
transportation expenses. The first component does not 
depend upon the speed: v , of the transportation mean: 
 hs1 ; whereas the second component does depend: 
  vs h

2 . 
 

The dependent component for the water-displacing 
ships as well as aircraft with the dynamic principles of 
the support in the air is proportional to the speed of 
motion raised to a certain power. 
Herewith it is accepted: 
 

   ,3
2 kvvs h                                 (3) 

 
where k  is the coefficient of the proportionality. 
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Thus, the problem is formulated as to minimize the 
cost of transportation:  . 
 
The objective function is: 
 

  .3
1 TkvTs h                            (4) 

 
The time T  in (4) is given with 
 

,
v

D
T                                    (5) 

 
where  is the distance of the transportation. 
 
In the framework of the problem setting (4) with the 
condition of (5), the necessary conditions for (4) 
extremum existence yield the solution: 
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The next step of the theoretical research it is a 
combination of (1) and (4). 
 
2.3  Optimization of Transportation Speed and 

 Route to Minimize the Cost of Delivery 
It is proposed to generalize the above problem settings 
of (1) and (4) into such one considering the differences 
in the parameters at the transportation route segments. 

The formula expressing the approach has the 
following view of the generalized objective function: 

 
    ,2

2
1

1 TsTs hh                            (7) 
 
where  1

hs  and  2
hs  are the hourly costs for the first and 

second segments of the route; 1T  and 2T  are the 
corresponding times (durations) of the transportation. 

 
Equation (1) is developed into 
 

    ,
2

3
222

1

22
3
111

v

xb
vks

v

xa
vks





       (8) 

 
where 1s  and 2s  are the hourly costs that do not 
depend upon the speed of transportation for the first 
and second segments of the route; 1k  and 2k  are the 
corresponding coefficients of proportionality. 

 

Equation (8) can be considered now an objective 
function of 3 independent variables and the necessary 
conditions for (8) extremum existence yield the 
solution: 
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3  Simulation 
In this section we present the results of computer 
simulation for the cases theoretically developed above. 
The results are shown in Figure 1. 
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Fig. 1: Mapping time of delivery minimization with 
respect to the corner point coordinate optimization and 
the speed of transportation at the first segment 
variation 
Source: created by the authors. 

 
The accepted numerical data for the first sub-problem 
are as follows: 
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The accepted numerical data for the second 

sub-problem are as follows: 
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The results are shown in Figure 2. 
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Fig. 2: Mapping cost of delivery minimization with 
respect to the speed of transportation optimization and 
the independent upon the speed hourly transportation 
expenses variation 
Source: created by the authors. 

 
The accepted numerical data for the generalized 

problem are as follows: 
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The results are shown in Figure 3. 
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Fig. 3: Mapping cost of delivery minimization with 
respect to the corner point coordinate optimization and 
the independent upon the speed hourly transportation 
expenses variation 
Source: created by the authors. 

 
 
4  Discussion 
In the first sub-problem basically considered with (1), 
(2) the extremum changes its position with respect to 
the optimized parameter  ranging in the diapason of 3 
… 12 nm. 

That occurs due to the significant parameter of the 
transportation speed variation, in the first segment of 
the route 1v  variates 3 … 8 kn. The extremum drifts 
nonlinearly (see Figure 1, red trace). 

As to the second sub-problem described with 
(3)–(6), the objective function (4) extremum also 
changes its location nonlinearly but here because of the 
transportation expenses  hs1  variation (see Figure 2, 
red trace). 

Simulation in the generalized problem with (7)–(9) 
allows variations with the five parameters and 
consideration of significant  hs1  variation, optimizing 
parameter , allows tracing extremum values of the 
objective function (see Figure 3, red trace). 
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