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Abstract: The analysis of delivery technology of grain cargoes in the containers in the 
international traffic have enabled to offer three alternative technological schemes of delivery 
of grain cargoes in the international traffic: the first scheme is with the use of rail transport 
(grain cars) to deliver grain to the port of departure, the second scheme is with the use of 
road transport (bulk grain lorries) to deliver grain to the port of departure, the third scheme 
is with the use of the containers and carriages to deliver grain to the port of departure. The 
model describing the factors that affect the system is built: input parameters (the shipment 
volume, the distance of transportation); output parameters - the total expenses on grain 
delivery from the elevator of the shipper to the shipper, taking into account external factors: 
the specific time of loading, unloading, average technical speed of transportation, downtime 
at the customs point. The full-factorial plan of the experiment has been developed which 
consists of  9 series of experiments. Based on the regression analysis of the experimental 
results the regression model is determined in a linear form with non-zero coefficient where 
each factor indicates the degree of influence of the relevant factor on the effective rate. The 
results of the effect determination on the change of the distance of cargo delivery for volume 
shipment of 200 tons have got the greatest effect.
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model.
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1. Introduction

In the modern conditions, in the market 
of transportation of grain cargoes in the 
containers, there is a perspective of their 
development because every year the number 
of such orders is increasing to the address of 
transport and freight forwarding companies 
(Ellram and Cooper, 1990; Schepler et al., 
2017). The authors focus on the development 

of multimodal transportation involving 
railway transport, road and marine type of 
transport in the scientific works in the sphere 
of cargo shipping in the containers, thus it is 
determined that railroad transport carries 
out the transportation of the grain cargoes in 
the conditions of critical depreciation of the 
main means and increasing competition from 
the side of other types of transport (Collins 
et al., 2017; Zheng and Park, 2016; Sayareh 
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et al., 2016; Wisner and Tan, 2000; Boyson 
et al., 1999; Bowersox et al., 1986; Song and 
Dong, 2012; Zhivitskaya, 2014; Chen and 
Yan, 2012; Pavlenko et al., 2014; Velikodnyi, 
2015). The analysis of the practical experience 
of the organization of grain cargoes delivery 
in the containers in international traffic has 
shown that many companies offer services on 
this type of activity, using different technical 
means to simplify the process of loading and 
unloading and transportation of grain cargoes 
(Kozachenko et al., 2011; Cherevychnyi, 
2016). The analysis of the current state of 
the matter of shipment grain cargoes from 
Ukraine has shown that our country has a 
powerful export port capacity. In addition, 
two leaders in storage and transshipment of 
grain cargoes have been specified, Odessa and 
«Chernomorsk» sea trade port. It has been 
found out that delivery of grain cargoes to the 
seaport is used by bulk grain lorries, carriages, 
containers. The held analysis has revealed 
the problem of delivery organization of grain 
cargoes in the international traffic - the choice 
of rational technology of delivery. The aim of 
this development is the definition of rational 
technology of delivery of grain cargoes in 
the containers in the international traffic. 
The object of the research is the process of 
delivery of grain cargoes in the containers in 
the international traffic.

2. The Development of a Model of the 
Definition Rational Technology of the 
Delivery of Grain Cargoes in Containers

Modern international conditions which 
Ukraine strives demand more attention in 
the sphere of logistics cargo transportation, 
t he rapid g row t h a nd development . 
The efficiency and the quality of cargo 
transportation significantly depends on 
the optimization of the process of work 
coordination of different types of transport, 

rat ional d istr ibut ion bet ween tra f f ic 
volumes, timely formation of the necessary 
management decisions. First, it is necessary 
to pay special attention to the important 
indicator of transport process - the cost of 
transportation implementation.

Three alternative technological schemes of 
delivery of grain cargoes in the containers in 
the international traffic have been proposed.

The first scheme is with the use railroad 
transport (grain cars) to deliver the grain 
to the port of departure «loading of the rail 
car at the elevator - delivery to the port or 
the external terminal - reloading into the 
container – delivery of the container by the 
sea lines - delivery to the end user». 

Scheme 1. This scheme has some significant 
moments that inf luence the process, 
according to the statistics at this scheme 
technical losses make up from 5% to 7% 
of the total turnover of the product; the 
impossibility of forecasting the timing of 
a process; additional costs on certification 
and customs clearance.

The second scheme is with the use of road 
transport (bulk grain lorries) for the grain 
delivery to the port of departure  «loading 
of the bulk grin lorry on the elevator - 
delivery to the port or the external terminal 
- reloading of the  container – delivery of 
the container by the sea lines - delivery to 
the end user».

Scheme 2. This option has several significant 
factors affecting the process: the lack of 
delivery schedule and respectively planning 
of the shipments; non-conformity of the 
quality of goods which are transported; lack 
of laboratories at cargo complexes; technical 
losses of 3% to 5%.
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Scheme 3. The third scheme is with the use 
the containers and railcars for grain deliver 
to the port of departure «supply of empty 
containers for loading on the elevator by 
railroad - loading on the elevator - the return 
of the loaded containers to the port – delivery 
of the container by the sea line - delivery 
to the end user». The main advantages of 
the third option: the grain goes through 
qualitative selection; no overload, except 
loading on the elevator; low cost price of 
export certification and customs clearance; 
minimal loss of cargo - 0.5%.

The most wide-spread are the following 
models: physical, mathematical, simulation, 
axiomatic that are used by the main parts 
of the system and developed in the form of 
technological schemes or levels for common 
idea about the process and the result of its 
operation which are divided in its turn into 
deterministic and stochastic (Naumov et 
al., 2015).

The most perspective to describe the 
process of cargo transportation on transport 
and technological schemes is the use of 
mathematical modeling. When designing 
and developing new models a number of 
difficulties appear the main cause of which 
is not only in a large number of items which 
are included in the projected system but 
in the complication of causation ties in the 
complex of interacting components.

Since transport processes are complex 
systems of interacting elements, so it is 
appropriate for their modeling techniques 
to apply the systems analysis which essence 
is to identify the connection between the 
components of the object of research and 
the impact of each of them on the efficiency 
of the system as a whole.

Using the aparatus of the set theory the 
technological process is considered on the 
basis of the model TPM as the combination of 
the following components described in eq (1):

{ } { } { } { } { }{ }, , , ,TPM X Y Z E LS= , (1)

where{ }X – the input impacts that can be 
changed in the process of taking decision as 
for the management of transport process;

{ }Y – criteria of effectiveness of the transport 
process;

{ }Z – environmental effects that cannot 
be changed during making management 
decision but should be taken into account 
herewith;

{ }E – components of the transport process;

{ }LS  – connections between the elements 
of the transport process.

This model describes: all the elements of the 
system (warehouse); all communications of 
the systems: internal (structure), external 
(inputs, outputs); boundaries of the system; 
parameters of the environment; parameters 
of the internal environment.

The effects of the environment that cannot 
be changed during making the management 
decision but should be taken into account 
herewith{ } :X

q  - shipment volume, t;

L  - distance of transportation on the 
territory of Ukraine, km.

Performance measures of the transport 
process{ } :Y
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C∑  – the total cost of shipping grain, US$;

The input impacts that can be changed in 
the process of making decision as for the 
transport process management {Z}:

.1load tt – specific load time, h/t.;

.1unload tt  – specific time of unloading. h/t.; 

ï
tV  – the average technica l speed of 

transportation km/h.

cus
Ò – downtime at the customs point, h.;

The constituent elements of the transport 
process { } :E

1C – the cost on downloading of a railway 
wagon, bulk grin lorry, container on the 
elevator for the relevant schemes US$;

2C  – the costs of transporting grain to the 
terminal (port), US$;

3C  – the cost on grain overload into the 
container and the container to the terminal 
(port) according to the schemes US$;

4C  – the cost on loading the container on 
the ship, US$;

5C  – the cost on moving the ship with the 
containers, US$;

6C – the cost on unloading the ship in the 
port of destination, US$;

C7 – the cost on delivery of the container to 
the consignee, US$;

C8 – the cost on unloading the container, US$.

Relations between the elements of the 
transport process { } :LS

• The shipment volume affects the costs 
of work of loading and unloading of the 
grain cargoes, the cost of serving and 
preparation of the vehicle (vehicle), 
including container, the costs of loading 
and unloading of the containers at the 
ports of departure and destination;

• Distances of the transportation affect 
the costs of transportation from the 
elevator to the terminal (port), the cost 
of moving the containers from the ship 
with the containers, as well as the cost 
on container delivery to the consignee;

• Respectively the specific time of loading 
and specific time of unloading affect 
the cost on loading-unloading works;

• Average technical transport speed 
affects the costs of transportation;

• Downtime at the customs point affects 
the cost of simple load at the customs 
point;

• The cost on implementation each 
technological operation affects the total 
cost on delivery of the grain from the 
elevator to the consignee.

All the system elements and connections 
between them are presented in the form 
of the model «white box» in the Figure 1.
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Fig. 1.
Cybernetic Model of «White Box»

The function is the total cost on grain 
delivery which must aim to the minimum, 
eq (2):

load.1 unload.1 cus( , , , , , ) min .ï
t t tC q L t t Ò V →∑  (2)

Under restrictions presented in eqs (3):

cus

.1

.1

20 200 t.;
150 1000km.;
0,15 0,28h/t.;
0,19 0,37 h/t.;
1 3h.;

5 50 km / h .

load t

unload t

ï
t

q
L
t
t

Ò

V

≤ ≤
 ≤ ≤
 ≤ ≤
 ≤ ≤
 ≤ ≤

 ≤ ≤

 (3)

The total costs on grain cargo delivery are 
calculated according to the equation (4):

1 2 3 4 5 6 7 8 ,C C C C C C C C C= + + + + + + +∑  (4)

The costs on loading the grain on the 
elevator, eq (5):

1 prep down paper ,C C C C= + +  (5)

where prepC  – the cost on preparing the 
vehicle including a container before the 
loading, US$;

downC  – the cost on loading the grain into 
the vehicle, including container, US$;

paperC  – the cost of paperwork and special 
certificates, US$.

The cost on preparing the container for 
loading (for Scheme 3) is presented in eq (6):

prep prep.1 ,c cC N Ñ= ⋅  (6)

where cN  – the number of the containers, 
units;

prep.1cÑ  – the rate on the preparation of one 
container for loading, US$ / unit.

The number of containers, eq (7):

,n
c

c

q
N

q
=  (7)
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where qс – nominal carrying capacity of the 
container, t, (qс = 20 t).

The costs on loading grain, eq (8):

.1 1 ,load load t load tC q C t= ⋅ ⋅  (8)

where Сload.1t – the rate for loading 1 ton of 
cargo in the vehicle, including container, 
US$ / h 1t.

The costs of transporting grain to the 
terminal (port), eq (9):

2 trans.1t trans ,C q C T= ⋅ ⋅  (9)

where trans.1tC  – the rate for transportation 
1t of cargo in the vehicle, US$ / h t.;

transT  – transportation time, h.

Time of transportation, eq (10):

trans ,ï
t

LT
V

=  (10)

where L – distances of transportation, km.

ï
tV – t he average tech n ica l speed of 

transportation.

The cost of grain reloading in the container 
to the terminal (in the port), including 
reloading of the container for the Scheme 
1 and Scheme 2, eq (11):

3 unload prep down cost of stor. cost of down.,
cC C C C C C= + + + +  (11)

where unloadC   – the cost for unloading the 
grain from the vehicle, including from the 
container, US$;

prep
cC  – preparing the container for loading, US$;

Ccost of stor. – the cost of storage at the terminal 
(at the port), US$;

Ccost of down. – the cost of downtime at the 
customs point, US$;

For the Scheme 3, eq (12):

cost of down.3 unload cost of stor. ,cC C C C= + +  (12)

where unload
cC  – the cost on unloading the 

container from the vehicle, US$

Costs for unloading the grain from the 
vehicle, including the container eq (13):

unload unload.1 unload1 ,t tC q C t= ⋅ ⋅  (13)

where unload.1tC  – the rate on unloading 1 ton 
of load from the vehicle, including from the 
container, US$ / hour. 1t.

The cost on loading the container on the 
ship, eq (14):

4 load.1 ,sl
c cC N Ñ= ⋅  (14)

where load.1
ì ñ

cÑ  – the rate on loading one 
container on the ship US$ / unit.

T he cost on mov ing a sh ip w ith the 
containers, eq (15):

5 sea trans ,sl
êC N L C= ⋅ ⋅  (15)

where seaL  – distance of transportation of 
the containers by the sea lines, km.

trans
slC   – the rate on the transportation of one 

container by the sea line, US$ / km.

The cost on unloading the ship in the port 
of destination, eq (16):
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6 unload.1 ,ì ñ
c cC N Ñ= ⋅  (16)

where unload.1
sl

cÑ  – rate on unloading one 
container from the ship, US$ / unit.

The costs on delivery of the container to the 
consignee, eq (17):

trans7 load unload ,c cC C C C= + +  (17)

where load
cC  – the cost on loading the 

container on the vehicle at the port of 
destination, US$;

trans
C  – the cost of transportat ion of 
container from the port of destination to 
the recipient, US$;

unload
cC  – the cost on unloading the container 

from the vehicle at the port of destination, US$

The cost on loading the container on the 
vehicle at the port of destination, eq (18):

load load ,c c
cC N Ñ= ⋅  (18)

where load
cÑ  – rate on loading the container 

on the vehicle at the port of destination, 
US$ / unit.

The cost of transportation of the container 
from the port of destination to the recipient, 
eq (19):

trans trans
,c

cC N L C= ⋅ ⋅  (19)

where L  – t he average d i s t a nce of 
t ra nspor tat ion f rom t he por t of t he 
destination to the recipient, km;

trans
cC  – the rate on transportation of the 

containers from the port of the destination 
to the recipient , US$ / km.

The costs of unloading the container are 
calculated similarly using the equation (13).

3. The Experimental Research on 
Selection the Rational Technology 
of Delivery of Grain Cargoes in the 
Containers
The method that consists of four stages 
has been chosen to determine the rational 
transport and technological schemes of 
delivery of grain cargoes in the containers 
in the international traffic:

• Determination of alternative delivery 
schemes of grain cargoes;

• Determination and assessment of input 
parameters;

• Calculation of total costs;
• The choice of a rational scheme of 

delivery of grain cargoes.

On solving this problem the following 
assumptions have been taken:

• The delivery of grain cargoes is carried 
out in the universal, specially equipped 
20-foot containers;

• The volume of shipments varies from 
20 to 200 tons;

• The distance of transportation refers 
to one shipment and varies from 150 
to 1000 km;

• First class cargo;
• Grain transportation of the containers 

is carried out by rail transport;
• Container loading with grain is made 

at the expense of the carrier;
• The search of the empty containers is 

carried out by the carrier;
• Shipment of the containers by the sea 

lines is made from Odessa STP;
• T h e  v a l u e  o f  t h e  d i s t a n c e  o f 

transportation of the containers by sea 
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line is accepted from Odessa STP to the 
port of Alexandria (Egypt);

• The value of transportation distance 
from the port of destination to the 
recipient is taken as the average;

• The level of tariffs is determined as the 
average in the market of services.

The input parameters at different levels of 
varying factors are presented in Table 1.

Table 1
Levels of Varying Factors

Parameter Minimum
value

Average
value Maximum value

Volume of shipment [t] 20 110 200
Distance of transportation [km] 150 575 1000

The minimum, average and maximum values 
of q, L, have been used for the experiment. 
It is necessary to carry out the generation 
of random values for these parameters for 
the experiment. To generate the specific 
time of loading, specific time of unloading, 
specific time of unloading the container, 
downtime at the customs point, the normal 

distribution law was selected as the average 
technical speed of transportation. The series 
number of the experiments is 9. Since 3 levels 
of variation have been selected, they are 
marked as follows: «-» – the 1stvariation level 
(min), «0» - 2nd level (mid), «+» - 3rd level 
(max). Then all possible combinations of 
the combinations are entered in the Table 2.

Table 2
Plan of the Experiment

Series

Varying levels of  input factors

Volume of 
shipments [t]

Transportation 
distance [km]

1 - -
2 0 -
3 + -
4 - 0
5 0 0
6 + 0
7 - +
8 0 +
9 + +

Based on the received values of costs, here 
are the graphs of costs on the distance of 
transportation at the volume of shipment 

20, 110, 200 tons for the Scheme 1, Scheme 
2 and Scheme 3 (Figures 2, 3, 4).
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Fig. 2.
Graph of Costs on the Distance of Transportation at the Volume of Shipment 20 tons 
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Fig. 3.
Graph of Costs on the Distance of Transportation at the Volume of Shipment of 110 tons 
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Fig. 4.
Graph of Costs on the Distance of Transportation at the Volume of Shipment of 200 tons
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It is shown from the graphs that on increasing 
the distance and the volume of shipment 
the costs increase. Moreover, the costs on 
using bulk grain lorries (Figure 2) are the 
greatest comparing with using the rail cars 
and containers (Figure 1 and Figure 3) at any 
distance and traffic volumes. The scheme 
3 was the most profitable, i.e. the use of 
containers on delivery of the grain cargoes, 
as it requires minimal costs.

4. Analysis of the Research Results

The regression analysis has been chosen to 
analyze the influence of parameters on flow 
on the performance criterion. The following 
connections between the studied parameters 
and factors have been suggested: a linear 
function with non-zero coefficient; linear 
function with zero coefficient; power function 
with non-zero coefficient; a power function 
with zero coefficient. The program Microsoft 
Excel has been used to build the model which 
has a built-in program to calculate regression. 
The regression analysis has been performed 
for each circuit using these functions. It is 

determined that linear function with non-zero 
coefficient will be the best for each scheme as 
R-squared value is maximum and it is 0,999. 
Thus the regression models for the three 
schemes have been obtained.

The regression model for the «Scheme 1»:

1
1 212590,89 1317,02 27,5 .Sch

xY X X= − + ⋅ + ⋅  (20)

The regression model for the «Scheme 2»:

2
1 222100 1428,5 44 .Sch

xY X X= − + ⋅ + ⋅  (21)

The regression model for the «Scheme 3»:

3
1 212982 1294,25 27,5 .Sch

xY X X= − + ⋅ + ⋅  (22)

According to the received regression models, 
the cost determination was held. The input 
data at the maximum, average and minimum 
values of the parameters of the input stream 
of the orders were used, namely the volume of 
shipments and the distance of transportation. 
The results of calculation are presented in 
Table 3.

Table 3
The Results of Calculations of Efficiency Criterion  

Series of 
experiments

Total cost on delivery [US$]

«Scheme 1» «Scheme 2» «Scheme 3»

1 662 484 631
2 1095 1177 1064
3 1528 1869 1496
4 5052 5246 4945
5 5485 5938 5378
6 5918 6631 5811
7 9442 10007 9259
8 9875 10700 9692
9 10308 11393 10125

The economic efficiency of the received 
model by comparing the total cost on 

delivery between the schemes is determined 
and the results are presented in the Table 4.
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Table 4
The Economic Effect on the Series of Experiments

Series of 
experiments

Economic effect [US$]

Comparing «Scheme 1» 
and «Scheme 2»

Comparing «Scheme 1» 
and «Scheme 3»

Comparing «Scheme 2» 
and «Scheme 3»

1 178 31 -147
2 -82 31 113
3 -342 31 373
4 -194 107 301
5 -453 107 561
6 -713 107 820
7 -565 183 748
8 -825 183 1008
9 -1085 183 1268

5. Conclusion 

It is determined that in the current market 
conditions in the market of grain cargoes 
transportation in the containers, there is a 
perspective of their development, because 
every year the number of such orders in 
the address of transport companies is 
increasing. The scientific works have been 
analyzed in the sphere of organization of 
cargo delivery in the containers in which 
the authors focus on the development of 
multimodal transportation involving the rail, 
automobile and marine types of transport. 
Yet, it is specif ied that rai l transport 
performs transportation in the conditions 
of critical depreciation of the main means 
and increasing competition from other types 
of transport (including automobile).

Three alternative technological schemes of 
delivery of grain cargoes in the international 
traffic have been proposed: the first scheme 
is with the use of the rail transport (grain 
cars) to deliver grain to the port of departure: 
«Car loading on the elevator - delivery to the 
port or the external terminal - reloading into 
the container – container delivery on the sea 
line - delivery to the end user», the second 

scheme is with the use of road transport 
(bulk grain lorries) to deliver grain to the 
port of departure: «Loading of the bulk 
grain lorry on the elevator - delivery to the 
port or the external terminal - reloading 
into the container - container delivery by 
the sea line - delivery to the end user», the 
third scheme is with the use of the containers 
and wagons to deliver the grain to the port 
of departure: «Loading of the container on 
the elevator - the return of loaded containers 
in the port – reloading of the container with 
a cargo to the port or the external terminal 
– container delivery by sea line - delivery to 
the end user», moreover the third scheme 
has advantages such as minimal loss of cargo 
– up to 0.5%».

The method of determination of the rational 
scheme of delivery of grain cargoes is 
proposed which allows after calculating 
the total cost to choose one of the three 
proposed schemes. The suppositions that 
have been proposed, take into account all the 
requirements of the customers, specifications 
of performing the operations by rail and 
road transport, as well as an organizational 
component of the use of the containers on 
transporting the grain cargoes.
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Based on the regression analysis of the 
results of the experiment, the regression 
model in the linear form with non-zero 
coefficient has been determined in which 
each coefficient indicates the degree of 
inf luence of the relative factor on the 
effective rate. It is determined that this 
model is the most appropriate, since indicator 
value R-square is the largest and it equals 
0,999. The coefficients of regression model 
have also been tested that are appropriate 
according to the values of the standard 
dev iat ion, t-stat ist ics P-va lue, lower 
and upper coefficient. The results of the 
effect determination on the change of the 
distance of the cargo delivery for the volume 
of shipment of 200 tons have shown that 
«Figure 3» has got the greatest effect (the 
delivery using containers and wagons) at the 
distance of delivery 1000 km.
It is planned to develop additional delivery 
schemes of grain cargoes in the containers 
in the international traffic, work out the 
elements of technology in details, define 
additional parameters of influence on 
the function and perform their statistical 
analysis.
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