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REALIZATION OF THE LOGISTIC APPROACH
IN THE INTERNATIONAL CARGO DELIVERY SYSTEM

Fierce rivalry in the transport market raises serious reassessment and implementation of new approaches to logistics companies and trade
enterprises in marketing of goods. To maintain the volume of domestic sales and output to the external one, producers and trading firms are
Jforced to expand their trade and economic relations that occur in other regions. The integration of the world economy and policy orientation
of foreign trade to free trade greatly simplify the task of setting up the free trade and economic connections, but the question is how quickly
and efficiently, with the least costs, it is necessary to put the goods in the right region to the customer.

In modern market conditions, international container transportation of goods between Ukraine and the European Union countries has
a prospect of development, as each year the number of orders in transport and logistics enterprises increases. After analyzing the status of
orders, the problem has been detected and widely connected with the method of organization of container cargo delivery in international com-
munication and the formation of rational technology of serviced. To solve this problem a method of logistic approach to the system of containers
transportation has been proposed based on the cybernetic model ,white box". The initial stage of its implementation involves formation of the
limitation system of input parameters and factors that are consistent with the needs of the customer firm and the company performing trans-
portation. Ten alternative order services schemes, each of which takes into account the possible combinations of operations, has been proposed.

Based on the company ,Inter Trans Logistic, which serviced the order of the company ,Agricultural Holding August” for the transporta-
tion of rape seeds, 10 tons of corn on demand and a portion of sunflower oil 20,000 liters, according to their applications for transportation,
a logistic approach using a cybernetic model ,white box“ has been implemented. Based on the mathematical models of changes in the total
costs of the international container cargo shipping company of the customer, it has been shown that the maximum expenses are occurring
in the implementation of the scheme 1 service order. In that case, the costs have been in the range of 848.72 to 7455.41 US $, according to
a certain series of experiments. Based on the condition of the minimum cost function for container transportation, scheme 1 has been chosen
as limiting scheme of service order against which the assessment carried out changes of the total costs in the implementation of other schemes.
In percentage display according to Scheme 1, the following percentage intervals have been deducted for the reduction of sales costs: Scheme
2-12.70 to 34.98%; Scheme 3 - 2.93 to 12.00%; Scheme 4 - 2.06 to 10.88%; Scheme 5 - 1.69 to 4.25%; Scheme 6 - 0.87 to 3.28%; scheme
7-0.97 to 2.58%; Scheme 8 - 1.64 to 4.45%; Scheme 9 - 2.66 to 11.77%; scheme 10 - 2.33 to 9.94%.

The results of experimental studies indicate that when the proposed methodology of the logistic approach, using the ,white box" based on
the company ., Inter Trans Logistic“ to international container transportation of goods in relation to the application of the company , Agricultu-
ral Holding August” for transportation, the scheme 2 sequence of transport operations has been effective. In its realization the costs for 12.70
to 34.98% has been decreased in comparison with the marginal service scheme.

Keywords: logistic approach, transportation technology, container international traffic

The oversaturation of the market, consumer dictation in
the market and rigid competition cause serious difficulties for
producers, trading and sales enterprises in the sale of goods. To
save sales volumes, manufacturers and trading firms are forced

1. Introduction

Transport is a branch of production that provides society vital
needs in goods transportation, and is a part of the infrastructure

production. By providing the transportation goods, transport
makes a significant contribution to development of foreign
economic, scientific, technical and cultural, sports and other
connections of Ukraine, mainly with the European Union
countries. According to this, there is an increasing tendency of
demands for international transport services, both in terms of
volume and nomenclature [1].

to go on expansion sales at the expense of entering markets
that are located in other regions. And while the world economy
integration and countries foreign trade policy orientation to free
trade greatly simplify this task, so the following question has
been raised: how quickly and efficiently, with the least costs, it is
necessary to put the goods on the market [2].
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Nowadays, in the global market, the process of goods
delivery is associated with the process of performing a series of
works, operations and services, the complex of which will ensure
the efficient goods distribution. In such a situation, transport
companies are faced with the task of using efficient tools,
developing methods and procedures for handling orders for any
cargo owner with the most need for quality services. There is a
need to develop a rational technology for servicing orders, while
the delivery of goods in containers in international traffic has
been organized.

The relevance of international container transportation has
been increased [3]. This is evidenced by the existence and
creation of new large, modern companies that are specialized
precisely in this type of cargo delivery organization. They compete
with each other by offering customers the best, more economical,
faster, better ways to handle orders and deliver in international
containers, and the ability to deliver goods to anywhere in the
world. That is why such process necessitates development of the
efficient container transportation technologies.

Container transportation between Ukraine and the European
Union countries has been recognized as the most modern and
high-quality way of international transportation. That allowed
reducing the share of transport component in the final price of
the goods from 2% to 11%. The selection of rational order service
technology and, as a result, the reduction of shipping costs is a
priority task for many companies whose main goal is, logistically,
to provide the right product in the right amount, quality and at
the right time [4]. The use of containers increases transportation
efficiency, because the costs associated with the movement,
storage and handlings of goods are significantly reduced.

New representative offices of world large companies continue
to open in Ukraine. Thus, in January 2017 it became known that
the international operator FM Logistic began to work in the
segment of the sea container traffic in Ukraine. The third largest
company had been opened in Odessa. The company provides
multimodal services, interacts with port operators, ship-owners
and container lines, customs, railways, carriers to create a single
chain of the cargo delivery.

In the first half of 2018, container terminals in Ukraine
processed 340155 TEU. It is 4.7% more than the volume
processed in the same period of 2017. Growth, compared to
previous year’s indexes, shows that transshipment increased by
24.4%, of course, it is not so impressive, but encouraging the pace
of development and stability.

The developed system solutions in container handling at
container terminals allowed improving the efficiency of production
management using modern technologies implementation in the
ports of China [5-9]. One of the important issues in this system is
the return of empty containers, which is solved by using solutions
derived from developed gravity models [ 10]. In addition, the study
[10] proposes an effective solution for the container capacity and
the container terminal area.

In the cargo delivery system,
construction of the port infrastructure, container terminal and

international rational
adjacent areas is very important, therefore, to determine the
optimal configuration of the location, a two-level programming
system was used. This system took into account the container

movement in time and allowed to determine the shipping costs
with the maximum positive effect for the operator [11].

Article [12] presents a new advanced solution for handling
the container terminals system. The process of container terminal
manufacturing operations has been described according to
workflow and Data Flow Diagram (DFD). The integrity and
reliability of the new system using the analysis of the Petri Net has
been proven. At the same time, the new solution of the problem is
to rebuild the logistic processes that have low costs, high quality,
greater flexibility, quick and reasonable response to the entire
production system of the terminal.

The authors of the article [13] focus on modeling of the
products chain supply. However, the subspace identification
methods can be used to characterize relations between some
parameters of the supply system. This can be useful if the
internal structure of the system was complicated. The supply
chains can be identified and modeled by deterministic models of
linear states space. The accuracy of the identified model reflects
the relationship between certain system parameters and their
sensitivity estimates [14-17].

After the oil crisis, Japanese “Just-in-Time” logistics systems
have been created at long distances of mutual cooperation
between the manufacturer of cars, spare parts suppliers, their
logistic subsidiaries and third-party logistics suppliers [18].

Processes and operations in goods delivery can be tested,
depending on acceptable methods and approaches for cybernetic
models “black, white and gray boxes” [19].

In order to protect the critical data and cryptographic
keys, drones’ delivery has been provided based on developed
methodology using the cybernetic model of the “white box” [20].
Experimental results showed that the proposed methodology had
been economically efficient and suitable for supply systems with
limited resources. Economic grounds for logistics operations
are grounded in the works of Petraska et al. [21], Gajewska and
Zimon [22], Agbelie [23], Alghaffari, Nguyen, and Chen [24].

In modern market conditions, international container
transportation of goods between Ukraine and EU countries has
a development perspective, as each year the number of orders
has been increased to the address of transport and transport-
logistics enterprises. The revealed found the problem associated
with the method of organization of the container cargo delivery
in international traffic and the formation of rational technology
service orders based on cybernetic model of the «white box».

The aim of the study is to develop a methodology for service
orders rational technology formation into the organization of
goods delivery in containers in international traffic with minimal
costs based on the logistic approach of the transportation system
using the cybernetic model “white box”. The object of research -
the process of service orders in the organization of goods delivery
in containers in international traffic.

2. Materials and methods

The general scheme of service orders in the organization of
container goods delivery in international traffic between Ukraine
and the European Union countries may include a lot of main
operations using different types of transport (road, rail, sea).
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Figure 1 Set and structure of operations according to cargo delivery
technology as per scheme 1

Figure 3 The sequence of operations as per scheme 3

As practice shows, in terms of economic considerations, the
combination of different modes of transport is usually used.

To minimize the total shipping costs, the task is to select a set
of certain operations, taking into account the requirements of the
customer serviced.

The schemes of service orders in the organization of goods
delivery in containers in international traffic are formed from the
list of operations:

1- Receipt of an application for transportation from a potential
client;

2 - Specification of departure and destination ports;

3-  Selection of appropriate container and determination of its
availability;

4 - Search for container among partner companies;

5-  Selection of the type of a vehicle for transportation of goods;

6 - Determination of appropriateness of the auto transport
usage;

7- Determination expediency of the rail transport usage;

8 - Search for transport vehicles among their own;

9 - Vehicle rental in partner’s firms;

10 - Identification and search of loading and unloading
mechanisms;

11 - Choosing customs brokerage office;

12 - Choosing port delivery scheme;

13 - Determination of reasonability of the auto transport in the
destination country;

Figure 6 The sequence of operations as per scheme 6

14 - Determination of reasonability of the rail transport in the
destination country;

15 - Agreement with the client goods delivery costs;

16 - Contract execution with the contractors and financial-
payment, shipping documents;

17 - Supply container and vehicle under load;

18 - Container movement to the terminal;

19 - Transfer and storage of the cargo at the port terminal;

20 - Transfer and overload of the container on the vessel;

21 - Vessel movement to the territory of a foreign state;

22 - Goods transferring into the terminal of the port and
unloading the container from the vessel;

23 - Customs clearance in the port;

24 - Storage at the terminal territory;

25 - Vehicle delivery and container loading;

26 - Inside vehicle container movement to its destination;

27 - Unloading the container from the consignee’s vehicle;

28 - Cargo unloading outside the container;

29 - Transfer to the recipient.

Ten alternative order schemes have been offered (Figures
1-10), each of which takes into account possible combinations of
operations. Thus, for example, the first scheme (Figure 1) has the
following features: the transport enterprise does not have its own
containers, transport for containers transportation to the port
is automobile, there is an own transport vehicle, transportation
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Figure 7 The sequence of operations as per scheme 7

Figure 8 The sequence of operations as per scheme 8

from the port is done by the motor transport, an unloading of
containers from the vehicle and unloading the cargo is organized.

The difference between the second scheme (Figure 2) from
the first (Figure 1) is that the enterprise has its own containers,
the transportation to the port comes over the rail transport,
vehicles are rented from partner firms, the transportation from
the port - by the rail transport, cargo from the containers is not
unloaded, and immediately transferred to the recipient (Figure 2).

Alternatively, to the second in the third scheme (Figure 3),
the transportation of the cargo to the port is carried out by auto
transport, and the transportation from the port - by the rail one.

In the following scheme (Figure 4), the transportation of
the cargo to the port is carried out by the rail transport and the
transportation from the port - by the automotive one.

The main feature of the scheme (Figure 5) is the combination
of the auto and rail transports during the transportation of
containers to the port and from the port and cargo unloading
outside containers at the transfer to the recipient.

The combination of the rail and auto transport in the process
of bringing containers to the port and bringing them off the port
is shown in scheme six (Figure 6).

The following combinations of operations are displayed in the
scheme (Figures 7-10): combining types of transport, availability
of own or rental vehicles, loading and unloading mechanisms,
storing containers at the terminal or immediate reloading them
into vehicles, transferring to the recipient of the cargo, unloaded
from containers or transfer of downloaded containers.

The costs are the most important parameter when choosing
the best option for the scheme of service orders when organizing
the container cargo delivery in international connections [ 16]. For
this reason, the following research develops a logistic approach to
choosing a sequence of operations of the order service scheme,
which would provide an opportunity to evaluate and optimize

Figure 9 The sequence of operations as per scheme 9

o~
N
1
Figure 11 Schematic of displaying the proposed methodology of the

logistic approach to the transportation system based on the cybernetic
model “white box”

Lnfam 1 Qﬂf‘dt Po.i 1

the associated costs of time, resources and funds. The limited
resources in the delivery system have been considered, as well.

The use of models in this case requires not only their
theoretical development, but the experimental verification on
actual materials, as well. The process of processing orders in
the organization of the container cargo delivery in international
liaison is considered as a complex system, which has a complex of
interconnected and interacting subsystems. For a more complete
and accurate characteristics of the research object, a schematic
representation of the logistic approach, based on the “white box”,
has been proposed (Figure 11).

This scheme clearly indicates which parameters significantly
affect the object of the study and how they are interrelated.
[25-26]. The adaptation of the cybernetic model “white box” is
based on the four established types of connections between the
groups of major processes and the main factors that have been
formed in the proposed method, namely: between groups of main
processes (1-7); between input parameters (4, q,) and groups
of main processes (1-7); between groups of main processes (1-7)
and output parameters (V, ); between groups of main processes
(1-7) and environmental factors (L, , O , N , P ). The scheme

org’ " cp’

of Figure 2 shows the main processes that occur in organization

trans’

of containers goods delivery in the international traffic of the
company “Inter Trans Logistic”: 1 - acceptance of the application
for transportation; 2 - evaluation of the company’s capabilities for
application and choice of service order scheme; 3 - registration

COMMUNICATIONS 2/2019

VOLUME 21



REALIZATION OF THE LOGISTIC APPROACH IN THE INTERNATIONAL CARGO DELIVERY SYSTEM

-

of documents; 4 - loading and unloading work with a cargo; 5 -
loading and unloading operations with the container; 6 - customs
operations; 7 - moving the container.

3. Results

The input parameters that influence the process of container
cargo transportation in international traffic are: number of
containers A; nominal capacity of one container ¢ . External
factors are: distance transportation L ; volume of one order Q
number of customs points N . costs of a particular transaction
P . As a starting point, from the logistic point of view, the total
shipping costs have been chosen V, , as well.

The system constraints, derived from the analysis of order
“Agricultural Holding August”, which establishes trade and
economic ties with partners from Turkey, Italy, Spain, France and
the UK for transportation of established packaged rape seeds, 10
tons of corn on demand and part of 20,000 liters of sunflower
seeds oil and the possibilities regarding this order of the transport
and logistics company “Inter Trans Logistic” have the following
form:

1<A.=2

10 < gen < 30;
1000 < A. <9000;
10 < Qora < 30;

2 <Ny =<6
5<P,-i=100.

()

As a target function for the logistic approach to the
transportation system based on the cybernetic model «white box»,
the function of the total costs of the cargo delivery from a set of
parameters and factors has been chosen. Under such conditions,
the target costs function should go to its minimum:

de)/ :f( Ar, QCIk,Ltmm, Qom’, Nrp, Pg—i) — min. (2)

For further numerical calculation it is necessary to evaluate the
input parameters and factors of the environment in the economic
equivalent, namely, in the form of freight costs, consisting of
a number of components:

Vet = Viuw + Virans + Vea + Ve + Ves + Vioe, 3)

where V, | -loading and unloading costs, US$; V. .- transportation
costs, US$; V- costs of cargo customs declaration, US$; V.-
rental costs of vehicles, containers, US$; V.- costs of contractor
services, US$; V.. - registration costs of financial-payment,
commodity-accompanying documents, US$.

Economic indicators, in the form of costs for specific
operations, according to the proposed methodology of the logistic
approach to the system of transportation based on the cybernetic
model «white box» (Figure 12), have been estimated in stages
according to the rates of transport operations of the company
«Inter Trans Logisticy.

As costs of loading and unloading operations are related to
the cargo and containers, they can be calculated by the formula:

Vl,u.w = Vl.cargo + V/.rom + Vu.mm + Vu,mrga s (4)

where V/.mrgu
costs of loading the cargo container in a vehicle, US$; V. i~ COSES
of unloading the container from the vehicle, USS$; me - costs of
unloading the cargo from the container, USS$.

The costs of loading and unloading the container by cargo

are the following:

- costs of loading the container cargo, USS$; v,

.cont

Vl,(u. )eargo = Qom . C;‘.Ergo . (5)

In formula (5) there are costs of loading or unloading the
cargo to / from one container, US$/t.

The costs of loading and unloading the container in / out of
the vehicle are:

Vlv(u. )eont = A+ C;Zm . (6)

In formula (6), the loading or unloading costs per container
are given in US$/unit.

The costs of transportation of containers by different modes
of transport are the following:

Virans = Viweargo + Var + Vew + Vsr , @)

where Vm,gv - costs of mileage vehicle unladed, US$; V.- costs
of transportation by road, US$; V- transportation costs by rail,
USS$; V- costs of transportation by sea, USS$.

It is worth saying that the costs of mileage vehicle unladed
have been determined by taking into account the costs of moving
a car per one kilometer and the corresponding distance.

The costs of transportation by the road, rail or sea are:

AT(RW,ST AT(RW,ST
Varrw.st) = Qard : Lzrgns . Crrgfm ) s ()

where LTFWST) - the distance of transportation by the
appropriate type of transport; Cini™ST) _ transportation costs
per one ton-kilometer by the road, rail or sea.

The costs of the cargo customs declaration have been
determined by taking into account the time of delay at the
customs office 7, and the cargo delaying costs per one hour at the

border office Q v
Vea=1tiCri-Nep . 9)
Rental costs of vehicles, containers are:

Ve=Ac Ce, (10)
where C - rental costs of one vehicle (container) per day is defined
as the average market in the territory of Ukraine.

The costs of contractor services V., take into account costs of
brokerage agency services C, , the cargo insurance costs C, and
the security services costs C,_:

Ves = Qord : ( Cor+ Cins + Csec) . (11)

VOLUME 21

COMMUNICATIONS 2/2019



AULIN et al.

T s vy wreneanuumn
3 Mana Brioka N
[ Kropyvnytskyi Hosa [Tpara
ET Kponuenpyekuit
Novhorodka Petro
Haivoron . Holovanivs'k, Dobrovelychkivka,  Novoukrainka Hosropoaka ]
TaiBOpoN | T i H ¥ 3
& Kompaniivka
Kowmnaniinka
Seryrnat Pomichna m Dolynska
. Towiuna .
Campans o Bobryplts’ Honmicoxa
Mepsomadicek Eacpgicuy K
a Kryve Ozero &
ra Kpuee Osepo Kp
% Lt | Kazanka
Lyubashivka [ Vuzhnoukghinsk Bparcoke m fore
Tiobawiaka | e 1 HoykaitcaK o
K Anan'iv Bpagiiexa Novyi Buh Shyr
Anansia Hosui Byr LBE
o mm | i
Domanivka, / Voznesensk
Homarisxa Bosnegencbx 3
Bashtanka
Shyryajeve o Bawrakka
lynove 5 e
Uhgiemt Beceniose Nova Odesa il
- R [ Bepeanerysare
Petrovirivka < [14]
Merposipiaxa o
o Befoeaioka Stavky
et Snihurivka
5 Cuirypinxa
Mykolaiv s
Mukonaie
o
Rozdil'na
b en
A
\\ fe ] Kherson
= Xepeou
oo Yuzhne,  Kobleve & _ochakiv Hozad gl He
{115 ] Odesa ' '0xue’ TKobnene “ouakis gl Oleshky
= Lotk Stanisiay . Onewkn
gy Bimsiexa Ofeca Cranicnan -~ Hola Prystan
N e [ ona
e Y i) Mpyerans
L chornororsk K
HopHomppeK K
) Faliom Ot Skadousk

(a)

B
o
Paris Ukraine
©
France {
s s
Romania <.~
Bucharest
.
~ ® <]
Ports ™y ; /
z ‘Andoma \
8 olod LA Podiorka g ARG
Saaedd Noaropnia
) o Tiranae
Spain Valencia Albania
( seyill ¢ |
Grapeda zmi
ar Algiers Antaly

sl e
Rabat i
B

Casablanca ¢ § Malta

(b)

Figure 12 Schemes of container transportations by the company “Inter Trans Logistic” in accordance with the orders of the company
‘Agricultural Holding August” on the territory of Ukraine (a) and on the international traffic (b)

Table 1 Levels of factors variation

Parameter

Minimum value Maximum value

Number of customs offices, pcs
Distance transportation, km
Volume of one order, t

The costs of a particular operation (service), US$

2 6
2000 10000
10 30
5 100

Table 2 Results of the experiment plan with allowance for the limit values

Levels of variation

A series of

experiments  Number of customs offices, pcs

Distance transportation, km

The costs of a particular operation

Volume of one order, t (service), US$

—_

10000
10000
2000
10000
2000
2000
10000
2000
2000
10000
2000
2000
10000
10000
2000
10000

O o0 N N W B W N

—_ m e e e e
L S )
I N N S - T - N N R N N S NC R NS R SR - =)

—_
(=2}

30 5
10 5
10 5
30 100
30 100
10 100
10 100

30 100
10 100
30 100

10 100
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Table 3 The calculation results of total costs for the international cargo container delivery for ten alternative service orders

Series of Total costs of cargo delivery, US$
experiment  Scheme | Scheme2  Scheme 3 Scheme 4  Scheme 5 Scheme 6  Scheme7  Scheme8  Scheme 9  Scheme 10
1 7455.41 6338.74 6588.74 6644.29 7144.29 7210.96 7262.81 7151.70 6649.85 6714.67
2 2377.63 2075.78 2159.11 2177.63 2251.70 2273.92 2292.44 2255.41 2179.48 2199.85
3 851.70 586.89 623.92 698.00 723.92 786.89 779.48 720.22 629.48 677.63
4 7452.42 6335.75 6585.75 6641.31 7141.31 7207.97 7259.83 7148.72 6646.86 6711.68
5 2874.64 1869.09 1980.20 2202.42 2557.97 2746.86 2720.94 2543.16 1996.86 2145.01
6 848.72 583.90 620.94 695.01 720.94 783.90 776.49 717.23 626.49 674.64
7 2374.64 2072.79 2156.12 2174.64 2248.72 2270.94 2289.46 2252.42 2176.49 2196.86
8 2877.63 1872.07 1983.18 2205.41 2560.96 2749.85 2723.92 2546.15 1999.85 2148.00
9 848.72 583.90 620.94 695.01 720.94 783.90 776.49 717.23 626.49 674.64
10 7455.41 6338.74 6588.74 6644.29 7144.29 7210.96 7262.81 7151.70 6649.85 6714.67
11 851.70 586.89 623.92 698.00 723.92 786.89 779.48 720.22 629.48 677.63
12 287763 1872.07 1983.18 2205.41 2560.96 2749.85 2723.92 2546.15 1999.85 2148.00
13 7452.42 6335.75 6585.75 6641.31 7141.31 7207.97 7259.83 7148.72 6646.86 6711.68
14 2377.63 2075.78 2159.11 2177.63 2251.70 2273.92 2292.44 2255.41 2179.48 2199.85
15 2874.64 1869.09 1980.20 2202.42 255797 2746.86 2720.94 2543.16 1996.86 2145.01
16 2374.64 2072.79 2156.12 2174.64 2248.72 2270.94 2289.46 2252.42 2176.49 2196.86

The registration costs of financial-payment, commodity-
accompanying documents are:

k
Vdoc = Z Creg/' “Hyj .

Jj=1

(12)

Equation (12) takes into account the costs of processing
documents k of type C,@g,- and the number of documents of the
appropriate destination n,

The method of mathematical planning experiment has been
used to implement the developed methodology of the logistic
approach to the efficient organization of the container cargo
transportation. To this end, a plan of a fullfactor experiment
has been prepared due to four external factors: the distance
of transportation, the volume of one order, the number of
customs offices, the costs of a particular operation, the minimum
and maximum value of which is determined by the system of
restrictions Equation (2) between Ukraine and the European
Union countries (Table 1). In forming levels of varying factors
that affect goods transportation cost in international connections,
it is necessary to set the maximum values that will correspond
to the order of the company “Agricultural Holding August” by
transporting the cargo by “Inter Trans Logistic” company. The
number of customs offices has been taken into account, which can
maximally affect the transport costs. The minimum number will
be 2 (initial and final), and the maximum number - 6 points for
international traffic in relation to the application of the company
“Agricultural Holding August” and the established route of rice
3. The volume levels of orders have been formed from firm
applications. Costs of operations (services) are reflected in the
unit derived from the analysis of costing services company “Inter
Trans Logistic”.

For given factors, the number of experiments series is 16. As 2
levels of variation has been chosen, so designate them as follows:
“.” - 1st level of variation (min), “+” - level 2 (max). After that,

all possible combinations of connections and values have been
tabulated in Table 2.

Calculations of total costs in the studied ten schemes have
been made in Microsoft Excel, and the results are shown in Table 3.

4. Discussion

To substantiate the developed methodology of the logistic
approach for choosing a rational technology for servicing
orders for international container transportation of goods and
e influence of parameters on the criterion of their efficiency
(expenses), a regression analysis has been chosen. Among
the investigated factors, the following connections have been
considered: linear function with nonzero coefficient; linear
function with zero coefficient; power function with nonzero
coefficient; power function with zero coefficient. To construct the
model, the Microsoft Excel program was used, which employs
a program for calculating regression mathematical models. Using
the above-mentioned cases of analytic regression functions,
a regression analysis has been performed for each alternative
order service (Figures 1-10). It has been determined that for
each operation scheme (Figures 1-10) the linear function with
a non-zero coefficient is the best, because in that case the value
of determination coefficient R is maximum and equals to 0.9. The
regression coefficients have been estimated by: the standard error;
the meaning of “t-statistics”; “P-value”; significant indicators.
According to results of this assessment, factors such as the
number of customs offices and the price of a particular operation
have not been taken into account in the mathematical model of
costs. Thus, the general formula of the regression model of costs
is the following

V’d’i’l =ao+a 'Lzmnx"raZ'Qom; (13)
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Table 4 Determination results of regression models unknown coefficients
Indi The value of unknown coefficients of regression models for the corresponding schemes
ndicator
Scheme I~ Scheme 2 Scheme 3 Scheme 4 ~ Scheme 5  Scheme 6  Scheme 7 Scheme 8  Scheme 9  Scheme 10

a, 2254 2293 2262 2279 2490 2429 2466 -2500 2385 2345

a, 0.52 0.48 0.48 0.47 0.48 0.46 0.48 0.48 0.49 0.48

a, 197.6 158.7 164.7 169.4 178.2 182.5 182.9 178.1 166.1 159.6
Total cost,US $
5000.00 W 745541 W 745242 W 745541 W 745242

W §338.74 W 633575 B 633874 W §33575
8000.00
7000.00 I I } I I
6000.00
5000.00
4000.00 f—— MR [ [—— B 2877.63 W 237763 |W 287464 M 237464
= 207578 u 186000 207279 |m 187207 m 187207 W 207578 M 186909 |m 207279
3000.00 N —
i | 1] | i
2000.00 m 85170 mssn || PR m 55170
W 536890 58390 58390 W 53689
1000.00 ul 3 | 1 a 1
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16

Series of experiments

B Schemel M Scheme2 ® Scheme3 ® Scheme4 ® Scheme$ ® Scheme6 = Scheme7 ® Scheme8 = Scheme® = Schemel0

Figure 13 Total costs for international container delivery according to a series of experiment planning experiments indicating the maximum and
minimum costs of the developed transport order schemes

where m - the number of the corresponding order service scheme,
a, a,, a, - unknown coefficients of the regression equation L,
0 . Results of determining the coefficients of regression (13)
have been presented in Table 4. According to the mathematical
model for the ten service schemes, the calculated values of
expenditure have been calculated and are presented in the form
of a graph in Figure 13.

With implementation of the container delivery company
“Inter Trans Logistic”, order service company “Agricultural
Holding August” for the transportation of rape seeds, 10 tons of
corn on demand and a portion of sunflower oil is 20,000 liters,
according to the applications have been systematized in Table 1.
From the analysis of the graphic representation of the total cost of
international container delivery of the goods of the customer firm
(Figure 13), it follows that the maximum costs will be according to
the scheme of order maintenance. In this case, the costs have been
in the range of 848.72 to 7455.41 US $, according to a certain
series of experiments. Proceeding from condition (2) and analysis
of the data presented in Figure 13, scheme 1 has been selected for
the marginal order maintenance service, concerning which the
estimation of change of general expenses at realization of other
schemes has been carried out. In percentage display according to
Scheme 1, the following intervals have been received: reduction of
expenses for the implementation of the order: scheme 2 - 12.70 to
34.98%; Scheme 3 - 2.93 to 12.00%; Scheme 4 - 2.06 to 10.88%;
Scheme 5 - 1.69 to 4.25%; Scheme 6 - 0.87 to 3.28%; scheme

7-0.97 to 2.58%; Scheme 8 - 1.64 to 4.45%; Scheme 9 - 2.66 to
11.77%; scheme 10 - 2.33 to 9.94%

Results of experimental studies indicate that when the
proposed methodology of the logistic approach, using the “white
box”, to international container transportation of goods in
relation to the application for transportation, the scheme 2
sequence of transport operations has been effective. In its
realization, the costs have been decreased for 12.70 to 34.98% in
comparison to the marginal service scheme 1.

In the future it is planned to build based on the obtained
results an imitation model based on the developed methodology
and models in the environment of Petri Networks taking into
account the risk factors at each stage of the process of the
container delivery of goods in international traffic.

5. Conclusions

« It has been revealed that the proposed method of logistic
approach to the container transportation system, based on
the cybernetic model of the “white box” allows to take into
account in more detail, form the possibilities of the transport
and logistics enterprise in relation to the order and effectively
choose the order of the service maintenance with the
minimum expenses for carrying out transportation.
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Using the logistic approach to the container transport
system, based on the cybernetic model of the “white box”,
based on the company “Inter Trans Logistic”, serving the
order of the company “Agricultural Holding August” for
the transportation of packaged rape seeds, 10 tons of corn
on demand and part of 20,000 liters of sunflower seeds oil,
according to applications, maximum expenses 848.72 to

Results analysis of experimental studies of changes in
costs during the transportation, at the request of the firm
“Agricultural Holding August”, indicates that an efficient
scheme of transport operations has been Scheme 2, because
at the same time costs of 12.70 to 34.98% have been reduced
in comparison with the limit scheme 1 of the transport order
service by the company “Inter Trans Logistic”.

7455.41 US $ have been received according to scheme 1 of
service of this order.
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