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Abstract

The article presents the analysis of approaches connected with solving the problems of increasing the effectiveness of managing the pro-
cesses of goods movement in the supply chains. The attention has been focused on estimating the qualitative component of transport
services, and that is the reliability index. The approaches focused on improving the efficiency of providing transport services have been
studied. The main parameters influencing the reliability of transport and logistics services are identified: time, qualitative and quantitative
characteristics of the goods, as well as the financial component — the cost of the provided transport service. A new methodical approach
to estimating the reliability of goods flows in the supply chains is proposed. It is based on the main principles of the theory of automatic
regulation and the determination of the reliability of technical systems. A complex index of reliability of transport services of logistics
chains is offered: the readiness coefficient and the technical use coefficient. On the basis of structural and parametric identification of the
dynamic model of the logistic system of goods transportation, the considered approach allows identifying a large number of constructive
and technological parameters which affect the movement of goods flows in the supply chains. The results of the simulation all ow one to
analyze the influence of the time constant T, which characterizes the response time of the links in the transport and logistics system,

that is, the ability of the transport service participant not to respond to any external influences, and the influence of the time constant Ty,

which is responsible for delays, non-productive time losses occurring during the delivery of the goods, on the dynamics of the transition-
al processes of the goods flow movement for each link in the supply chains. The elaborated method allows developing managing actions
aimed at improving the quality of transport services.

Keywords: reliability, transport services, logistics system, supply chain, cargo flow.

Managing the transport service of a delivery means addressing
the reliability of the delivery process itself, especially, with re-
gard to delays and uncertainty in time, the quality and availabil-

1. Introduction

The process of material flows advance is one of the main elements
of any production; an indispensable stage in the provision of ser-
vices and an important indicator of the provision of human life
needs. The key element of the transport service is the automobile.
The quality of the provided services is evaluated both from the
client’s side: the shipper and the consignee.

One of the quality indicators of the transport service completion is
reliability. In conditions of the highly competitive transport ser-
vice market, this indicator should not be underestimated.

2. Analysis of Recent Studies and Publications

In a number of European firms and companies, the maintenance
of material, information and other flows is based on the use of
the principles of logistics [1].

Logistics is an important part of the material flows advance into
the supply chains, and weaknesses in them often serve as the
major source of risk. These problems include: availability of
cargo, delivery time, tracking and quality of the goods. Until
recently, the efficiency of transport services was mainly consid-
ered in terms of transportation costs. Nowadays, the efficiency
of supply chains is also evaluated in terms of reliability [2].

ity of the services provided and the risks of failure. All these
risks can affect the main objectives of any supply chain: provid-
ing the produce of the necessary quantity and quality in the right
place at the right time. An insufficient reliability of logistic ser-
vices comes out of the inefficiency of the basic directions of its
functioning — the infrastructure, first of all, the automobile one,
and also the storage which is an integral component of chains of
deliveries of agricultural production. This is connected with the
fact that the harvest is usually collected within a short period of
time, while its processing and consumption occurs during a year.
The authors of work [3] show that storage is one of the main
sources of risk in supply chains. The risk arises from losses dur-
ing the storage time, as well as from the alternative value of the
invested capital. Therefore, it is important to consider the integ-
rity of the chain for balancing the reliability of transport and the
organization of storage and processing of the produce.

According to the results of studies that do not require any signif-
icant costs, the most promising direction of increasing efficiency
and productivity is the introduction of logistics concepts at the
production [4]. An example of such concepts is the one that fo-
cuses on the execution of orders without any delays — “just in
time.” This concept is characterized by a reduction in invento-
ries, optimization of transport routes through the use of a logistic

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/
mailto:bereg_nat@ukr.net

International Journal of Engineering & Technology

271

concept. By coordinating the actions of all participants of the
processes of transport services, the competent logistics allows to
reduce the cost of the produce, increase the turnover of the capi-
tal and use the released funds for other production purposes. The
factor of time, the cost and quality of the produce have the main
role in determining the success of any production functioning
under modern conditions. In turn, the time of the logistics cycle,
logistics costs, the level of technical maintenance, the reliability
of deliveries can be considered as the criteria for assessing the
effectiveness of logistics management at the enterprise [4].

The authors of work [5] note the improvement of transport ser-
vices for the agro-industrial complex through the improvement
of the transportation technology with the use of transport logis-
tics.

In work [6], the authors consider the influence of the time factor
on the competitiveness of the enterprise. According to the con-
ducted analysis, the time factor influences:

- the minimization of storage and storage costs due to the coor-
dinated, efficient activities at the enterprise;

- the rapid adaptation to changes in demand through the intro-
duction of a rapid response system that allows to reduce the
performance time of operations and the delivery period;

- the elimination of the time of operations, that is, the reduction
of the production cycle due to the decrease in the time of the
material flow arrival in all the links of the logistic chain.

It can be concluded that the purpose of logistics goes beyond
cutting costs and increasing profits, and it should be viewed as a
transitional stage in terms of providing better and more reliable
logistic services.

The work of the authors [7] is devoted to obtaining synergetic
effect and improving the quality of logistic services, from the
integration of transport service participants into a single logistic
center. In their opinion, the unification into a single logistic
chain and the development of an interaction scheme for all the
participants will lead to the optimization of the processes of
cargo transportation. Increasing the efficiency of the cargo de-
livery system management using logistic terminals and obtaining
a synergistic effect through the optimization of technological
and management solutions aimed at the resource saving and
synchronization of logistic flows was pro-posed by the author of
work [8]. In works [7, 8], the improvement of quality and, con-
sequently, the reliability of transport processes, is considered
through the introduction of interaction and coherence of the
work of the supply chain participants.

In work [9], the authors note the possibility to provide a qualita-
tively new level of transport services for participants in the sys-
tem. The use of innovative logistics as the most effective, mar-
ket-oriented methodology for managing goods, material,
transport and associated flows with the lowest costs has been
justified. The authors’ main emphasis was made on the for-
mation of transport and logistics clusters (formed, as a rule, ac-
cording to the regional principle) — as the most optimal form to
organize partnership relations, integration and harmonization of
interests of all participants. However, the proposed approach is
aimed at improving the efficiency of transport services provided
at the regional level, through the interaction of all participants in
the transport and logistics system.

In work [10], the choice of the structure of the transport process
and the evaluation of its quality is made with the use of an inte-
gral criterion. The most informative, among a large list of indi-
cators, is time and costs for performing transport operations.
However, the proposed option is quite laborious and does not
affect the aspect of reliability of the warehouse terminal.

In the study given in [11], the author focuses on the fact that it is
necessary to coordinate the level of reliability of the provided
services with the customer. Reliability is one of the reasons why
the automobile transport is losing an important competitive ad-
vantage in the world market of transport deliveries, as well as
inside the country, relative to other modes of transport. The ef-
fectiveness of the transport system functioning of the transport

deliveries depends directly on the identification and use of struc-
tural, resource and functional reserves in the transport system.
The reliability of the transport and logistics system can be con-
sidered from the point of view of several components:

- time;

- losses of qualitative and quantitative characteristics of cargo;

- costs of the delivery.

The authors of works [12-16] consider the reliability of
providing transport and logistics services in terms of time and
financial components.

In most cases, the quality of the transport process is analyzed by
estimating the quality of the carrier itself.

The methodology for estimating the quality of the provided
transport services from the client’s view was proposed in [17].
However, the use of the SERVQUAL method is aimed at in-
creasing the efficiency of managing the movement of goods
flows connected with the international transport.

The study of supply chain performance indicators, carried out by
the authors of [18], has shown the complexity of developing a
criterion of the reliable operation of the transport and logistics
system. The most significant problems were outlined, including
the inconsistency and incompatibility of participants in the sup-
ply chain; the absence of one managing center; the complexity
of choosing a rational delivery scheme and the consistency of
the participants in the supply chain; the dynamism of the system,
connected with changes in the parameters of cargo flows.

The importance of forecasting cargo flows for increasing the
quality of transport services for production in modern conditions
of economic development is substantiated by the author of [19].
In the author’s opinion, the accuracy of forecasts of the perspec-
tive structure and intensity of cargo flows makes it possible to
successfully solve a number of important optimization problems
related to improving the efficiency of transport services for pro-
duction. However, these studies are aimed at determining the
necessary level of proportionality in the development of tech-
nical equipment and technology for the operation of industrial
and trunk railway transport.

The authors of work [20] consider the reliability of the supply
chain, based on the forecast values of the demand for transporta-
tion and the coordinated work of the links in the supply chain.
The analysis of the conducted research has shown that getting
the right information is the dominant factor increasing the relia-
bility of the logistic system, allowing one to choose a rational
technology of delivery, and making it possible to develop man-
aging actions aimed at increasing the profit from the transport
process. But these are only theoretical premises that require
practical justification.

The analysis of the examined works shows that the problem of
increasing the reliability of the transport service of the logistic
system is topical. Considering the complexity of the functioning
and interaction of links in the supply chain, there is the question
of a more detailed study of this aspect. The proposed approach
allows estimating the quality of the functioning of transport and
logistics systems at the expense of a complex indicator. It takes
into account the parameters of the work of transport service par-
ticipants, the technical and operational characteristics of the
system facilities, the probability of failure of the supply chain
links, and the time indicators of the performance of the services
provided.

3. The Basic Part of the Study

3.1. The Purpose of the Study

The purpose of the study is to develop a methodical approach to
determining the reliability of the logistic supply chain functioning,
taking into account the dynamic factor of time.
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3.2. The Methodical Approach to the Justification of the
Supply Chain Reliability Evaluation

The positive feature of dynamic models is that they allow obtain-
ing a quantitative evaluation of the performance of the logistic
system, on the basis of which the decisions on the configuration of
the system, the performance of individual components of the chain
and the necessary volume of resources, as well as the information
and management transmission strategies connected with them, are
made.

The distinctive feature of dynamic models is that the listed func-
tioning indicators will be evaluated not in the form of constants,
but in the form of time functions that reflect the dynamics of pro-
cesses occurring in real systems.

The proposed option for estimating the reliability of transport
services is based on the theory of automatic regulation and the
approach used in technical systems in order to improve the quality
of the work performed.

All logistic systems or logistic chains are inertial systems. After
receiving the application for services, any link of the system goes
to the maximum volume of processing (loading-unloading, trans-
portation, etc.) not instantaneously, but after a certain period of
time. Moreover, at the initial moment of time the volume of appli-
cations for services has the maximum value and, over time, gradu-
ally comes to some average indicator that provides the given level
of the functioning of the system links.

The readiness coefficient Cgr and the technical use coefficient

Cyy are offered to be used as the integrated indicator of the relia-

bility of transport services. At the planning stage the readiness
coefficient provides an opportunity to estimate the potential capa-
bility of the system or its individual elements to fulfill the tasks
assigned to them. Taking into account the calculated formulas and
the results of modeling the probabilities of failure of the partici-
pants in the transport and logistics complex for the production of
sugar beets, as described in [21], one can write down the formula
for estimating the fact that the logistic links of the system will be
capable of working at the given moment of time:

Cr = (1-Psait,i) 1)

where pgy; ; — the probability of failure of the i-th participant in

the logistic system.
The coefficient of readiness of a logistics link (system) Cg - is

the probability that the logistic system of transport services will be
capable of working at any moment of time. That is, Cg estimates

the potential capability of the technical object, and in our case —
logistic links and logistic system. This is the forecast — either “will
fulfill” or “will not fulfill.”

The technical use coefficient estimates the result of the work ful-
fillment, i.e. how the fulfillment of processes in each link of the
chain or the system, as a whole, corresponds to the established
norms. It is calculated taking into account the time spent on per-
forming services and time losses connected with this process. The
formalization of the reliability indicator, which takes into account
the dynamics of processes, i.e. the development of them over time,
with all the delays and time necessary to eliminate them is given
further:

CTU = ¢ 1 (2)

where T, — the time constant, responsible for the response time

of the logistic system links, i.e. time for the task, an hour;
Tqel — the time constant, characterizing delays in the logistic links,

i.e. non-productive losses of time, an hour.

Cyy takes into account the dynamics of the process, that is, its

development over time, with all the delays and time necessary to
eliminate these delays.

The values of the time constants are determined by carrying out
structural and parametric identification of the objects of the lo-
gistic system. Using the basic provisions of the theory of dynamic
objects identification, a differential equation characterizing the
dynamics of the transient process in the logistic system was ob-
tained in work [22]. The solution of this equation makes it possi-
ble to simulate the processes of moving material and information
flows in the logistic links in the dynamics:

dat

y,(t)=V,-[1-e T -(cos f-t+Amp-sinf-t)|, €)

where y, — the parameter of the logistic system functioning ac-

cording to which the simulation will take place, t;

t — the current time according to which the simulation goes, an
hour;

V;, — the forecasted volume of the material or information flow of
the i-th participant of the logistic chain of transport services, t;

dy — the damping decrement, it characterizes the oscillating (une-
ven) character of the transient processes. At d,<0.7, the transient
process has an oscillatory character, at d=>0.7, there is no uneven-
ness:

d = (Tin +Tde| + Clnl ) Clnz)
“ 2 ianeI l

)

where C,,; — the amplification coefficient, characterizing the ex-
tent of the influence of the incoming flow V, on the outgoing one
Yis

Cin2 — the amplification coefficient, characterizing the extent of the
influence of the out-going flow y, on the incoming one V, ;

f — the frequency of fluctuations of the outgoing parameter due to
delays in the passage of applications in the logistic system, 1/hour:

f oy ©)

=

Amp — the deviation value of the outgoing parameter from the
average current value during the oscillation process:

d,
\/]j ’ (6)
at

T — the time constant, characterizing the response time of the dy-
namic model of the logistic system, an hour:

T :\!iin'Tda . )

According to the theory set forth in [22], the time constants and
the amplification coefficients are influenced by the technical and
operational indicators of the work of the participants in the system,
by the time and economic characteristics of the processes of the
transport services fulfillment. The correct regulation of the above-
listed components of the functioning of the transport and logistics
system will allow, in a prompt manner, to make changes in the
quantitative and qualitative composition of the logistic links in the
chain.

The theoretical studies in [23-24] have shown that the optimal
combination of time, financial, labor and technical parameters of
the system corresponds to the equal productive capacities of all
participants. The restriction on productivity is set by the cargo-

Amp =
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absorbing station. With the advance of material and financial
flows in food chains, the composition of which corresponds to the
"producer-transport-processing (storage)" scheme, the most signif-
icant is the last point.

3.3. The Research Results

Dynamics of exit on the pre-arranged volume of processing of
load by the possible participants of transport-logistic complex,
provided moving of freight streams is equal on all links of chain,
is shown in Fig.1.

+ 3000

N
al
o
o
~

Volume of processing
=
al
o
o

1 3 5 7 9 11 13 15 17 19 21 23 25
Time of work, hours.

Logistics center

Manufacturer

Reception point

Temporary warehouse
Transport

Fig. 1: The dynamics of the process in the logistics chains of the system
under the condition Vg, =V, =V, =V o =V 1 Vg, - the volumes of

processing of loads is in a receiving point, t, V,, - the volumes of the
produced loads, t, V;,, - the volumes of cargo processing in the temporary
warehouse, t, V. - the volumes of the processed cargo by the logistics

center, t, V; - the volumes of the transported loads by a transport enter-
prise, t.

Analysis of the theoretical dependences obtained allows us to
draw the following conclusions:

- a load-absorbing point goes to the operating mode for 24 hours;
- a logistics center, works with information flows; daily specifies
and corrects the volume of cargo that the load-absorbing point is
able to accept. Based on the information received, the logistics
center forms the volume of applications for the production of the
required quantity of cargo to the cargo-producing enterprise; to
load cargo on vehicles in a temporary warehouse; for transporta-
tion of goods from the warehouse to the point of reception. As
follows from the dependences in Fig. 1 logistics center processes
information and goes into the mode of 4.5 hours, sending out or-
ders for logistics units;

- a temporary warehouse - which is a buffer in this logistical sys-
tem, comes into operation an hour after the logistics center and
begins the process of loading vehicles for shipment. The sched-
uled mode of operation goes by analogy with the logistics centers
for an hour;

- cargo points - the manufacturing enterprise starts work with the
logistics center, however, the necessary volume of production is
agreed upon and adjusted according to the requirements of the
cargo picking point and is adjusted during the working shift. As
follows from Fig. 1, the company goes into the volume of produc-
tion of the cargo in 8 hours;

- the transport enterprise takes up an hour after the logistics center
starts operating, that is, together with the start of the temporary
warehouse and provides transportation of the planned volume of
cargo in 16 hours.

From dependences evidently, that by the most inertia link of chain
and the least vulnerable to external influence is a receiving point.
The most sensitive participant in the system is the logistics center.
The received data allow developing administrative influences

directed on increase of inertia of links and reliability of transport
services.

The adequacy of the model was verified with using standard
methods of estimating the Cochran repeatability and Fischer ade-
quacy. The confidence error was 0.95, which indicates a high
accuracy of the results. Experimental dependencies were obtained
for all links in the supply chain. Analysis of the data on the de-
pendence of the volume of transportation of goods on time is
shown in Fig. 2.
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Fig. 2: Checking the model for adequacy for the transport enterprise

The experimental data are described by a polynomial dependence
with a high correlation coefficient, which confirms the accuracy of
the results obtained.

The results of simulating the influence of the ratio of the volumes
of processing of material and information flows by each logistic
link in relation to the final point of processing or long-term stor-
age, depending on the response time of the link and the time de-
lays in fulfilling the work, are given in [24]. The dependencies
analysis has shown that an increase in the ratio of the volume of
deliveries to the volume of processing leads to an increase in the
response time and a decrease in delays.

The effect of the combined effect of the two listed factors, when
T,, > max, and T,, — min on the reliability of the logistic links

Cry » depending on the change in the ratio of the processing vol-
umes, is shown in Fig. 3.
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Fig. 3: Dependences of the change of the coefficient technical use of lo-
gistic links on the ratio of cargo processing volumes in the supply chain.

The results of obtained regularities and expressions for determin-
ing the reliability of the functioning of the transport and logistics
complex make it possible to develop a plan for managing the qual-
ity of transport services for participants in the supply chain. Oper-
ating parameters of the cargo-handling and load-absorbing points
of the system, you can reach the established level of reliability of
transport services.
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