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QUALITY MANAGEMENT AND PRACTISES IN AUTOMOTIVE PARTS 
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Abstract: This paper comprises an analysis of an automotive industry company in order to identify whether it has an effective quality 
assurance system, by monitoring the manner business processes are managed (identification, documentation and control) and whether 
system efficiency documentation has been developed. The application of different standards/systems for: quality, environment, employee 
health and safety, corporative social responsibility, food products safety, etc., requires new manager proactive management style and system 
orientation, as well as reengineering of business processes. However, for successful operation, it is not enough to develop a system that will 
provide designed quality, but also the costs to implement business processes are significant. In this paper, by applying the Pareto method for 
detection of points where most defects occur, the Ishikawa approach which reveals the causes of errors, checklists, as well as the Quick 
Response Quick Control methodologies; 8D (Eight disciplines); PFMEA, the business processes for procurement of raw and repro materials 
was optimized. The obtained results show that the implementation of these methodologies to optimize business processes leads to the defined 
quality and better productivity at the lowest costs in operation. 

Keywords: OPTIMIZATION, QUALITY SYSTEM, PARETO ANALYSIS, ISHIKAWA APPROACH, QUICK RESPONSE QUICK 
CONTROL (QRQC), 8D METHOD, PFMEA METHOD 

 

1. Introduction 
The success of the application of the TQM (Total Quality 

Management) strategy depends on the managers choosing a 
methodology supported by a variety of methods and techniques. A 
lot of organizational and technical factors affect the selection and 
application, so depending on the design, i.e. the organizational 
structuring of the quality system, classification of the faultless 
operation methods and techniques may be proposed. 

A great number of scientists [1] stress that the development of 
quality methods and techniques began with the emergence of the 
first elements of statistical theory in the field of inspection, and 
several different techniques and quality tools have been developed 
so far. They cite the example of the famous company Lucas 
Engineering & Systems, where three of the thirteen key principles 
for the development, implementation and success of the concept of 
a total quality management constitute methods and techniques for 
quality control related principles, which confirms their important 
role. They cite the example of the famous company Lucas 
Engineering & Systems, where three of the thirteen key principles 
for development, implementation and success of the total quality 
management concept is composed of principles related to the 
methods and techniques for quality control, which indicates their 
important role. 

The advantage of the application of the quality control methods 
and techniques in companies can be traced in the following: 

• raising the level of quality in all business processes of the 
organization; 

• reduction of all types of costs; 
• reduction of product price; 
• creating trust with customers/users; 
• increasing the knowledge of employees. 
In this way, staff motivation and productivity increase, markets 

expand. Based on the analysis conducted in companies dealing with 
metalwork business activity in the UK [2], a conclusion was 
reached that the biggest reasons why companies do not use quality 
methods and techniques is ignorance and inexperience in applying 
such methods and techniques. They recommend overcoming these 
barriers by using the quality methods and techniques and their 
adequacy in application. 

Тhe stability and predictability of the production process can be 
established through statistical process control [3-5]. In addition, all 
variations can range in defined intervals, i.e. within toleration 
limits. If the process is a series of cases and conditions and a series 
of stages where the expected input value is expected to give the 
requested output with the least possible variations in such output, 
then we can say that the process is stable [6]. 

Not only education, but for [7] statistical process control, the 
strategy to reduce variability is also significant, as part of TQM 
strategy to permanently improve quality [8]. 

The statistical methods for quality control [5] are useful and are 
applied in many functions of the quality system, especially the 
critical areas where it is necessary to improve and optimize business 
processes. 

Although much of the statistical methods and techniques are 
used in manufacturing companies, they have wide application in the 
servicing business activities as well [9]. 

They help decide which data are important and how to get the 
maximum information from them in order to avoid inconsistencies, 
analysis of current problems etc. [10]. 

The statistical concept of quality management is characterized 
by four main principles: 

• the results of any process are variable, they scatter and 
obey some of the distribution laws; 

• errors are always possible and always present; 
• data is always collected and based on them, corrective 

action is undertaken; 
• data must be presented with defined origin, the manner of 

their acquisition, so they can be used in the right direction. 
The scientists [6], based on their study in 83 Swedish 

companies emphasized the benefits of the use of statistical process 
control: 

• achieving low cost of quality and reduce of losses; 
• improving business processes and products; 
• better understanding of the processes; 
• ability to control processes; 
• quality assurance. 

2. Research Methods and Analysis of Results   
The design and implementation of the TQM system in the 

automotive industry is based on several pillars, one of them being 
internal standardization. The Standard Operating Procedures (SOPs) 
are intended to define the flow of all activities for each process and 
based on that to define the obligations and responsibilities of each 
employee. The aim of these standards is to unify the quality of work 
of all participants in one operation or process. When creating a 
SOP, the knowledge of all professionals is embedded, as well as 
their experience and ability to rationalize the processes. Thus, on 
the one hand, the wealth of the company is created, while on the 
other hand, independence of each new employee from the 
experience of the old ones is built [11]. 

The standard operating procedure serves as an instruction that 
allows employees to act without requesting guidelines, and also, the 
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company can rely on its employees because everything is 
documented and their performance can easily be measured. At the 
same time, the standard operating procedure must be accepted and 
adopted by all employees, as well as by the ones preparing it or the 
manager in charge. After the completion of the training, the 
employees should declare whether they have understood and 
whether they accept the standard operational procedure. For 
instance, figure 1 shows a block diagram of the standard operating 
procedure for the business process - supply of raw materials by 
monitoring suppliers’ delivery schedule depending on the demand 
of finished products by customers. 

 

  

Fig. 1 Block diagram of the standard operating procedure for the 
business process - supply of raw materials for production of automotive 
parts 

The application of internal standardization improves staff's 
responsibility in the implementation of business processes. The 
application of TQM system methodology means designing a good 
documented quality system that covers all business processes of the 
company and is the necessary basis for successful application of 
SPC (statistical process control) and efficient teamwork, which 
could not otherwise be set in case of a poor quality system. 

The tendency of the company’s providers is to get an exactly on 
time, a specification and time schedule for delivery of raw materials 
in order to be able to undertake all the necessary prerequisites for 
Just in Time. 

The Pareto chart has been applied in the analysis of data 
regarding the frequency of problems in the process of delivery of 
raw materials and intermediate goods. In the last three months, the 
number of problems that arise in the production of circuit boards 
has increased, for which the Pareto chart was applied to determine 
the frequency of problems. The product line has a control station 
that records all manufactured products with defects on checklists, 
Figure 2. 

 
Fig. 2 Pareto diagram to determine the frequency of defects that occur during the 
production of circuit boards 

Using this method, it has been found that the biggest problem 
arise due to lack of component. In order to determine the possible 
reasons for defects, the Ishikawa diagram was used, which helped 

establish the real causes, Figure 3. Possible causes of the problem 
are as follows: 

• Quality of material.  It shall be checked if the packaging is 
good, if the boards are flat and if the checkpoints are 
properly set; 

• Applied methods. It shall be checked whether the 
component setting parameters are well set, as well as the 
components taking; 

• Accuracy of machinery. It shall be checked whether all 
aspects of the machine associated with the setting of 
components are in order; 

• Training of employees. It shall be checked if the human 
factor is the cause of the defect. 

 
Fig. 3 Ishikawa diagram to determine the causes of defects in the automotive 
industry 

The Ishikawa diagram helped determine the cause of the error, 
which is that the circuit board is not flat and in the process of 
production, it is not possible to set the required components. The 
source of defects is the poor quality of the incoming raw material 
supplied by the supplier. 
The checklist is a method for assessing the stability of the process. 
If the analysis of the checklist shows that the process is stable, then 
no adjustments or changes to the parameter control process are 
necessary. In addition, process data may be used to predict the 
future performance of the process. If the diagram shows that the 
observed process is not under control, the analysis of the checklist 
can help determine the sources of variation. A process that is stable, 
but is outside the desired range, should be bettered. The checklist is 
used to measure the diameter of the electronic circuit board holes. 
The measurements are performed by the very machine performing 
these activities. The data from the machine are analyzed by the 
responsible process engineers and based on these data, the checklist 
is prepared. In case there are any deviations from the standard or if 
measurements show that the diameter is close to the upper or lower 
limit, then the source of variation is checked in order to prevent the 
process from getting out of control, Figure 4. 
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Fig. 4 Checklist prepared as part of the analysis of the project to improve 
the quality of products in the automotive industry 

The results of this checklist show that in one interval, the diameter 
of the holes is at the upper limit, which is an indication that the 
process may get out of control and that there is a need for corrective 
measures. The application of the Quick Response Quality Control 
(QRQC) methodology is aimed at quick resolution of the products’ 
quality/poor quality and quality control problems. This method of 
quick response to quality problems was introduced in Europe and 
France in the automotive industry since the early 2000s. Based on 
facts, the QRQC technique enables quick solution of problems in 
the workplace involving employees who are directly performers of 
work. This method is used in the reality of the problem place, and 
thus wasting time in meetings is avoided. 
The company applied the QRQC methodology as soon as the 
problem of the production line arose, the problem being wrong 
polarity of the assembled components –microprocessor. The expert 
team included representatives from the Department of Quality and 
Production who first detected the problem. The number of defective 
products was detected and the reasons were found. In this case, it 
was established that the defect occurs due to the fact that the 
components holders were not properly set as a result of damaging of 
the certain machine set. Corrective measures were taken in view of 
withdrawal of all machine broken parts, as well as complete control 
of the products, as to protect the client from receiving any defective 
products. The establishment of the reasons did not stop here. The 5-
Way method was applied to detect the cause of problems. The 
activities that followed were proposing corrective measures that 
should be taken to avoid the same or similar problem in future. 
Finally, what followed was control after the application of the 
corrective measures.  
The application of 8D (eight disciplines) methodology created by 
Ford to help company teams deal with quality control and safety 
issues at work; to find appropriate and sustainable solutions to 
problems; and to prevent recurrence of the problems. Although the 
8D process was originally applied in manufacturing, engineering 
and aerospace industry, it can be useful and relevant in any 
industry. 
The steps in the application of the Eight-D methodology in the 
automotive industry in Macedonia are as follows: (see Fig. 5) 
 A team of competent people is formed per particular 

problem; in this case they are representatives of the 
Logistics and Quality Departments. 

 The problem is described. In one component kept in the 
outside warehouse, an old review that is no longer used 
was found. 

 A temporary solution is adopted. The complete discovered 
amount is blocked, so that it does not go into the 
production line. 

 The root of the problem is identified. The disputable 
amount is not recorded anywhere, although there are 
separate lists of what's in the outside warehouse. 

 Corrective measures are established. The Customs 
department which is responsible for the accuracy of the 
list data shall frequently check the actual situation in the 
outside warehouse. 

 Implementation and verification of corrective measures. 
The corrective measures are applied in practice. 

 In order to prevent the problem from recurring, the 
Customs Department performs frequent checks and the 
supplier also checks the status. 

 Finally, the staff being involved in the project is 
congratulated and the project is finally closed. 

 

 

 
Fig. 5 Application of 8D methodology in the automotive industry 

 
Process Failure Mode Effects Analysis Methodology (PFMEA) 

is used by organizations, business units, or cross - functional teams 
to identify and assess any process weaknesses. PFMEA helps 
determine what the impact of a given failure will be on a certain 
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process and prioritizes actions in order to mitigate risk. FMEA 
analysis starts before the beginning of the process (or product) and 
is maintained and modified if necessary throughout the entire 
process (product) life cycle. 

The steps in the application of PFMEA methodology in the 
automotive industry in Macedonia are as follows: (Fig. 6) 

 A cross-functional team is formed out of the process 
holders and the personnel supporting the production 
and a team leader is appointed. 

 The team leader defines the scope, goals and time 
schedule for completion of the PFMEA project. 

 The team creates a detailed process map. 
 The team assesses the severity, frequency and 

probability of detection of error for each step of the 
process. 

 Based on the RPN value, the necessary corrective 
actions are identified for each step of the process. 

 Corrective measures are proposed. 
 The team - leader periodically checks the status of 

corrective actions and updates the PFMEA project. 
 The team leader monitors changes in the process, 

changes in design, as well as other critical changes 
and updates of the RFMEA project. 

 The team leader organizes periodical meetings to 
review the realization of the RFMEA project 
(quarterly review could be an option). 

The shown PFMEA analysis (Fig. 6) has been conducted in 
order to identify possible errors that could occur in the production 
of circuit boards in the automotive industry, not after, but before 
they occur, and it focuses on increasing customer satisfaction. The 
application of PFMEA analysis is aimed at improving the quality of 
products and it is used as a preventive measure. 

 

 
Fig. 6 Application of PFMEA methodology in the manufacturing process 
of circuit boards in the automotive industry 

The shown PFMEA analysis has been conducted by the 
engineers in charge for launching new products before starting with 
serial production. 

3. Conclusion 
The application of the cost optimization methodologies showed 

that they are very important for the management as they enable 
achieving the defined quality, with the smallest number of defects 
and loss expenses. 

These methods and techniques for the faultless operation in the 
automotive industry enabled achieving the defined quality, 
protection of buyers/consumers from defective products, thereby 
increasing the company’s competitiveness, profitability, improve 
quality, reduce defects and costs in operation, increase satisfaction 
and participation of employees in decision-making. This indicates 
the universal application of these methodologies in practice, 

regardless of industry the companies belong to. The application of 
these methods helps establish effective control processes to achieve 
the defined quality at the lowest cost of operation. 
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Abstract: The concept of virtual testing is generally used method for understanding the structures behavior during loading. It can be 
used as accurate replacement of real tests only if they are correctly modeled and verified. The regulation UNECE R66 is uniform technical 
prescription concerning the approval of large passenger vehicles with regard to the strength of their super structure. The rollover test is the 
basic approval test, but virtual tests can be the adequate testing methods of the physical test. The verified computer simulation according to 
the regulation can be equivalent approval method. There is a need that snow groomer vehicle sometimes accommodates larger number of 
people (for sport, work or rescue missions). Because of the terrain those vehicles have to pass, there is significant danger of rollover. So far, 
there are no regulations for testing of such a superstructure. This paper describes the effort and results in the use of virtual testing according 
to ECE R66 as a tool for estimating the safety of passengers inside such a vehicle. A computer simulation of a rollover test of the snow 
groomer vehicle was made. The virtual test was conducted according to the ECE R66 which allows this kind of testing. By following the 
standard guidelines for computer simulation of a rollover test the vehicle superstructure was analyzed. Series of virtual test were carried for 
meeting the standard requirements and the customer needs. The final snow groomer superstructure had to undertake serious reinforcement 
considering the passengers surviving area. 

Keywords: SNOW GROOMER, PASSENGER COMPARTMENT, VIRTUAL TESTING 

 

1. Introduction 
Snow groomer vehicles are powered by tracks, equipped with 

front mounted blades and snow cutter at the back. Their main 
application is maintaining ski slopes during winter time. They can 
handle very steep slopes as a result of their low centre of gravity, 
large width and large contact area. Snow groomer can be used to 
transport employees at the skiing centers, rescuing injured skiers or 
touristic sightseeing. Some of these activities can be replaced by 
cable cars. But the only mean of transport for carrying enthusiastic 
skiers up the hills for off-track skiing is the snow groomer. For that 
reason one running snow groomer was adopted for passenger 
transport, Figure 1. The vehicle had to be equipped with passenger 
cabin for transporting maximum 12 people. Because of no 
passenger compartment safety regulation for this kind of specialized 
vehicles, one existing regulation for large passenger transport was 
used. The worst scenario that can arise during transportation on the 
mountain hills is the case when the vehicle rolls over one of its 
sides. For that reason ECE R66 regulation rollover test of large 
passenger vehicles was preformed. The initial compartment design 
was provided and virtual simulations were conducted according to 
the regulation. 

 

 
Fig. 1 Snow groomer Piston Bully 200 with the model of the passenger 
cabin 
 

2. Challenges of use ECE R66 as a virtual testing 
procedure 

The large passenger vehicles should have superstructure that 
will ensure maximum safety of passengers during rollover. Or in 
other words after a rollover the surviving area should be provided. 
According to the regulation no part of the vehicle which is outside 
of the passenger surviving area or the residual space should intrude 
during the test. Parts that are already in that space can remain there. 
The residual space is continuous in the passenger, crew and the 
driver compartment between the furthermost and the front plane in 
the vehicle. It is defined as a vertical plane moving trough the 
length of the vehicle limited with straight lines. The boundary lines 
of the vertical plane are trough the Sr points on both sides of the 
vehicle. The Sr points are positioned on the seat-back on each 
passenger seat, 500 mm above the floor under the seat and 150mm 
from the inside surface of the side wall, as presented on Figure 2 
[1]. 

The rollover test is an approval test for strength of the large 
passenger vehicle superstructure. It is a lateral tilting test with the 
following basic characteristics. The complete vehicle is standing on 
a tilting platform with a blocked suspension. It is slowly tilted to its 
unstable equilibrium position with the axis of rotation that runs 
trough the wheel-ground contact points. The vehicle overturns into 
a ditch with depth of 800mm, Figure 3. For equivalent approval test 
one of the following stated approval tests can be carried out: 
rollover test on a body section, quasi-static loading test on a body 
section, quasi-static calculations based on the results of component 
tests and computer simulation via dynamic calculations [2]. The 
basic challenge is to fully represent the tested vehicle behavior. 
Virtual testing is more economical compared to the real crash tests 
and as well time consuming procedure for evaluating different 
behaviors. A lot of parameters can influence the simulation output, 
especially in the case of impact analysis. Impact or the impulse is a 
sudden increase in force compared to the static, quasi static or 
dynamic analysis. This sudden change of structure behavior can 
lead to numerical instabilities of the solver in the virtual 
environment. 
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Fig. 2 Specification of the residual space - passenger surviving area 
(source: E/ECE/324; E/ECE/TRANS/505; Rev.1/Add.65/Rev.1; Regulation 
No.66, page 14, 22 February 2006) 
 

 
Fig. 3 Specification of the vehicle rollover test (source: E/ECE/324; 
E/ECE/TRANS/505; Rev.1/Add.65/Rev.1; Regulation No.66, page 15, 22 
February 2006) 

 

3. FEM model 
The snow groomer passenger compartment is a cabin for 10-12 

people together with a space for baggage. Passengers are seating 
backwards to the vehicle driving direction and the baggage area is 
on the side of the driver seating position. For bringing the model 
behavior more realistic and on the other side lowering the 
simulation time some adjustments had to be done: 

- the show groomer is modeled with shell elements as hollow 
block. The block mass is defined as the vehicle total weight and it is 
achieved using element mass. Also it is rigid and no deformation on 
the snow groomer can occur, and it is also rigidly connected to the 
passenger compartment. The dimensions on the block are the outer 
dimension of the snow groomer, Figure 4.  

- for accurate representation on the vehicle during roll over the 
position of the centre of gravity was defined as the position of the 
vehicle itself raised for the centre of gravity of the compartment 
together with the mass of the crew and baggage.  

- all the compartment elements are modeled as shell triangular 
and quadratic elements with three integration points. The number of 
elements of the passenger compartment is 120814 and the element 
size is 15mm. All of the parts are connected using spot weld 
elements. The material properties are some of the examined 
parameters. The numerical simulation runs for 18 hours on a stand-
alone 8 core 2.5GHz CPU with 16 GB of RAM.   

- element mass was used on all of the compartment nodes. 
Element mass is a virtual mass that is added on the elements 
without changing the parts inertial properties. In this case it was 

used to achieve the weight of the passengers together with the 
baggage in the virtual simulation of the rollover test, Figure 5.   

- contact surface to surface was defined between the square 
block representing the snow groomer and the tilting platform. One 
of the problems that were faced during the modeling was contact 
between two rigid bodies. In our case that was the rigid block and 
platform. This was overcome by first defining surfaces that will be 
in contact and then the contact type that prevents penetration 
between master nodes and slave elements. 

 
Fig. 4 Virtual model components  1) passenger compartment   2) snow 
groomer vehicle   3)passenger surviving area   4) tilting platform 

 

 
Fig. 5 FEM element mass distribution 
 

4. Performing virtual testing 
The virtual testing procedure according to the ECE R66 with a 

tilting platform was conducted on a passenger compartment 
together with the snow groomer. The compartment itself should be 
strong enough to restrain the inertial mass of the rigid block during 
rollover. The starting angle of rotation 75° is used as a point before 
which no change in the conditions occurs. The rollover happens 
after the rotation angle of 75°. The results are compared with the 
prescribed values in the standard. Or the minimum surviving area 
for group of passengers in the compartment are boundary limits 
from the sidewalls, top and bottom [1]. In the following are given 
some of the parameters of the virtual simulation: 

- the snow groomer mass or the shell block in the model 
weights 7.3t. This is the vehicle mass given in the technical sheets. 

- the passenger compartment, structure only without passengers, 
weights 517kg. 

- for 12 passenger, each with average weight of 68kg plus 3kg 
of baggage gives 71kg. The total weight of 12 passengers together 
with baggage is 812kg.   

- the rotation angular velocity is 0.1 radians/sec and that is equal 
to 5.7 degrees/sec. 

- the passenger compartment or its frame is made out of square 
and rectangular steel tubes with thickness of 3mm. Each of them is 
made either S235JR or S355J2 according to the European 
designation system (EN10027) [3]. The minimum yield strength or 
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the yielding point for the first steel is Reh=235 MPa and Reh=355 
MPa for the second.  

Virtual testing procedures are known methods often used by the 
author as a tool for acknowledging structures behavior. One 
example where mathematical model was verified by laboratory 
experiment is the doctoral thesis realized by the author. The 
connection between two guardrail segments as part of the highway 
infrastructure was analyzed. According to the thesis methodology 
first one quasi-static experiment was conducted of the bolted 
connection between two segments and then the same experiment 
was mathematically modeled [4]. The experiment was used as 
verification mean after which model improvements were following. 
The same modeling techniques were used in these simulations as 
well.  

5. Improvement of the body structure through 
analysis of test results 

The virtual simulations were carried out as a co-simulation 
where HyperMesh was used for preparing the finite element models 
and analysis were done in the solver LsDyna. The initial and the 
boundary conditions or the model limitations were determined 
according to the standard ECE R66 [5][6]. 

The total mass and the centre of gravity position used in the 
mathematical model are identical to those of the vehicle to be 
approved. The friction coefficient used in the ground contact is 
considered so that produces conservative results. All possible 
physical contacts are modeled. The simulation runs from the 
equilibrium position till the maximum deformation. The energy and 
its components are calculated on every incremental time step. A lot 
of problems were faced defining the time step. It was computed 
based on the smallest element mass increased by the scale factor for 
resolving numerical instabilities. Non-physical mass is added to 
certain elements to increase stability in dynamic analysis. This can 
affect the outcome in a manner of inertial forces (F=m·a) and it has 
to be closely monitored to get good results. Numerous simulations 
were run and each of them with different sets of reinforcements. At 
first one rollover test was simulated on the preliminary passenger 
compartment provided as a CAD model without the trapezium 
inside, representing the passenger residual space. With the same 
impact conditions the cabin was completely wrecked by the block. 
Some of the modifications are shown and explained using the 
pictures below. 

• changing the material properties of the cabin 

The picture presents two identical compartments considering 
their construction, or no reinforcement on the compartment was 
made. The only difference is the material used in the FEM model. 
The first cabin was modeled with material structural steel S235JR 
as a widely used material for structure beams. The second cabin is 
modeled using also structural steel but with different properties 
S355J2. Despite the fact that the materials have different yielding 
point or the point where the material elastic properties end and the 
plasticity starts to happen. The main reason for using different type 
of steel is maintaining the same impact property in Joules but on 
different temperature ranges. The first steel has impact energy of 27 
Joules but tested on room temperature (or 20°C) and the second has 
the same impact properties but tested on -20 degrees. This is 
important considering the fact that the snow groomer vehicle will be 
used on low environment temperatures and has to maintain impact 
strength on this temperature. On the left side of the picture can be 
seen the maximum stress in unit MPa that is reached in the most 
stressed elements. On the first figure the upper corner which is the 
initial impacting point is highly deformed and the compartment 
leans on the rigid trapezium simulating the surviving area. If the 
deformation reaches the trapezium means that it is entering inside 
the residual space which considering the standard is not allowed. 
The difference in the structure response is evident, Figure 6. 

 
Fig. 6 Virtual simulation of a rollover test of passenger cabin made from   a) 
steel S235JR and b) steel S355J2 
 

Based on engineering practice and knowledge the cabin itself 
shouldn’t be designed as stiff as possible. High inertial forces 
arising from the weight of the snow groomer and the sudden impact 
will provide enormous accelerations in the compartment. That main 
challenge is to construct the structure in a way to damp that huge 
amount of energy so that less will be transferred to the cabin. 

• reinforcement using corner elements and double beams 

One of the main reasons for buckling the compartment was the 
first contact between the upper corner of the cabin and the ground. 
Based on that conclusion the corners were reinforced with lager 
supports (as shown on Figure 7 a). Also the vertical UNP120 beams 
were closed having rectangular cross section. The reason is the 
higher bending moment of inertia of a closed area compared to the 
open profile of the beam. The second modification is reinforcing 
cabin structure by increasing the moment of inertia on the cabin roll 
bars. The residual space that will insure the passenger safety during 
vehicle rollover can be provided by constructing “cage” around that 
area. For that reason the beams were reinforced by second attached 
beam, at the begging and the end of the compartment (shown on 
Figure 7 b).  

 
Fig. 7 Modifications in the passenger compartment using   a) corner 
reinforcement and closed profile vertical beams   b) double beams 
 

The stress contour diagrams of the virtual simulations with the 
explained modifications are presented. The first situation with the 
corner reinforcing element dislocates the deformation but it is still 
reaching the passenger residual area. Compared with the stress state 
on the cabin made from steel S235JR can be noticed that the 
deformation expands in the direction of the passenger door seen as 
two vertical beams in the middle of the cabin front. The second 
modification is with double beams around the cabin. In this case the 
cabin remains its rectangular shape which because of the impact is 
just skewed, Figure 8. Still as mentioned before the impacting 
energy is not damped by the cabin deformation and as a result the 
compartment trapezium sustains on the ground.  

a) 

b) 
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Fig. 8 Virtual simulation of a rollover test of passenger cabin with  a) corner 
reinforcement and closed profile vertical beams   b) double beams 
 

• reinforcement using front and back windows frames 

The most important role for keeping the passenger compartment 
intact in rollover test has the cabin roll bars. The front and back side 
of the cabin are reinforced by using other windows frames beside 
the existing ones. By using virtual simulations was concluded that 
the cabin response was much better in this case compared to the 
reinforcement by using just diagonal beams connecting opposite 
corners of the windows. Other reason not to use diagonal beams is 
that the window view would be as well ruined. Different offsets of 
the additional windows frames were tried by different simulations 
so that the output considering the standard will be satisfied and the 
maximum of the window glazing surface will be left. On the Figure 
9 are shown virtual simulations with wide and narrow windows 
frames. Simulations were run and the satisfactory results 
considering the compartment strength were obtained. For 
strengthening not just the front and the back of the cabin other 
modification were done in the vehicle longitudinal direction. 

 

 
Fig. 9 Virtual simulation of a rollover test of passenger cabin with  a) wide 
windows frames   b) narrow windows frames 

 

From the numerous simulations that were run below is 
presented the final reinforced cabin. First the stiffer compartment 
response during rollover was accomplished by using the material 
S355J2. Making the entire cabin from this material will be more 
expensive and more rigid solution. This as explained will lead to 
huge inertial force in the passenger compartment. The cabin in that 
case will not reside on the place of impact but because of the lack of 
deformation it will roll over downhill. The basic idea is to accept as 
mush as possible impact energy and that can only be done by 
structure deformation till the permitted values. The meaning of the 
roll bar structure was explained and achieved by larger top and 
vertical beams, another windows frame at the front / back side of 
the cabin. Also poles were positioned beside each seating place and 
they could be used as hand holders as well. These poles had the task 
of supporting the upper beams and undertaking some of the 

impacting energy trough the length of the passenger compartment. 
With red color are marked the elements made from steel S355J2, 
Figure 10 b. 

 
Fig. 10 a) Preliminary passenger compartment  b) Final reinforced 
passenger compartment 

 

6. Conclusions 
The research effort towards analyzing snow groomer passenger 

structure using a computer simulations and its compliance with the 
regulation ECE R66 provided acceptable solution frame and large 
experience in the area of virtual testing as well. The developed 
virtual test model is capable of describing the real physical behavior 
of the rollover test. Proving the validity of the mathematical model 
and verifying the assumptions made in the model are based on the 
engineering practice with numerical models in similar tasks. It is 
expected full experimental validation process to follow that will 
confirm usability of the virtual testing procedure. The simulation 
program produces a stable solution, in which the result is 
independent of incremental time step. Non-physical energy 
components produced by the process of mathematical modeling for 
example the “hourglass” energy is less than the 5% of the total 
energy at any time. The simulation runs before the first unstable 
situation until maximum deformation is reached. Granting the 
conformity was possible only without reducing the residual space 
after the rollover test. This was accomplished by series of structural 
modifications. The basic challenge to strengthen the passenger 
compartment without enlarging the cabin inertial accelerations was 
accomplished. 
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Abstract:. The modern world is facing two challenges - firstly, the energy crisis related to fuel the 
other - environmental degradation, especially in the form of air pollution and its consequences - climate 
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1. Introduction 
 
The modern world is facing two challenges - firstly, the 

energy crisis related to fuel the other - environmental pollution, 
especially in the form of air pollution and its consequences - climate 
change [1-3]. 

Fuel represents 3/4 of the transport costs for ships 
carrying oil (tankers). An international ship trading company uses 
more than 370 million tons of fuel each year [5], in terms of 
sustained upward trend in the prices of heavy fuel used in the 
operation of main marine diesel engines. 

High oil prices leads to a spiraling increase in the prices 
of many goods and services production chain associated with an 
increase in the prices of maritime transport.  

A boiler burner is a device in which fuel and air are mixed 
in order to provide efficient combustion and to generate heat power. 
A continuous combustion process of gas and liquid fuels is ensured 
by means of burners. Modern fuel oil burners are complex devices 
consisting of many components. These burners comprise different 
types of control and adjustment systems. Fuel oil burners are 
manufactured as separate modules that can be fitted to different 
types of burners [4]. 

 
2. Problem discussion 
 
There are several technically and economically acceptable 

techniques for reducing emissions. In economic terms, these 
techniques are much more efficient than previous methods of 
reducing emissions. Methods to reduce emissions of sulfur dioxide 
are switching from fuels with high sulfur content to those with low 
sulfur content and the introduction of technology to purify.  

 
3. Objective and research methodologies 

 
A lot of parameters affect the quality of the combustion 

process and the resulting emissions. These include burner 
adjustment, geometry of the furnace, fuel pressure, maximum 
values of the temperature and the pressure in the combustion 
chamber (furnace space), values of the air temperature and pressure 
[1]. The fuel atomization can be optimized further in the operational 
process through analysis of the burner flame by means of the testing 
station.  

Flame combustion is accomplished by means of burners. 
It is widely spread. This is the oldest method for fuel burning. It is 
used in boilers, furnaces, technological equipment and engines. 
With this type of combustion the flame is a stable flame in a regular 
shape. The shape of the flame depends on;  

• type (form and design) of the burner; 

• the degree of mixing of fuel and oxidant; 
• the stream of the burning mixture. 
The front of the flame is the boundary between the core 

and the ignition area. The core is an area where the main ignition 
parameters are formed. The shape and the size are determined by 
the intensity of the mixing of the fuel and the oxidant.  

 
 

 
 

Fig.1 A scheme of flame combustion 
 
L В - ignition area 
D – combustion front, has thickness less than L В and L ф 
L L – forcing area; has an elliptical shape  
L ф – length of flame as a whole; has an elliptical shape  
 
 
The flame is externally seen as one dark cone with a light 

elliptical area. The efficiency of combustion is determined by the 
total length of the flame [4].  

The German manufacturer, SAACKE recently unveiled 
their low NOx boiler ship FMB-VF, specially designed to reduce 
NOx emission [6] – see Fig.2.  

 
The boiler have the following characteristics:  
– Vertical two-pass fired boiler; 
– Design allows very high operational reliability; 
– Designed to incorporate proven low NOX 

Combustion Systems; 
– Flue gas recirculation enables compliance with 

current and known future emission regulations; 
– Optional water injection possible. 
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Fig. 2 Fired Marine Boiler SAACKE FMB-VF  

 
The FMB-VF-LONOX is a vertical two-pass fired boiler. 

Heat transfer is performed through the corrugated or plain flame 
tube furnace and a number of plain smoke tubes. The design of the 
flame tube entrance for burner mounting allows a minimum of 
burner refractory which significantly enhances operational 
reliability. 

The FMB-VF-LONOX boiler is designed to incorporate 
proven Low NOX Combustion Systems. In order to meet lowest 
emission levels the boiler package is equipped with flue gas 
recirculation. Flue gas recirculation, in conjunction with Marine 
Gas Oil (MGO) fuels, enables compliance with current and known 
future emission regulations and will allow boiler operation in ports 
worldwide. For Heavy Fuel Oil (HFO) firing the combustion system 
can be equipped with water injection to improve solid particle 
emission levels. 

The burner has a rotary type, it can work with more types 
of fuel, and gas. Rotating cup burners have been developed as a 
result of the efforts to eliminate the usage of steam (air) when 
atomizing HFO and to ensure efficient performance for all modes of 
operation. With the rotating cup burners the fuel is atomized 
centrifugally. Various designs of this type of burners exist [4].  

Rotating cup burners are the most sophisticated type of 
burners at present. Atomization is accomplished by means of a 
conical cup rotating at a speed of 4500÷8000 rev/min. They have 
the following characteristics: 

- reliable, not sensitive to the degree of purity of 
fuel due to the lack of narrow channels; 

- there are no high-pressure and high temperature 
pipelines that involve risks and dangers; 

- depth adjustment d=18÷20; 
- fully automated; 
- complex design; hard to repair; 
- efficiency depends on the change in the orifice 

section of the fuel channel; 
- the primary atomizing air stream can be 

supplied by the main fan but more often it comes from a fan 
mounted on a common axis with the rotary cup and moving along 
with it – fig 3. 

SAACKE Marine System has designed a system for 
delivering fuel and improvements in settings it is possible to adapt 
to all types of marine boilers. Design etc. "hook-up control box" is 
made in such a way that each type of boiler control panels can be 
revamped to safely and reliably burning light fuel without 
modification of existing PLC programs.  

             

 
Fig.3 Rotating cup burner  

 
All necessary additional control, signal and safety loops 

that are necessary for reliable and safelight fuel oil combustion are 
contained inside the hook-up control box. The interaction between 
the hook-up control box and the original boiler/burner control panel 
is solely made by hard-wired signal transfer from/to already 
existing (or duplicated) input/output terminals of the original 
boiler/burner controls. 

In this way, any modification of the existing approved 
burner sequence controls and/or PLC programs is avoided, so that 
the already given approval of the original system is not invalidated 
by the modification. 

Additonal safety shut-downs required in light fuel oil 
combustion mode are implemented into the existing hard-wired 
safety circuit by adding the corresponding number of relays, 
triggered by signals from the hook-up control box. The function of 
those can be easily confirmed during the function test in presence of 
classification surveyor after completion of the modification works 
[6]. 

Summary of features of the SAACKE Marine Systems 
solution: 

- Complete separation of LSFO (MGO) and HSFO 
systems and 100% protection of the LSFO storage and service tanks 
from contamination with HSFO. 

- Very short change-over time to LSFO (MGO) without 
the need to drain the FO circulation piping. 

- Very short change-over time back to HSFO. The 
independent pipeline layout allows for permanent circulation and 
heating of the HSFO ring line. HSFO pumps to be kept in operation 
for circulating during LSFO (MGO) mode operation. 

- Completely independent and redundant controls for the 
LSFO (MGO) operation mode. Any failure in the light fuel oil 
operation mode has no influence on the standard fuel oil operation 
mode controlled exclusively by the original boiler panel. 

- Minimized downtime during system conversion. Due to 
the completely independent LSFO (MGO) supply system 
installation, the boiler can be used normally during 90% of the 
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conversion job duration being supplied by the existing fuel oil 
system. 

- Minimized risk of operator mistakes. Due to the 
comprehensive but simple automation in the hook-up controls, 
Operator’s tasks to change-over from one operation mode to the 
other is limited to the activation of one single selector switch. 

The SAACKE Marine System upgrade kit for Ultra Low 
Sulphur Diesel Oil (ULSDO) – MGO combustion consists basically 
of the following mechanical components, some of which are 
optional items fig.4: 

GO 001 ULSDO (MGO) double pump station. Specially 
designed for operation on low viscosity fuel 

GO 004 ULSDO (MGO) suction thermometer 
GO 006 Stand-by / low pressure alarm switch 
GO 007 Pressure switch/gauge root valve 
GO 015 Burner inlet automatic change-over valve with 

electro-pneumatic drive 
GO 016 Burner outlet automatic change-over valve with 

electro-pneumatic drive 
GO 020 ULSDO (MGO) non-return valve 
GO 023 ULSDO (MGO) safety valve 
GO 025 ULSDO (MGO) temperature transmitter 
GO 028 ULSDO (MGO) radiation cooler 
GO 030 Control air filter regulator 
GO 033 Control air pressure monitor 
GO 050 ULSDO (MGO) adjustable overflow pressure 

limiting/control valve 
GO 058 Shut-off / By-pass valve for GO 050 
GO 060 ULSDO (MGO) suction line shut-off valve 
GO 062 ULSDO (MGO) pump station isolating valve 
The SAACKE MARINE SYSTEMS upgrade kit for 

ULSDO (MGO) combustion also includes the following electrical 
components: 

CGO 010 Hook-up control box for ULSDO (MGO) 
combustion mode control including MGO 

pump motor starters 
CGO 118 Remote indication display with alarm output for 

MGO temperature 
CGO 131 Local manual stop/repair switch for ULSDO 

(MGO) pumps  
 

Fig.4 The SAACKE Marine System upgrade kit for ULSDO 
(MGO) 

 
Upgrade SAACKE Marine System LSFO to provide a 

separate supply system for low-sulfur content fuel with low 
viscosity from storage to combustion devices. Initially, the system 
draws fuel from the reserve tank for light fuel using a pump. 
Usually the delivery of low-sulfur content fuel with low viscosity is 
done by screw pump specifically designed and designated for such 
types of fuels. The fuel passes through the valve GO 060, then 
through GO 062 and enters the suction side of the pump, wherein 
there is a filter. From there, the fuel passes through the pump. At the 

outlet from the pump passes through the tap GO 062. There are 2 
loops. The fuel reaches the non-return valve GO 020, which 
dropped from white to black. This valve is designed to prevent the 
entry of another type of fuel. The device temperature GO 025 shows 
the current temperature of the fuel in the pipeline. PSL GO 006/7 is 
a device for pressure, which maintains the pressure in the system 
within certain limits. If the pressure falls below a certain value, PSL 
signal to the computer. The pressure regulator GO 050 is a valve 
that regulates the pressure of the system (running from 2.1 to 2.5 
bar). It is a valve with a spring, which means that if the pressure 
drop - the valve is opened, and if the pressure rises - the valve is 
slightly closed. Thus, to maintain constant pressure in the system. 
This valve connects the suction GO 050 with the discharge side of 
the pump. The valve GO 058 is a bypass in case you need to repair 
GO 050 (pressure regulator). The cooler fuel GO 020 serves to 
maintain the fuel temperature within certain limits. 

Boiler run on automatic mode. First goes the fan to purge 
the furnace. With the departure of fan and pump starts. While the 
boiler makes blowing, fuel burner valves are closed. Then we have 
to fuel changeover valve GO 015. Solenoid valves GO 015 
definitions if the system running on fuel oil or gas oil. The system is 
filled with fuel and valve GO 050 maintains a constant pressure, 
because there is still no fuel. Fuel stop at GO 015 - the valves on the 
boiler. Once the pressure reached 2.5 bar the three-way valves are 
opened. When the valve of the boiler is opened, is obtained 
differential pressure with the pressure regulator GO 050 opens to 
compensate for the pressure loss. 

While the pressure in the system reaches 2.5 bar, the fuel 
is rotated in the small circle. It maintains a constant temperature of 
the fuel. The cooler GO 028 is fuel-air type, it passes inside a fuel 
from outside and is blown from the air. GO 023 is a safety valve. 
Adjust the pressure slightly higher than what is set pressure 
regulator GO 050. In the event that becomes a system crash or GO 
050 blocks, system pressure will increase and the valve GO 023 will 
open. Then Gas system will connect to the Fuel Oil System. This 
will unload system. GO valve 023 will remain open until the system 
pressure drops below a set point-in which is set.  

 
 
4. Conclusion 
Requirements regarding the purity of exhaust gases from 

the burners of the ship's boilers will continue to rise. The tendency 
to introduce increasingly strict limits on greenhouse gas emissions 
is a result of measures taken to reduce their destructive effect on the 
environment. The modern statutory requirements for environmental 
protection include strict restrictions in relation with sulphur 
admixtures in different types of fuels such as F.O., light fuel oil, 
heavy fuel oil, and diesel oil. These sulphur limits are already in 
force for the sea areas defined as SECA (Sulfur Emission Control 
Area) and they comprise the North Sea, the Baltic Sea, North 
America and Canada as well as all European Union ports.  
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1. Introduction 
With specific technical equipment in the present day a great 

deal of attention is devoted to their use during work activities. It 
is therefore necessary to be familiar with legislation as well as 
safe use in order to avoid various risks, dangers and incorrect 
handling, which may lead to accidents and other dangerous 
situations. An example is electric traction passenger elevators, 
which are the subject of this contribution. Nearly every one of us 
uses such a lifting device every day for moving in different tall 
buildings, schools, hospitals, as well as residential buildings, etc. 
Therefore, it is necessary that passenger elevators be capable of 
safe and breakdown-free operation, given that they are used to 
transport a great many people. 

 

Table. 1: European legal framework for passenger lift [1] 

The basic division of passenger lifts according to driving 
mechanism is shown in the following Fig. no. 1. 

 

Fig. 1 Basic division of passenger lifts according to driving mechanism 
[2] 

 

 

Fig. 2 Brief description of the electric driving mechanism  
of a passenger lift [2] 
 

Several risks result in old elevators from the fact that they are 
designed to be as simple as possible from a construction point of 
view. The safety risks of these lifts are very high, and therefore it 
will be necessary to deal with them as soon as possible. 

1.1 Standard STN EN 81-80 
In 2004 standard STN EN 81-80, which sets the rules for 

increasing the safety of existing elevators intended for the 
transport of persons or persons and freight, was issued. It is 
a component of the group of EN 81 standards “Safety regulations 
for construction and assembly of elevators”. This standard 
compares the safety of an old elevator with a new one and 
proposes solutions for reducing or removing the risks found. It 
recommends that dangerous risks be removed immediately and 
less dangerous risks within 5 years. It also recommends 
reconstruction or replacement of equipment within 10 years in 
order to fully satisfy the level of safety required.  
The current situation of different levels of safety in elevators in 
Europe is causing increasingly more accidents. The reasons for 
introducing the STN EN 81-80 standards and its purposes are 
shown in Tab. 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Passenger lift 

Electric drive motor 

drum 

Hydraulic 
drive direct 

chain 

indirect 

ELECTRIC 
MOTOR 

PASSENGER 
LIFT 

This is the most common 
type of elevator, used in a 

large majority of elevators. 
The towing device is load-

bearing equipment running 
around a traction rope wheel 

in the elevator machinery, 
which is usually situated on 

the roof of the building. 

Selection from the European legal framework 
Standard labelling Name of document 
STN EN 81-1+A3 
(27 4003) 

Safety regulations for construction and 
assembly of lifts. Part 1 : Electric 
elevators 

STN EN 81-2+A3 Safety regulations for construction and 
assembly of lifts  Part 2: Hydraulic 
elevators 

STN EN 81-21+A1  Safety regulations for construction and 
assembly of lifts. Lifts for carrying 
passengers and freight 

STN EN 81-3+A1 Electric and hydraulic small freight lifts 
STN EN 81-80 Safety regulations for construction and 

assembly of lifts, existing lifts. 
STN EN 13015+A1 Maintenance of elevators and escalators, 

rules of instructions for maintenance. 
STN EN ISO 
12100 

Safety devices, general principles for 
construction of machines, method of 
assessing and reducing risk (ISO 
14798:2009) 
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Table 2: Reasons for introducing and the purpose of the 
standards STN EN 81-80 [4] 
 
The most frequent safety deficiencies of elevator operation  [5] 

• Small upper and lower safety space 
• Shaft doors with a single-action door closing 
• Unsuitable shaft and car doors and unsound enclosure of 

elevator shaft 
• Missing or inappropriate grippers and buffers 
• Unsuitable electric driving mechanism for elevator 
• Unsuitable protection of motor, single-action brake, 

emergency signalization, electronic control of elevator 
running 

• Netting enclosure of elevator shafts 

Deficiencies perceived by users 
• Imprecise stopping of elevator car 
• High noise level of elevator machinery 
• High noise level of closing shaft doors 
• Disadvantageous in energy use 
• Frequent outages due to repairs 

 
Reasons for introducing standard STN EN 81 -80 

• The majority of elevators are not designed for physically 
disabled persons 

• More than 3 million elevators are in use in EU countries and 
50% of them are more than 20 years old 

Purpose of standard STN EN 81-80 
• Categorizes various dangers and dangerous situations from 

which each assessed risk is analyzed 
• Enables analysis to be performed on each elevator and  safety 

measures to be set and gradually introduced 
• Provides corrective measures for gradual and selected 

improvement, so that all lifts intended for transporting persons 
or freight are brought up to a current state of safety  

 
For existing elevators approximately 82 so-called safety risks 
have been recorded. 

A safety risk is considered to be the difference between the 
technical equipping of an existing elevator made and installed 
according to previous provisions, with the requirements of 
contemporary standards, mainly with regard to the safety of 
operation. These risks are divided into several levels with regard 
to the number of dangerous situations occurring and the 
seriousness of the given safety risk. They can be found in each 
part of an elevator’s construction. It is first necessary to assess 
objectively and fairly the technical state of an elevator – to make 
a “diagnosis” and only afterwards begin with the “cure”. With 
old lifts other problems appear (e.g. unavailability of replacement 
parts), and therefore removing such risks is only a time-limited 
solution. The most realistic or most correct choice is to gradually 
remove safety risks – first those which directly endanger life and 
health, then less dangerous risks.  
We call the activities which serve for the protection of persons 
and property certification activities for the operating capability 
of an lift. 
They are performed: 
• in the case of a breakdown or damage to an elevator, 
• preventively and 
• on the basis of results of checks, inspections, reviews and 

necessary tests.  
Characteristics of the assessed lift  and risk analysis of it 
It is known that the lifespan of elevators versus the lifespan of 
other transport systems is significantly higher. The age of the 
installed lifts in Slovakia is more than 25 years  and in some 
cases the age is even estimated at more than 30 years, which is 

already a very long period for making adequate replacement. 
These lifts, or more than 98% of them, are from the company 
Transporta, which anticipated their lifespan to be about 30 years. 

2. Analysis of residual risks for the Passenger Lift 
TOV 250 
 

For the analysis of residual risks according to standards STN 
EN 81-80 an lift of the type TOV 250 located in a concrete 
panel housing block was selected. This is an elevator which is 
among the most commonly used types of passenger lifts in panel 
housing blocks, installed during the times of Czechoslovakia. 
The assessed lift is located in a walled shaft. The parameters of 
the elevator are in the following table. 

Table. 3: Parameters of the assessed lift 

Passenger lift 
Type TOV 
Manufacturer Transporta-Brno 
Year of manufacturer 1976 
Loading capacity 250 kg 
Max. number of transported 
persons 

3 

Speed 0.7 ms-1 

Number of load-bearing 
resources 

2x...diameter 10 mm 

Total length of load-bearing 
resources 

2x21.5 m 

Voltage 3x400/230 V 
Type of driving electric motor VM 8a/6 2.5 kW 
Number of stations/loading 
points 

6/6 

Labelling Ac1 

 

 

Fig. 3 Elevator machinery, traction wheel and speed-limiter 

 

Fig. 4 Electric installation of the lift 
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Fig. no. 4 shows a view into the lift shaft – the suspension 
devices, the speed-limiter, the counterweights and the terminal 
switch are depicted. 

 

Fig. 5 View to the shaft [1] 

Fig. 5 shows a view of the upper part of the car construction. 

 

Fig. 6 Suspension carrier-beam 

The following is the analysis performed of residual risks on 
an existing lift of the type TOV 250: 

Table. 2: A selection from the form of the assessed lift of the type 
TOV 250 [1] 
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1 General requirements 

1.1 

Equipme
nt 
without 
harmful 
materials
, e.g. 
asbestos 

5.1.
4 

� yes     
� no 

hi
g
h 

1. Removal of 
asbestos which 
is dispersing 
(e.g. by 
replacement 
with facing), 
2. Asbestos is 
not removed – 
a warning board 
is placed there 

� yes     
� no 

 
 

� yes     
� no 

 

2 Accessibility requirements  

 
2.

1  

Measure
s for 
ensuring 
accessib
ility to 
persons 
with 
physical 
disabiliti
es 

  
5.

2.
1 

 
� 

yes     
� no 
�not 
take

n 
into 
acc
oun

t 

 
Measures 

according to 
STN EN 81-70 

� yes     
� no 

 

 
2.

2  

Precisio
n of 
balancin
g and 
stopping 

5.
2.

2 � 
yes     
� no 

h
i
g
h 

1.Exchange for 
regular driving 
mechanism        
2. Arrange for 
balancing 
equipment 
3. Arrange for 
regulatory 
valve 

� yes     
� no 
� yes     
� no 
� yes     
� no 

 

3 Requirements for anti-vandalism measures 

3.
1 

Measure
s against 
vandalis
m 

5.
3 � 

yes     
� no 

 
Measures 

according to 
STN EN 81-71 

� yes    
� no 

 

4 Operation of elevator during a fire 

4.
1 

Measure
s for 
ensuring 
elevator 
activitie
s during 
a fire 

5.
4 � 

yes    
� no 

  
Measures 

according to 
STN EN 81-73 � yes     

� no 

 

5 Shaft 

 
5.

1 

Perforat
ed lining 
of the 
shaft 

5.
5.

1.
1 

� 
yes     
� no 
�not 
take

n 
into 
acco
unt 

hi
g
h 

a) Line shaft 
with non-
perforated 
lining, or                                    
b) modify 
perforated 
lining of shaft 
according to  
4.2.4.2 STN  
EN ISO 13857 

� yes    
� no 

 
� yes    
� no 

 

 
5.

2  

Partial 
lining of 
the shaft 

 
5.

5.
1.

2 

� 
yes    
� no 
�not 
take

n 
into 
acco
unt 

hi
g
h 

Modify  lining 
of shaft 
according to: 
- 5.2.1.2 STN 
EN 81-1+A3, 
or 
- 5.2.1.2 STN 
EN 81-2+A3 

� yes     
� no 

 
5.

3 

Doors 
(covers) 
for 
mainten
ance to 
shaft 
and 
shaft 
bottom 

 
5.

5.
2 

� 
yes    
� no 
�not 
take

n 
into 
acco
unt 

hi
g
h 

Doors (covers) 
resolved 
according to: 
- 5.2.2.1 STN 
EN 81-1+A3,  
or 
- 5.2.2.1 STN 
EN 81-2+A3 

� yes     
� no 

 

Cars 
stop 
when 
doors 
(covers) 
to shaft 
or shaft 
bottom 
are open 

5.
5.

2 

� 
yes    
� no 
�not 
take

n 
into 
acco
unt 

hi
g
h 

Arrange safety 
equipment 
according to:  
- 5.2.2.2 EN 
81-1+A3, or     
- 5.2.2.2 EN 
81-2+A3 

� yes     
� no 

 

5.
4 

Wall of 
shaft 
under 
each 
threshol
d of 
shaft 
doors 

  
5.

5.
3 

 
 
� 

yes     
� no 

hi
g
h 

Arrange 
thresholds of 
shaft doors 
according to:    
 – 5.4.3 STN 
EN 81-1+A3,   
or            
 – 5.4.3 STN 
EN 81-2+A3 

� yes     
� no 

 

 5.
5  

Protecti
on of 
access 
spaces 
under 
car with 
counter
weight 
or  
balancin
g 
weights 

5.
5.

4 

� 
yes    
� no 
�not 
take

n 
into 
acco
unt 

l
o
w 

a) Construct 
solid pillar on 
solid ground, or 
b) arrange 
counterbalance/
balancing of 
weight with 
safety gear 

� yes     
� no 

 
� yes     
� no 
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7 Machine room and space for pulleys 

 7.
1  

Safe 
access 
to 
machine
ry and to 
the 
space 
for the 
pulleys 

5.
6.

1 

 
� 

yes     
� no 
 

hi
g
h 

Arrange safe 
access with 
equipment 
satisfying:                     
 - 6.2 STN EN 
81-1+A3,  or                
 - 6.2 STN EN 
81-2+A3 

� yes     
� no 

 

  
7.

2  
 

Anti-slip 
floor in 
the 
machine 
room 
and in 
the 
spaces 
for the 
pulleys 

5.
6.

2 �yes     
� no 

l
o
w 

Prepare anti-
slip floor 
according to:  
- 6.3.2.2, 

6.7.1.1.2 
STN EN 
81-1+A3 

- 6.3.2.2, 
6.7.1.1.2  STN 
EN 81-2+A3                                     
  EN 81-2:1998 

� yes     
� no 

 

7.
3 

Horizont
al 
distance 
in the 
machine 
room 

5.
6.

3 �yes     
�no 

m
e
di
u
m 

Cover moving 
parts with 
a cover  
according to 
table 4 STN EN 
ISO 13857 

�yes      
� no 

 

8 Shaft and car doors 

 8.
1 

 

Non-
perforat
ed shafts 
and car 
doors 

5.
7.

1 � 
yes     
� no 

h
i
g
h 

Supplement 
shaft and car 
doors according 
to: 
- 7.1, 8.6.1 
STN EN 81-
1+A3, or  
- 7.1, 8.6.1 
STN EN 81-
2+A3 

� yes     
� no  

 8.
2   

Firmnes
s of 
anchorin
g of 
shaft 
doors 

5.
7.

2 � 
yes     
� no 

h
i
g
h 

Replace 
anchors of shaft 
doors according 
to:  
- 7.2.3.1 a 
7.4.2.1 STN 
EN 81-1+A3,   
or 
- 7.2.3.1 a 
7.4.2.1 STN 
EN 81-2+A3 

� yes     
� no  

              
8.

3 
                

Shaft 
and 
cabin 
doors 
with 
glass 

5.
7.

3 

� 
yes    
� no 

 
�not 
take

n 
into 
acco
unt 

h
i
g
h 

a) Replace glass 
according to: 
   -7.2.3.2, 

7.2.3.3, 
7.2.3.4, 
8.6.7.2, 

     8.6.7.3 and 
8.6.7.4 
STN EN 
81 1+A3, 

   -7.2.3.2, 
7.2.3.3. 
7.2.3.4, 
8.6.7.2., 

     8.6.7.3 and 
8.6.7.4 STN 
EN 81-
2+A3,  

 or 
b) replace glass 
according to: 
   - Annex J 
STN EN 81-
1+A3, or 
  - Annex J 
STN EN 81-
2+A3, or 

c) reduce size 
of glass panels 
according to: 
   - 7.6.2 STN 
EN 81-1+A3, 
or      
   - 7.6.2 STN 
EN 81-2+A3,  
or 

d) remove glass 
panels  and 
replace them 
with solid 
panels and 
supplement "car 
at station" 
signalization 

 
 
 

� yes     
� no 

 
 
 
 

� yes     
� no 

 
 

� yes     
� no 

 
 

� yes     
� no 

 

8.
4 

Protecti
on 
against 
dragging 
child’s 
hand 
with 
horizont
al 
moveme
nt of car 
and 
shaft 
doors 
with 
glass 

5.
7.

4 

� 
yes    
� 
no 
 

�not 
take

n 
into 
acc
oun

t 

lo
w

 

Supplement 
protection 
according to: 
 - 7.2.3.6 and 
8.6.7.5 STN EN 
81-1+A3, 
   or 

 - 7.2.3.6 and 
8.6.7.5 STN EN 
81-2+A3 

� yes     
� no 

 

9 Car, counterweights and balancing weights  
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 9.
1 

 

Safe 
ratio of 
floor 
space in 
car to 
loading-
capacity 

5.
8.

1 � 
yes    
� no 

low 

1. To 
reduce 
the usable 
floor 
space of 
the car, or 
2. to limit 
use of the 
elevator 
only for 
trained 
users, or 
3. to 
verify the 
intended 
use of the 
lift 

� yes     
� no 

 
� yes     
� no 

 
� yes     
� no 

 

          9.
3 Car 

doors 5.
8.

3 � 
yes     
� no 

high 

a) 
Suppleme
nt self-
acting car 
doors 
according 
to:  
 - 8.6, 
8.7, 8.8, 
8.9 
and 8.10                  
STN EN 
81-1+A3, 
or 
  -  8.6, 
8.7, 8.8, 
8.9 a 8.10                    
STN EN 
81-2+A3, 
or 
b) 
suppleme
nt manual 
car doors 
according 
to: 
 - 8.6, 8.7, 
8.8, 8.9 
and 8.10                   
STN EN 
81-1+A3,  
or  
 - 8.6, 8.7, 
8.8, 8.9 
and 8.10                          
STN EN     
81-  
2+A3 

 
 
 

� yes     
� no 

 
 
 
 

� yes     
� no 

 
 
 

 9.
4  

 
Securing 
the 
emergen
cy cover 
on the 
car 

5.
8.

4 

� 
yes     
� no 

 
�not 
take

n 
into 
acco
unt 

mediu
m 

Suppleme
nt locking 
equipmen
t of cover 
according 
to:                                         
   - 
8.12.4.2 
STN EN 
81-1+A3, 
or             
   - 
8.12.4.2 
STN EN 
81-2+A3 

� yes  
� no 

 

10 Load-bearing resources, counterweights and speed-limiters 

10
.1

 

Protecti
on 
against 
accident
s with 
friction 
wheels, 
pulleys, 
chain 
wheels 

8.
9.

1 

� 
yes     
� 
no 

�not 
take

n 
into 
acc
oun

t 

m
e
di
u
m 

Supplement 
covers 
according to:                              
   - 9.7 STN EN 
81-1+A3, or  
   - 9.4 STN EN 
81-2+A3 

� yes     
� no 

 

10
.2

 
Protecti
on 
against 
falling 
of 
rope/cha
in from 
pulleys/ 
chain 
wheels 

5.
9.

1 

� 
yes    
� 
no 

�not 
take

n 
into 
acc
oun

t 

m
e
di
u
m 

Supplement 
covers 
according to: 
  - 9.7 STN EN 
81-1+A3, or 
  - 9.4 STN EN 
81-2+A3 

� yes     
� no 

 
10

.3
 

Protecti
on 
against 
objects 
getting 
between 
rope/cha
in from 
pulleys/ 
chain 
wheels 

5.
9.

1 

� 
yes    
� 
no 

�not 
take

n 
into 
acc
oun

t 

l
o
w 

Supplement 
covers 
according to: 
  - 9.7 STN EN 
81-1+A3, or 
  - 9.4 STN EN 
81-2+A3 

� yes     
� no 

 

10
.4

 

Grippers 
controlle
d by 
suitable 
speed-
limiters 

5.
9.

2 

� yes     
� 
no 

�not 
tak
en 

into 
acc
oun

t 

hi
g
h 

Supplement 
grippers 
controlled by 
a suitable 
speed-limiter 
according to:                                                
   - 9.8 and 9.9 
STN EN 81-
1+A3 

� yes     
� no 
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10
.5

 

Correct 
function 
of 
grippers 
and 
a suitabl
e speed-
limiter 

5.
9.

2 

� 
yes     
� no 
�not 

tak
en 

into 
acc
oun

t 

hi
g
h 

a) Set the 
system (without 
interfering in 
safety 
components), or 
b) if setting is 
not possible, 
replace the 
grippers 
controlled by 
a suitable 
speed-limiter 
according to:                  
      - 9.8 and 
9.9 STN EN 
81-1+A3 

� yes     
� no 

 
 

� yes     
� no 

 

11 Guides, buffers and terminal switches 

  
11

.1
 

   

Guides 
of 
counter
weights 
or 
balancin
g 
weights 

5.
10

.1
 

� 
yes     
� no 

 
�not 
take

n 
into 
acco
unt 

l
o
w 

Counterweights 
or balancing 
weights: 
a) equip with 
firm guides 
according to:    
10.2.1 STN EN 
81-1+A3, or 
b) replace 
guides with 
four steel lines 

 
 

� yes     
� no 

 
� yes     
� no 

 

 
11

.2
 

 

Suitable 
buffers 
or other 
equipme
nt 

5.
10

.2
 � 

yes     
� no 
. 

hi
g
h 

Supplement 
buffers 
according to: 
  - 10.3 STN 
EN 81-1+A3, 
or 
  - 10.3 STN 
EN 81-2+A3 

� yes     
� no 

 

 
11

.3
 

 

Termina
l 
switches 5.

10
.3

 

� 
yes     
� no 

m
e
di
u
m 

Supplement 
terminal 
switches 
according to: 
  - 10.5 STN 
EN 81-1+A3, 
or 
  - 10.5 STN 
EN 81-2+A3 

� yes     
� no 

 

12 Distance between cars and shaft doors 

   
12

.1
 

   

Horizont
al 
distance 
between 
interior 
surface 
of wall 
and 
threshol
d, door 
frame of 
car or 
closed 
edge of 
car 
sliding 
doors 

5.
11

.1
 

� 
yes     
� no 

hi
g
h 

a) Reduce 
distance 
according to: 
  - 11.2.1 STN 
EN 81-1+A3, 
or 
  - 11.2.1 STN 
EN 81-2+A3, 
or 

b) equip car 
with security 
equipment 
according to: 
  - 8.9.3 STN 
EN 81-1+A3, 
or 
  - 8.9.3 STN 
EN 81-2+A3 

 
� yes     
� no 

 
 

� yes     
� no 

 

 
12

.2
 

  

Horizont
al 
distance 
between 
closed 
car and 
shaft 
doors 

5.
11

.2
 

� 
yes   
� no 

 
�not 
take

n 
into 
acco
unt 

h
i
g
h 

Modify 
equipment 
according to:                      
- 11.2.3 or 
11.2.4 STN EN 
81-1+A3 or                                                         
-11.2.3 or 
11.2.4  STN EN 
81-2+A3 

� yes     
� no 

 

13 Lifting machinery 

13
.1

 

Emerge
ncy 
driving 
mechani
sm of 
electric 
elevator 

5.
12

.2
 

� 
yes   
� no 
�not 
take
n 
into 
acco
unt 

h
i
g
h 

Supplement 
emergency 
driving 
mechanism 
according to: 
 - 12.5 and 
instructions 
given in 16.3.1    
    STN EN 81-
1+A3 

� yes     
� no 

 

13
.2

 

Emerge
ncy 
driving 
mechani
sm of 
hydrauli
c 
elevator 

5.
12

.2
 

� 
yes   
� no 
�not 
take
n 
into 
acco
unt 

h
i
g
h 

Supplement 
emergency 
driving 
mechanism 
according to: 
 - 12.9 and 
instructions 
given in 16.3.1  
    STN EN 81-
2+A3 

� yes     
� no 

 

 
13

.3
 

 

Closing 
valve 
(hydraul
ic 
elevator
s) 

5.
12

.3
 

� 
yes   
� no 
�not 
take
n 
into 
acco
unt 

l
o
w 

Supplement 
closing valve 
according to: 
  -12.5.1 STN 
EN 81-2+A3 

� yes     
� no 

 

 
13.
4 
 
 

Missing 
controlli
ng of 
driving 
mechani
sm by 
indepen
dent 
contacts 

5.
12

.4
 

� 
yes   
� no 

h
i
g
h 

Supplement 
stopping 
equipment 
according to:  
  -12.7 STN 
EN 81-1+A3 
or               - 
12.4 STN EN 
81-2+A3 

� yes     
� no 

 

14 Electrical equipment 
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14
.1

 

Insuffici
ent 
protectio
n 
against 
injury 
by 
electric 
current 
(IP2X). 
 
Protecti
on and 
marking 
of 
electrica
l 
equipme
nt. 

5.
13

.1
 � 

yes     
� no 

hi
g
h 

1. Equip 
electrical 
equipment with 
covers 
according to:                                                         
-13.1.2 STN 
EN 81-1+A3, 
or              -
13.1.2 STN EN 
81-2+A3 with 
cover at least 
IP 2X. 
2. Supplement 
labelling set by: 
   -13.5.3.3 STN 
EN 81-1+A3, 
or 
   -13.5.3.3 
STN EN 81-
2+A3, if 
voltage on the 
clamps is not 
greater than 50 
V. 
3. Supplement 
inscription 
with warning 
for 
maintenance 
workers that 
voltage 
remains on the 
clamps even 
when power of 
individual 
contacts in the 
group is shut 
off. 

 
 

� yes     
� no 

 
 
 
 

� yes     
� no 

 
 
 
 

� yes     
� no 

 
14

.2
 

Protecti
on of 
electric 
motor of 
lifting 
machine
ry 

5.
13

.2
 � 

yes     
� no 

l
o
w 

Supplement 
equipment for 
monitoring 
temperature 
according to:  
  - 13.3.1, 

13.3.2 
and 13.3.3  

      STN EN 
81-1+A3,   or                                           
  - 13.3.1, 
13.3.2 and 
13.3.3  
      STN EN 
81-2+A3  

� yes     
� no 

 

14
.3

 

Lockabl
e main 
switch 
in 
machine 
room 

5.
13

.3
 � 

yes     
� no 

m
e
di
u
m 

Supplement 
lockable main 
switch 
according to:  

 -13.4.2 STN 
EN 81-1+A3, 
or    
 - 13.4.2 STN 
EN 81-2+A3  

� yes     
� no 

 

15 Protection against electrical malfunctions, managing, priority 

15
.1

 

With 
change 
of phase 
no 
danger 
of bad 
function
ing of 
the 
elevator 
threaten
s 

5.
14

.1
 � 

yes    
� no 

lo
w 

Supplement 
protection 
against 
a change of 
phase for 
ensuring that 
the phase 
change cannot 
cause 
dangerous 
function of the 
elevator 
according to:                                              

  - 14.1.1.1 j) 
STN EN 
81-1+A3, 
or 

  - 14.1.1.1 j) 
STN EN 81-
2+A3 

� yes     
� no 

 

15
.2

 

Equipm
ent for 
inspecti
on ride 5.

14
.2

a � 
yes    
� no 

hi
g
h 

Supplement 
equipment for 
inspection ride 
according to:  

 - 14.2.1.3 
STN EN 81-
1+A3, or  
 - 14.2.1.3 
STN EN 81-
2+A3 

� yes     
� no 

 

15
.3

 

Stoppin
g 
equipme
nt on car 
roof 

5.
14

.2
b � 

yes    
� no 

hi
g
h 

Supplement 
stopping 
equipment 
according to:  

  - 14.2.2 STN 
EN 81-1+A3, 
or       
  - 14.2.2 STN 
EN 81-2+A3 

� yes     
� no 

 

16 Plates, labelling and operator instructions 

        
 1

6.
1 

        

Informat
ion 
about 
safe use 
and 
mainten
ance of 
lift 

5.
15

 � 
yes     
� no 

m
e
d
i
u
m 

Provide correct 
contacts, 
labelling and 
instructions for 
operator and 
use stated in:    
 - 15.2.1, 15.3, 
15.4, 15.5.1, 
15.5.3, 15.7, 
15.11 and 15.15 
STN EN 81-
1+A3, or                                                      
- 15.2.1, 
15.2.5, 15.3, 
15.4, 15.5.1, 
15.5.3, 15.7, 
15.11, 15.15, 
15.17 and 
15.18 STN EN 
81-2+A3 

� yes     
� no 

 

 

Notes: 

1. The examined case is crossed out – at present this risk is 
impossible to assess (the elevator is not equipped with these 
components). 

2. A requirement “not taken into account” – this examined case 
does not apply in the elevator and probably will not be, or for 
other reasons will not be. 

High level: the risk must be removed soon, medium level: the 
risk must be removed in a period together with greater 
modernization, low level: the risk may be removed in the long 
run together with modernization. 
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CONCLUSION 
From the presented form for assessing the safety of an 

existing elevator it follows that the assessed elevator has risks 
which fall into the category of “high” – which need to be 
resolved as soon as possible – but there are also risks which, 
unfortunately, are not taken into account, so that it is not possible 
to resolve them. Namely because the elevator is not subject to 
current legislative provisions, and it is not possible to remove 
these risks. It is not possible to remove them because the elevator 
would need complete replacement or reconstruction, for which 
there is not financing, unfortunately. Such a complete 
replacement of an elevator costs approximately 30,000 – 40,000 
€.  It is necessary to note that given the fact that regular reviews, 
inspections, tests, controls, maintenance and all activities 
necessary for its safe operation, are conducted on this elevator, 
and that its age is relatively high, and it perhaps represents from 
its visual side a danger, it still ranks among the group considered 
to be “less dangerous”. 
It is recommended that the performed analysis of residual risks 
be given to building owners who are responsible for elevators. It 
then becomes their choice about how to deal with the results of 
the analysis. They may decide for gradual removal of defects, or 
for a radical solution – namely a complete replacement which, 
unfortunately, is financially demanding. It is necessary to keep in 
mind, however, that no small amount of money is spent annually 
on maintenance of this equipment. Therefore, it is suitable to 
consider reconstruction of the elevator, after which only essential 
service (review) would be performed. 
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Abstract: Diseases of the support-motor system are the most common reason for work disability. They cause not only personal suffering 
and loss of income but also represent considerable costs for businesses and the national economies of individual countries. One of the 
important indicators of the incidence of serious health damage from work is the occurrence of reported diseases from professions and other 
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activities, introducing preventive measures and controlling the effectiveness of measures taken. The article presents an example of 
ergonomic risk assessment for working with loads as a means of prevention.  
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1. Introduction 
“Ergonomy is an interdisciplinary science examining the mutual 

relationships of man and technology the work environment and 
monitoring the relationships within these subsystems with the aim 
of achieving a maximum degree of humanization and work safety, 
which a company and an individual can secure in a given stage of 
development” [1]. 

The aim of ergonomy is [1]: 
• simplification of working conditions, 
• to protect human health and to minimize the working of 

negative influences on a person during work activities, 
• humanization of technology, 
• designing of workplaces, instruments, machines, equipment, 

objects and aids such that it is possible to adjust their size 
and shape to the human body. 

2. Ergonomic risk as a part of safety analyses 
This is a tool which is intended for examining certain aspects 

working on a person in a working environment. The aim is 
identification of deficiencies at the given workplace and then an 
effort to remove them then using appropriate measures. The 
measures may be technological, systemic or organizational. These 
measures subsequently enable adaptation of working conditions and 
thus the optimizing of the work load. 

Working with loads is considered to be any activity during 
which human strength is used for lifting, carrying, pressing, pulling 
and placing loads. We recognize both living and non-living loads. 
When lifting heavy loads, the risk of muscular-skeletal diseases 
occurring is increased. The most frequently burdened parts of the 
body are the knee joints and the lower part of the spine. The 
incorrect handling of loads can lead to great pain and serious 
illnesses [2]. 

3. The NIOSH Lifting index method 
Unsuitable working positions, which can lead to illness of the 

motor apparatus, are frequently found during work activities having 
the character of physical work at work stations that are poorly 
organized ergonomically. New methods which are used today for 
assessing physical burden enable, with the help of postural analysis, 
the identification and overall assessment of risks leading to damage 
to muscles and the spine. The NIOSH Lifting index method belongs 
among those methods which are used for assessing ergonomic risks 
that arise when working with loads [3]. 

This is a European standard for assessing the limit for handling 
loads which have a weight greater than 5 kg and handling them for 
a period of 8 hours. The values are derived from dependence of the 
weight of the handled load and pressure on the intervertebral discs. 

Limit values relate to the pressure forces working at the transfer 
point of the lumbar and lower spine (between vertebrae L5 - S1) 
Fir. 1. 

 
 

 
Fig. 1: Loading of the spine between vertebrae L5/S1 

 

 We can use the NIOSH method, which is focused on analysis of 
lifting actions, if the following are provided: 

• balanced lifting, using both hands, 
• smooth movements, 
• good conditions for transferring forces, 
• freedom of movement (without limitation of position), 
• a suitable work environment. 

The method for calculation of the weight limit cannot be used if 
the lifting or stacking of loads involves: 

• use of an aid, 
• an unsuitable working environments, 
• lasts longer than 8 hours, 
• working when seated or kneeling, 
• unstable objects, 
• simultaneous carrying, pressing or pulling [4]. 

The equation for calculation of the recommended weight limit 
(RWL) is based on a multiplier model, which gives the weight for 
each of the variables. The weighted shares are expressed as 
coefficients, which lower the load constant (LC). This load constant 
expresses the maximum weight of a load which can be lifted under 
favourable (ideal) conditions. 

The weight limit which is recommended represents the 
maximum weight of a load for approx. 75% of the female 
population and up to 99% of the male population. Each healthy 
worker with a calculated value of weight can handle during a whole 
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work shift (8 hours) without increasing the risk of pain occurring in 
the lumbar part of the spine. 

Likewise, the measure of relative physical ease, the so-called 
Load Index (LI), which is the ratio between the lifted weight and 
the RWL, is set as: 

 
                 LI = (L [kg])/(RWL [kg])                          (1) 

The recommended calculation of the NIOSH method is defined 
using the presented equation; explanations to the equation are in 
Tab. 1, in which a brief description of the individual multipliers is 
given, treated according to [15]. 

 
RWL = LC x HM x VM x DM x AM x FM x CM            (2) 

If the value of the Load Index (LI) is lower than 1.0, this 
indicates an inconsiderable risk of damaging health for the 
employee. If this value is equal to or higher than 1.0 this means 
high risk of damage to the spine, Tab. 2. 

 
Table 1: Multipliers of the Load Limit 

Multiplier name Characteristics 
LC Load Constant Load Constant (LC = 23kg) 
HM  
Horizontal Multiplier factor 

The Horizontal Multiplier  
(H = 25/H) 

H – horizontal distance from the 
ankle to the centre of gravity of the 
load 

VM  
Vertical Multiplier factor 

The Vertical Multiplier 
(VM = 1 – 0.003 (V – 75)) 

V – depends on height of grasping 
the load  

DM 
Distance Multiplier factor 

The Distance Multiplier 
(DM = 0.83 + 4.5D) 

D – length of the lift in the vertical 
direction 

AM 
Asymmetric Multiplier factor 

The Asymmetric Multiplier 
(AM = 1 – 0.0032.A) 

A – depends on the angle of 
asymmetry when lifting the load 

FM 
Frequency Multiplier factor 

The Frequency Multiplier gives the 
number of lifting actions/1 min 

CM 
Coupling Multiplier factor 

The Coupling Multiplier describes 
the relation between the hands and 
the grasped load 

 
Table 2: Load Index LI 

LI  < 1 LI  > 1 LI  > 3 
Ideal case Increased risk of pain 

in lower spine 
Probability of an 

injured spine increases 
 
During long-term work with loads it is also essential to devote 

attention to the calculation of the recommended load limit for 
employees. In this way it is possible to avoid damage to health, the 
occurrence of work injuries and work-related illnesses which are 
linked with expenditures on the side of the employer. The 
application of methods for assessing physical burden which are 
focused on reducing risks of damage to the locomotive apparatus 
can result in the easing of laborious work activities and thus also 
help protect employee health at work. 

4. Assessment of ergonomic risk during selected 
activities using the NIOSH method 

With the given work activity the handler lifts a plastic container 
full of metal components, which is stored in the lower part of the 
rack on roller tracks, Fig. 2 and 3. He lifts it with both hands, which 
he holds in front of the body, and puts in onto the transport wagon. 
The plastic container has an optimal configuration, with handles on 
both sides. 

 

 

 

 

Fig.2: Start of the action  

 

Fig.3: Target position of the action 

Horizontal coefficient (H) - the position of the hands at the 
initial action is 40cm and the distance to the end action 28cm. This 
position is measured as the distance between the ankles and the 
centre of the load, Fig. 4.  

Vertical coefficient (V) - the initial height of the lift (the lower 
part of the rack) is 39cm and the target height of the lift (the 
transport wagon) is 98cm. The vertical position depends on the 
height of grasping the load. 

Distance coefficient (D) - the difference between the starting 
point and the target is 59 cm. The calculation is set by subtracting 
the length of the lift in a vertical direction (V) at the start of the lift 
from the length of the lift at the end of the action. 

Asymmetrical coefficient (A) - is at the beginning by 10 
degrees and at the intended place is zero. This depends on the angle 
of asymmetry when lifting the load. 

Coefficient of coupling (C) - is defined as “good”, describes the 
relationship between the hands and the held load. 

Frequency coefficient (F) - lifting in this way are 2 lifts/minute 
for a period of 1-2 hours per day. This gives the number of lifting 
actions/1 min. 

Load constant (L) - is the weight of the plastic container with 
the metal components; in the given case this is an average loading 
of 6kg and maximally with a number of lifts 12 kg. 

These entered coefficients were assessed using the NIOSH - 
Excel method, see Tab. 3 and 4.   

• H = 40 cm at the start of the action and 28 cm at the intended 
location 

• V = 39 cm at the start and 98 cm at the intended location 
• D = 59 cm 
• A = 10° at the start and 0° at the intended location 
• C = 1 (good – the plastic container has the optimal solution 

for handles) 
• F = 2 lifts/minute 
• L = 6 kg with average loading and 12 kg maximum loading 
• Dur = 2 (activity lasts 1-2 hours daily at time of relaxation) 
 

 
Fig.4: NIOSH Lifting index 
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Table 3: Calculation of loading of the support-motor system of a 
handler using the NIOSH method at the start of the action  

  

Summary at the start of the action – the average weight (6 kg) is 
smaller than RWL (9.3kg) at the beginning of the action, and the 
maximum weight (12 kg) is greater than RWL and the FIRWL 
(11.1 kg). The LI is 0.64 and the FILI (1.08) is moderately over 1.0 
which does not represent the total risk for the health of an employee 
and a small danger when lifting maximum load of 12 kg from the 
start. 

Summary at the end of the action – the average weight (6 kg) is 
smaller than RWL (14.4 kg) at the target place. The maximum 
loading (12 kg) is smaller than RWL and FIRWL (17.1kg). LI is 
0.42 and FILI is 0.70, which testifies to the small risk for the 
employee in the target place. 

Table 4: Calculation of loading of the support-motor system of a 
handler using the NIOSH method in the target position of the action 

 

 

5. Assessment of ergonomic risks with selected 
activities in the TECNOMATIX JACK software by the 
NIOSH method 

5.1 Tecnomatix Jack 

Tecnomatix is a product line of the company Siemens PLM 
Software, which includes several software tools for different areas 
of production that can be mutually connected. The tools in the 
Tecnomatix line enable industrial enterprises to use in practice the 
concept of a digital business, i.e. to plan and project production, 
design, verify and optimize processes and production resources in a 
digital environment, as well as to assess ergonomic risk. 

This software package contains several modules focused on 
specific areas of design. One of them is also the module – Process 
Simulate Human – simulation and analysis of manual production 
operations from the viewpoint of feasibility, ergonomy and the 
loading of workers. 

The measured coefficients were entered into the simulation in 
Tecnomatix, and after assessment by the NIOSH method in the 
module Process Simulate Human in the Tecnomatix software, the 
subsequent ergonomic risk of the selected activities was calculated, 
Fig. 5. The resulting values are in the “green numbers”, which 
means that the given activity is safe for workers in terms of 
ergonomy. 

 
Fig.5: Assessment of simulation in the Tecnomatix software 

6. Comparison between the NIOSH – Excel 
method and NIOSH simulation in Tecnomatix 

On the basis of the depicted values in NIOSH-Excel and the 
simulations in Tecnomatix, it is evident that there is only a small 
difference between them.  

In the NIOSH-Excel table the resultant value of the load index 
is LI= 0.64 and the resultant value of the recommended weight limit 
is RWL= 9.3 kg, Tab. 8. These values are achieved after entering 
the measured coefficients into the table and with subsequent 
automatic calculation by the NIOSH Lifting index program. These 
same values for the coefficients were entered with the simulation in 
Tecnomatix. During the simulation it was possible to add physical 
dimensions, the sizes of the person, such as weight and height, 
which are important aspects with the assessment of ergonomic 
loading, which is also expressed in the result. The resultant value of 
the load index was LI = 0.830 and the resultant value of the 
recommended weight limit was RWL = 7.23kg. 

Since the load index is in both cases under 1 (LI < 1), this 
means that the given work activity indicates marginal risk of 
damage to worker health. But it should not be underestimated, 
because with everyday handling with loads during these work 
activities, sooner or later, damage to worker health could occur. 
Therefore, it is necessary in the future to continuously monitor and 
evaluate whether the worker is experiencing any health 
complications and propose effective measures for limiting such 
injuries. 
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Proposed measures: 
• To use mechanical lifting equipment when working with 

loads, 
• to store heavier materials at such a height in the rack where it 

will be more natural for a worker and where he will not have 
to exert himself, 

• the training of employees for correct handling of loads, 
• an employee should be sufficiently informed so that he takes 

seriously any first symptoms of over-loading and does not 
ignore symptoms of muscle pain, 

• information and instructions should be repeated at regular 
intervals, 

• to perform a check of whether employees are observing the 
prescribed principles and processes. 

People experience many consequences even into old age. It is 
therefore appropriate to also argue that even in youth one needs to 
think about old age. 

7. Conclusion 
An employer which does not exclude manual handling of loads 

is obligated to ensure that this handling is as safe as possible for 
employees, with the least amount of risk to health damage. In the 
interest of removing or reducing the effects of manual handling of 
loads on employee health, the employer is obligated before 
beginning such work: 

a) to assess risk with each type of manual handling of 
loads, 

b) to take relevant measures, 
c) to ensure health oversight by which the health 

capabilities of employees for manual handling loads is 
assessed. 

"This contribution is the result of the project implementation 
"Center for Research of control of technical, environmental a 
human risks for premanent development of productions and 
products in mechanical engineering" (ITMS  26220120060), 
supported by the Research & Development Operational 
Program funded by the ERDF." 
 
“VEGA 1/0150/15 Development of methods of implementation 
and verification of integrated systems for safe machines, 
machine systems and industrial technologies”. 
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1. Introduction 
Under the transformation and liberalization of the railway 

market, the new separated subjects inherently needs to cooperate so 
they are able to proceed as the one entity. Thus formed philosophy 
that can after transforming to reality can bring a new cooperation 
across the railway sector regardless of competetiveness inside 
railway sector between the subjects in railway market. There is no 
more competitiveness as the main priority but cooperation seems to 
bring higher prosperity. 

There are various ways to make the railway sector more 
attractive - economical measures (price and tariff policy, 
minimalization of costs) or traffic-organizational measures 
(optimalization of shifts, turnover of vehicles, harmonization of 
timetables). These measurements should be done under the 
coordination between subjects of railway market – at all between 
infrastructure manager (IM) and railway undertakings (RU).  
Stimulating the development of regional rail transport requires 
impulses mainly from the IM, in particular structural modifications 
of tracks and billing of infrastructure for regional transport. 

2. General Description of Effectiveness Proposals 
According to the categorization we define this measurements: 

• Operational-organizational measures, which mean 
improving of technological and organizational steps, elimination of 
its quantity and reduction of time demand. As an advantage is its 
very short time of realization and very low costs. But there is no 
positive result without the synergy of other implemented measures, 

• Build-constructional measures, which mean the changes in 
technical and constructional layout of stations and track sections 
and its accessories (horizontal and vertical adjustment of a rail, 
construction of underpasses, platforms, new interlocking and 
communication systems and so on. The negative site is high 
costingness and time consuming for realization past  normal traffic 
operation, 

• Inovation measures (of IT systems and interlocking), which 
allow to collect, exchange, classificate and change information 
more effective and easier for more security in traffic operation. The 
measure is high-cost as well, but the investments consumed by its 
realization are continuously returned by saving of operating costs 
[2]. 

Each of the measurement represents an individual group of 
difficulty for investment consuming, realization time and technical 
solution. It is possible to apply them generally to any of railway 
tracks in any combination, but some modifications are still 
necessary. It is based on a need to be set and realized in a right 
sequence, so required effect can be brought. 

Under these measurements it is appropriate to propose a set of 
specific elements of rationalization, which are directly related to the 
regional lines and whose implementation the desired effect is 
achieved. It should be noted that the only right and appropriately 

chosen mix of implemented measurements is the way how it´s 
possible to achieve the best synergy. 

3. The Proposal of a Several Measures 
Rationalization of locomotive recoupling duration: 

This operational measurement does not require any investment 
and it can save train running times easily. It´s mainly about the 
removal of conflicting or simultaneous actions that reduce the 
effectiveness of locomotive recoupling technology. Thus, if the 
locomotive is uncoupled by IM´s employee or by another operator´s 
employee and according to the regulation is the locomotive driver 
obligatory to uncouple the electric cable, there is need to organize 
all this action by operator´s staff. This measurement saves the costs 
to the operator (RU). In some cases could it lead to the longer 
duration of this operations but there is a better organization of this 
operations possible. The next step requires to harmonize an 
activities of IM, who controls the railway traffic in a station. That 
means the most effective use of all persons participated in this 
process to achieve a reduction of stoppage and dwell time. 

 
Fig. 1 Example of a Push-Pull set – ZSSK 381/051/051/951 

It can also be very effective to use in the railway traffic a new 
modern trains, especially progressive sets like multiple units and its 
parallel called “Push-Pull” upgraded from conventional sets which 
consist of passenger coaches, locomotive and special ending coach 
that is able to control locomotive on the other side of own set. It 
means, there is no more need to change locomotive position from 
the beginning of train to the end and back during the train turnover. 

Rationalization of a timetable construction: 

This measurement tells about analyzing of a points of railway 
infrastructure (usually stations) in which is possible to optimize the 
crossing of trains and reevaluate the stopping and dwell time of 
regional trains. There are the problematic stations equipped by old 
interlockings. In case study there was supposed cancelling of 
stoppage of the regional trains at stops, that are several hundred 
meters away from populated areas and it is more effective to carry 
passengers by bus.  

27



Light modernization of track sections - exploring the current 
potential: 

The solution of this measure lies in finding out the upper track 
speed limit according to the constructed parameters (the horizontal 
direction of the track and other limiting factors) and to the cost 
effectiveness. In the case study was supposed the adaptation the 
track slope and superelevation. The deficiency of track cant doesn´t 
allow the possible speed. If the curve radius and the horizontal and 
vertical transition of track is convenient, so that is need to increase 
speed limit by an adaptation of the gravel ballast and adjustment of 
signalling equipment and other components of interlocking devices. 

The problem in the study line Nitra – Leopoldov is particularly 
the stations that have unsecured switches and low secured 
interlocking and in which is the top speed limit only to 40 km.h-1, 
but both of adjacent track sections have generally the maximum 
speed limit (mostly 100 km.h-1), so these stations create a 
bottlenecks in reaching constant track speed. The measure requires 
to spend some investments for implementation a new modern 
interlocking, that means to implement switch-lock systems for 
higher speed and replace an old mechanical signaling system 
(semaphores) by a new illuminating signals, that are depended on 
switch position and other signals (routing) and are also able to 
signal the speed limit in a switches district and so on. There are 
several ways how this measure can be realized. But an 
implementation of the newest interlocking systems seems to be the 
most effective way by considering the future. 

Partial increase of track speed limit 

This measure begins with a set of construction modifications of 
a wider scale, especially in terms of horizontal direction of the 
track. These measures imply the need for spending large amounts of 
investments, they are more demanding on time and they also largely 
affect the current traffic operation. Implementation is proceeded by 
an exhaustive analysis of track body, its estate and direction or an 
altitude conditions. It is possible to allocate the track sections that 
can be subjected to this rationalization measure right by this 
analysis [4].  

 
Fig. 2 Partial increase of track speed – minimal shift 

By implementing this measure are modified curves, which 
radius is convenient for the increased track speed, but there are 
inconvenient horizontal and vertical transitions that are rated at the 
current speed limits. Therefore, adapting them to the higher speed 
comes with a shift of curve position by modification of 
superelevation runoff and its direction (especially circular section, 
because of a tangent runout between non-superelevated straight 
direction and fully superelevated curve) towards the circular center 
by a few tens of centimeters, which is depending on the input 
parameters of the curve (see Fig. 2). This shift should not represent 
an interference into the railway, but it´s only modification of the 
upper railway body (gravel ballast) under the shift of the rail in a 
curve or just a reinforcement of railway bottom, which will not 
involve a laying of the railway superstructure (grid track and 
ballast). 

 

Complete increase of track speed 

This reconstruction measure solves the problem of insufficient 
track speed profile by complete reconstruction of a basic track body 
(extent of construction work and economic effects allowance). 
There is need to reflect general effect. In the case study was 
suggested the speed profile RP3 (speed zone) with its maximum 
upper limit of 120 km.h-1.  The time savage for speed profile of  
140 km.h-1 (RP4) is just 2 minutes on 36 km track length.  

It is necessary to realize this complete increasing of track speed 
and to carry out many of the procedures and interferences in the 
railway infrastructure, which require extensive pre-project and 
project preparation, respectively its documentation and of course 
the huge investment costs, which are often increased by the cost of 
preparation, removal, elimination of secondary effects during the 
implementation of measure or the actual costs incurred by the 
limited conditions for the implementation of reconstruction during 
daily transport traffic [3]. 

 
Fig. 3 Complete increase of track speed – new direction   

Establishing of a new stops 

To increase the efficiency of railway transport as well as 
competitiveness with other transport modes in passenger transport it 
is needed to revalue the number and situating of the railway points 
(train stops). This problem should be solved by building of a new 
railway transport points, so to shorten the walking distance up to 
1 km. There is need the cooperation with the municipalities. [1] 

The new vehicles can reduce the running time despite more 
stops due its better traction characteristics. In case study is supposed 
a new train stop in Leopoldov (Leopoldov mesto z.) closer to the 
build-up area between own station (railway station Leopoldov) and 
the train stop at the edge of populated area (Leopoldov zastávka z.) 
(see Fig. 4). 

 
Fig. 4 New stops for better railway range 

 

 

 

 

28



Modernization of railway stations 

By implementation of this proposal should be all stations 
equipped with „island“ platforms (center platforms) and 
underpasses (see Fig. 5 and 6 – plan for station Nitra).  

The second effect should be as an increasing of speed limit in 
the station. Reconstruction of a station gridiron (development or 
district of switches) requires investments due to increasing track 
speed. However, the result will be sharp by powerful station of 
transport parameters which will be much more safety and effective. 
Implementation of such measures has a complex character and must 
involve the other related rationalization measures (comprehensive 
pre-installation of central remote traffic controlling system and so 
on), which usually also requires similar interferences into the 
railway infrastructure [5]. 

 
Fig. 5 Visualization of the new station platforms 

It is a very important to make a railway transport quick, safety 
and reliable. To make an underpasses and center platforms is one of 
the best way how to bring these features in a passenger transport 
into reality (see Fig. 6). 

 
Fig. 6 Visualization of the new station underpass 

Implementation of remote control center of a line traffic 
operation 

One of the final extensions in the realization sequence of 
rationalization measures and also the possibility of its separate 
implementation is the remote controlled track operation from one 
control center. This will reduce the number of traffic control 
personnel (IM) and it is more effective by increasing the capacity of 
track line even if the controlling is more powerful by using the 
common wall-based panoramatic display.  

Electrification of track sections 

This measure is the latest one in a series of implementation 
proposals. However, this doesn´t exclude the need for electrification 
of railway tracks, it only moves this need in a chart of urgency to a 
lower position. Along with the implementation of this measure and 
its preparing, it´s really necessary to have regard for the possibility 
of double-tracking the line in the future (location of gantries and 
pylons for overhead wires), because of the frivolous electrification 

can bring additional unnecessary costs in the future at an already 
expensive measure. 

4. Conclusion 
The investment consumption for the infrastructure, like 

modernization, optimization, and innovation and so on is certainly 
an important issue for any of the railway infrastructure managers. 
The implementation of capital-intensive projects are concentrated in 
the priority projects for modernization of main railway corridors. 
However, the possibility of the hidden potential in similar projects 
of modernization and rationalization of regional lines are often not 
in focus. The whole set of rationalization measures in their logical 
relation and correct order will bring positive effect to all directly 
affected subjects. Under an exactly defined conditions it is possible 
to achieve these basic results: 

• increase of upper track speed limit, 

• increase of technical speed of trains, 

• reduce of train running time, 

• reduce of traffic time intervals, 

• increase of railway infrastructure capacity, 

• saving of salary costs a month is expected. 

By these positive acting effects the rationalization of a railway 
transport operation and development of railway transport is the 
wide of attractiveness for the public transport, but in the end thanks 
to the more flexible freight operators and the attractiveness for 
shippers as well, it´s shown that one of the very clear way of 
adapting to rapidly evolving standards in railway transport is also 
the possibility of application of such measures like these. 
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Abstract: A waterway is not consists of sections have constant loading gauges and - because of this - constant throughput capacity. The 
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1. Introduction 
Founding the unified waterway network is based on the voyage 

regulation of the AGN. The measure number of the track's 
utilization is the tonnage of the ships can be used on each line. The 
limits of these are formed by Table 1 in the case of each category.  

Table 1: Cargo capacity on the waterways [1] 

Waterway Deadweight [ t ] 

class (AGN) Motor cargo 
vessels 

Pushed convoys 

IV  1 000 – 1 500 1 250 – 1 450 
Va 1 500 – 3 000 1 600 – 3 000 
Vb 1 500 – 3 000 3 200 – 6 000 
VIa 1 500 – 3 000 3 200 – 6 000 
VIb 1 500 – 3 000 6 400 – 12 000 
VIc 1 500 – 3 000 9 600 – 18 000 
VII 1 500 – 3 000 14 500 – 27 000 

 
The greatest challenge of river transport planning is the 

knowledge of the constantly changing throughput capacity of 
voyage. The efficient utilization of water voyage requires the 
transport calculation with high reliability. [2] 

The permeability of water ways basically influenced by 

- the track with its own parameters and 
- the composition of the used vehicles  
 
Rivers as natural water flows can be characterized by many outer 
parameters like: 

- climatic and metrological parameters 
- configuration of the ground and terrain 
- utilization forms, the effects of human interference. 

The other main parameters of capacity can be changing by the 
attributes of the fleet 
- designation (human transport or weight transport, motorized or 
without motors etc.)  
- the order of the emerging requirements (sizes, operate frequency) 
- the requirements come from the territory (stability, safety tools). 

Based on above, to qualify the waterways we have to examine the 
attributes of the area can be used for shipping. The parameters of 
the fairway classically used to classify to five groups [3]: 

1. Hydrological parameters (attributes come from the water 
frequency): 

- water output (the yearly, average and medium carried off water 
quantity) 
 - water level (the height of water at a certain point) 
- and the regularity of the facts above and the frequency and 
duration reports 

2. Geometrical parameters (the track sizes of the actual hydrological 
terms in the given river bed):  

- the depth of the fairway (with shallows data) 
- the width (and the shore distance of the fairway) 

- free depth of section 
- attributes of bend (ray, central angle) 

3. Hydraulics parameters (the dynamic attributes of the carried off 
water quantity): 

- water speed values (valued in space and time) 
- special flows (occurrences deviate from the laminar direction) 
- surface curves (in different water levels) 

4. Meteorological parameters (weather elements which can 
influence shipping) 

- wind (with waves) 
- fog and other forms of wet 
- Permanently high or low temperature (mostly icing) 

5. Traffic parameters (features originating from the traffic of 
vehicles): 

- navigation technology that is applicable on the territory (self-
propellered vessels, pushed and towed convoys) 

- the dimensions of the convoy that can be created on the area 

- the speed that is necessary for the safe travel of great loadable 
vehicles, and the performance of main engine that is necessary to do 
this. 

- the lowest admissible distance between vehicles, and its factors 
that influence it 

(The last three parameters are assessed separately according to 
upstream or downstream, and different water levels) 

As we have already estimated, a determination factor for the 
throughput of the rivers – the application of vehicles – can be 
originated from traffic features. 

The other main component – the track – is shaped according to the 
four listed parameters. Hereafter, we will analyse the latter 
condition system, traffic factors will be the topic of another study. 

2. Spatial availability 
In the following, we will examine the waterway, as the components 
of a complex system, and the affect they have on each other, and in 
what kind of way do they influence the throughput capacity. 

When planning artificial waterways and canals we can determine 
the necessary minimal water level, the depth and width of the 
riverbed for the expected load under a standardised waterway class.  

In the case of natural water flows, the minimal navigable water 
level (HNmin) can be determined in an indirect way. This is the 
standard water level with which the navigation is 100% ensured in 
measure of the recommendations that belong to the classification. 

The bed of a natural river shapes itself according to geological and 
morphological conditions, so it changes from section to section, and 
the water level that is needed for the insurance of travelling changes 
as well. 
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In a chosen cross-section of a waterway, the HNmin can be 
graphically determined in the following way: 

- through standards we can determine the value of the width of the 
fairway (BCmin)  belonging to the classification 

- in the actual segment we look for the lowest level into which the 
necessary width can be still inserted. (This determines the margins 
of the fairway that belong to HNmin as well). 

- to the determined level we add the expected value of the draught 
(tCmin) with needed underkeel clearance (CU). 

The water level in the cross-section, that ensures the passing of the 
load according to the class of waterway, is at our service. 

The navigable range of fairway is enclosed by the maximal water 
level (HNmax) that still ensures boating. The two steps for 
determination are: 

- the estimation of the lowest level of the bridge (LBlow) in the cross-
section that has an upper waist 

- from this we deduct the recommended height of passage (fCmin)  
with needed safety clearance  (CB) of the waterway class. 

So with this we have the water level in the cross-section, that 
constantly ensures to pass vehicle and cargo heights according to 
the class of the waterway 

The navigable range and the voyage restrictor of a cross-section are 
shown in the first chart. 

 
Fig. 1 Fairway parameters 

Of course we need to know the limitations mentioned above for 
further sections. If a continuous (isobar-lined) river survey is 
available, we can expand the previous methods in space. Nowadays 
this can be done easier and faster by computing systems. As a result 
we get the spatial diagnostics of the analysed section of the river, 
which makes it possible to track both the vertical and horizontal 
changes; therefore we get the sinuosity specifics of the assumed 
width.  

 

Choosing authentic sections for a possible gauge on the 
examined section is not possible directly by comparing the minimal 
water-level, because the river has a natural flow. Because of the 
above mentioned morphological specifics, different water output is 
necessary for the minimal water level (HNmin) on every section. By 

this to specify the restrictive river section we have to choose from 
the water outputs of the examined river sections which ensure 
minimal water levels. This gives us the minimal water output to 
make navigation possible (QNmin). At a lower level on the river 
section, traffic is possible only by gauge-restriction.  

In general the suitable fairway depth is depend on the width and 
the actual water output, therefore: 

hi = f (BC; Qi) 

The minimal navigable water output (by the shown method) 
consists the morphological specifics of the examined river section 
(shape of the section, flaw of the water surface, material of the river 
bed, geometrical measures).  

We have to choose the restrictive water output (QNmax) belonging 
the navigable maximal water levels. This means the geometrical 
parameters of the river section's infrastructures. At a higher level, 
riverage on the section is possible only by draught-restrictions.  

By this method we get the water output range (QNmin - QNmax), 
which makes a continuous (100%) navigation possible on the 
section's waterway-classification. 

 In an actual application we show the draught-restricting water 
levels on the actual river section on the following diagram. On 
figure No.2. you can read the lowest water level for riverage on the 
different river sections and the necessary water output for them. 

 
Fig. 2  The navigation-proof water levels and water discharge on the 

examined river section  

The highest value of the minimal water outputs will affect 
the river capacity. At this chosen cross-section we can specify the 
water output for different - declined - draught by the method above. 
By preparing to restrictions it is possible to specify practically one- 
and two-way traffic, so full and half-width of the fairway. Its 
correspondences are on the figure No.3.  

 

3. Time availability 
By comparing the minimal shipping water level with the actual 
water level we can calculate the degree of obstruction during 
shipping in individual sections.  The exploration of the laws of 
changes on water levels can give us the probability of obstructions 
in shipping over time. As a result of climatic effects the water level 
is periodically changing.   
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RNsi 

   CU  

HNmax 

CB 
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Fig. 3  Connection between the draught and the water output on 
the actual river section 

We can only measure it reliably by analysing daily water level 
data over a long period (50 years) of time. The standard form of the 
function [4]: 
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The distribution of water output values over time is also 
determinable by the parameters of the also periodic distribution 
function [4]: 
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If we use this correlation with the minimal shipping water output, 
we get the probability of the value being on, or over the margin of 
shipping water output over time in a given section. We get a full 
picture, if we also use the correlation for the water level data under 
reduced draught and half-width. The results are like the curves 
illustrated on diagram 4. 

 

 
 
Fig. 4  The probability of draught constricting water level in a given 

section 

With the time duration of shipping water outputs (TN) the shipping 
season can be reduced by:  

- a random event (blocking of shipping lanes because of an havaria, 
or another event) 
- events that are occurring in a particular regularity (in the 
temperate zone it is mostly ice formation) 

The first event is statistically insignificant, but with the second one 
it is mathematically calculable. To determine the laws of ice 
formation we should look at the following perceptual data: 

- the starting of ice formation 
- the time of the stabilization of the river 
- the time duration of the ice covering 
- the starting again of the flow 
- the melting of the ice 

These are used as probability variables, but because of the fact that 
these will give us too much variations, the duration of the ice 
covering (Ti) could be take into account with  more probability (0, 5 
and 50%). Knowing this – as a shipping necessity – we can 
calculate the usable duration of the shipping season (Teff): 

In one year the number of days that are not appropriate for shipping 
(Tn) can be calculated from the sum of the times of obstructions: 

∑∑
==

+=
365

1t
max

365

1t
minn )t(T)t(TT  

(3) 

Or otherwise in rate: 

∑∑ +=
n

0

n

0

t

t
max

t

t
minn )t(T)t(TT         [%] 

(4) 

Where: 

Tn: the duration of obstruction 
Tmin: days falling out because of a water output under QNmin 
Tmax: days falling out because of a water output over QNmax  

 
The time duration of shipping water outputs (TN) in the shipping 
season [5]: 

n365N TTT −=  
(5) 

4. Qualifier factor 
 Multiple parameters of the fairway can be a characteristic of a 
given section of the river, and it will affect its quality. 

The above shown water level calculation gives us an opportunity to 
complexly analyse the navigability of a waterway. 

Next to the minimal shipping water output that has morphological 
parameters, with the processing of the laws of changes on water 
levels we can calculate the smallest occurrent water output (Q0) in a 
given section. The relationship of these is representative to the 
secureness (Ss) of shipping of the section: 

minN

0
s Q

QS =  

(6) 

From the proportions we can set up the quality classifications 
suggested under figure 5.  
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Fig.5  Waterway quality categories based on water output relations 

Conclusion 
The parameters of waterway that are varying in space and time 
along the river creates a complex measuring system. 

With their analyses we can draw conclusions about the necessary 
traffic management, the possible vehicle constructions, and what 
waterway improvement is possible. 

For these high cost procedures a high reliability waterway rating 
method is necessary. 

By looking at the method for obstructing water outputs we can give 
the river sections a complex classification.     

For the comprehensive expression of the rivers shipping capability 
at the same time we need to consider the traffic patterns, which we 
will do in the continuation of this study. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References 

 

[1] Manual on Danube Navigation: www.via-donau.org, 2016-
04-25. 

[2] Horváth, G.: River transport planningin service of the 
efficiency, SoNorA University Think Tank Conference, 
Ceske Budejovice, 2010 

[3] Hauzel, I., Horváth, G.,et al. Közlekedéstechnika I., Novadat, 
Győr, 2003 

[4] Mantuano, J.: Víziutak átbocsátóképessége, Víziközlekedés 
1982 

[5] Horváth, G.: Planning and timing in inland navigation, Acta 
Technica Jaurinensis, 2011.Vol.4. 209-220. 

 

  Q1 

good navig. 

Q0 

navig. 

restr. navig. 

non navig. 

exc. navig. 

33



FIGHT AGAINST POLLUTION IN CAR INDUSTRY – WORLD TRENDS 
 

Prof dr Nataša Tomić-Petrović, University of Belgrade, Serbia 
e-mail: natasa@sf.bg.ac.rs 

 
Abstract:  The expansion of our needs in the space and many changes around us requires a change in attitude towards the 

environment. Research suggests that by 2030 in the world there will be 8.5 billion people. Planet is warming up and there is an increasing 
frequency of natural disasters: heat waves, floods, hurricanes. The public is aware that air pollution kills 3,3 million people per year. It is 
necessary to react quickly. In Paris at the end of 2015 the 21-st Conference of the UN on climate changes (COP 21) was held. 

Serbian association of importers reported that in recent years in our country about 20.000 new cars and about 100.000 used cars 
was imported. In Serbia there is no laboratory that could to accurately test the amount of exhaust gas according to European standards in 
effect. In our country still is in force the Regulation on technical inspection from 1984, so the allowed values of exhaust gases are completely 
downgraded. Today, in our capital city Belgrade we have been working on the improvement the identity of capital, as well as mobility and 
ecology. In 1892. in Belgrade the first Belgrade’s tram - by a horse-drawn started, but during 2016, passengers will be transported by 5 
electric buses of the Chinese company “Hager” with 10 years guarantee. 

Hoping to realize the idea of manufacturers from all around the world, especially that pollution is reduced, and the environment in 
which we live protected, this work originates. 
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INTRODUCTION  

The expansion of our needs in the space and many changes 
around us requires a change in attitude towards the 
environment.  Research suggests that by 2030 in the world there 
will be 8.5 billion people. Planet is warming up and there is an 
increasing frequency of natural disasters: heat waves, floods, 
hurricanes. The World Health Organization reported that in 2012, 
about 12.6 million people have died due to living in an unhealthy 
environment. Unintentional injuries such as traffic accidents are 
also included in the violations related to the environment and in 
2012 of them 1.7 million people were killed, since accidents are 
often caused by the poor condition of roads.  

The public is aware that air pollution1 kills 3,3 million 
people per year. It is necessary to react quickly. In Paris at the end 
of 2015 the 21-st Conference of the UN on climate changes (COP 
21) was held in which the participants with the collective effort 
achieved an international agreement that would allow the limit of 
global warming to less than 2°C. In New York on the 22-nd of April 
2016. the ceremony of signing "the Paris Agreement on Climate 
Change" took place and the President of the Republic of Serbia 
participated on that ceremony. 

 
NEW TRENDS AND WORLD EXPERIENCE IN 
CARS FOR THE FUTURE 

In France management of "Peugeot Citroen group" believes 
that during 2016. the first hybrid vehicle using air for propulsion 
will be launched at the market. Experts employed in this company 
believe that this system will reduce fuel consumption for 45% and 
due to the fact that the cars are most of the time ran by air, fuel 
consumption in inhabited areas would be reduced to 80%. The 
compressed air would be used primarily in cities and urban areas, 
and it would be set automatically when the speed of cars falls below 
70 kilometers per hour.  

However, it is necessary to remind that still in 1939. when 
at the market appeared the first “Volkswagen’s bug“ which is 
today the best-selling model, although the British Association of 
consumers predicted that this car is going to be sought for only 2-3 
years. During 2016. the "Volkswagen" company invited their 
customers and gave them artistic freedom to present it in their ideas 
how the car of the future should look. And certainly, among ideas 
there was also one flying car. This is a concept called "Hover Car" 
or hovering car, the result of the project "the people's car", launched 
in China in 2015.  

1 In the world these ten cities have the worst air pollution in the 
world: most of them are in India (Lucknow city, Ahmedabad, 
Raipur, Gwalion, Patna and Delhi too, then Khorramabad, city in 
Iran is an agricultural hub, Rawalpiudi, Karachi and Peshawar / 
with brick-making industry in the city/ in Pakistan.  

Today we have for the first time in the history of aviation an 
aircraft2 flying without fuel both day and night, showing the 
potential of clean technology that can be used to reduce the 
dependence of the world from fossil fuels, affecting the preservation 
of the environment and helping in solving many problems of 
pollution, which at the end of 2015 in Chinese cities has reached 
alarming levels.3 Cars of the future are in development, so it stands 
out revolutionary flying car called "TF-X". The designers believe 
that it takes another ten years of work on this model to the company 
"Terrafugia" to realize their idea and that the car "TF-X" will be 
able to fly 805 miles without stopping. It is interesting to mention 
the work of Korean experts, the car "Armadillo-T" which is 
reducing. It was made by the Spanish Hiriko concept.4  

And today we are looking forward to the fact that 
“Mercedes-Benz C 350E” is embracing hybrids, proclaiming that it 
will have 10 new plug-ius in 2017. "Opel" will next year launch a 
revolutionary new electric car using batteries and this German 
brand will continue the greatest and the most far-reaching market 
offensive in its history with 29 new models between 2016 and 2020.  

The US administration of traffic safety may soon recognize 
as a driver the technical device or a computer that controls the 
vehicle, what would pave the way for the introduction into service 
of vehicles with autopilot on the driver's seat. Self-driving cars 
bring as first association the terms safer driving, new mobility 
services. That represents the self-driving revolution. 

Recently in Italy, in Milan at the “Week of design“ 
designers from Japan represented „Toyota-s“ model called 
“Setsuna“5, a car that is almost entirely made of wood and cannot 
go faster than 90 kilometers per hour. This car model was created 
thanks to the traditional Japanese techniques, whose performance is 
not yet fully discovered.  

Ten the most important new cars of 2016 (The team of auto 
experts has reviewed the full list of debuts and decided that these 
are the 10 most important new vehicles of 2016) are: - “Chevrolet”; 
- “Chevrolet Camaro”; - “Acura NSX”; - “Cadillac CT 6”, now a 
purveyor of SUVs; - “Fiat 500 X”, that has potential to double the 

2 The experimental aircraft "Solar Impulse 2" flies without fuel 
(there are more than 17,000 solar cells whose energy enables 
propellers to work also during the night)  

3 Otherwise, from our inaugural flight in 1927. Air Serbia has been 
a leader in air travel. Since 1961. Air Serbia has been a member 
of the International Air Transport Association (IATA). And now 
with our new name and new identity, we are redefining the 
concept of comfort in the air across our growing network.  

4 This micro car will develop a speed of 60 km/h and it will possess 
the ability to reduce the length of 2.79 meters to 1.65 meters 
electrically using an application for smartphones. 

5 In Japanese that means “moment“. 
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company’s sales in America; - “Jaguar XE”; - “Lincoln continental 
concept”; - “Mazda MX-5 Miata” that represents the essence and 
spirit of Mazda; - “Tesla Model S” /seating for 7 people/; - “Toyota 
Mirai”. 

And in March 2016 in Geneva, 86-th saloon of cars with 
many premieres of new models announced by the world's largest 
producers was held. Increased are hybrid vehicles, where leads 
"Toyota" and they moved away far. The vehicle using hydrogen - 
"Mirai" (“future”), as well as the new "Julia" from the "Alfa 
Romeo", electric "Renault Zoe" and other models were presented. 
In the meantime, Switzerland has temporarily halted the import of 
"Volkswagen's” vehicles with diesel engines.  

And only four days after the spring auto-saloon in Geneva, 
in our capital town Belgrade began the 5th Car Show "BG car 
show" and X International Fair of motorcycles.6 At the auto saloon 
in Belgrade vehicle "Toyota Mirai" was declared for the "eco-
car" for 2016. This was decided by the jury composed of 73 
journalists from 23 countries of the world on the International 
Automotive Industry Exhibition in New York.  

However, it should be indicated that the Japanese 
manufacturer announced the withdrawal of 2.87 million cars 
worldwide due to problems with the seat belt in the event of a 
collision. The recall applies7 to “Tojota” sport model “RAV 4” 
/produced for the period from July 2005 till the August 2014/, as 
well as to another model produced for the period from October 
2005 till the January 2016.  

In September 2015. the public learnt about intention to fix 
the score of  facts – information on emission of harmful gases 
produced by “Volkswagen’s“ cars. The fraud was discovered in 
America8, where otherwise more effective control in relation with 
production of harmful gasses is performed. United States 
Environmental Protection Agency (non-governmental organization 
International council for ecological transport9) discovered that 
“Volkswagen“ had built in an instrument for fixing the score of 
tests of exhaust fumes emissions. This was the biggest scandal in 
the newer history of German and the world’s car industry. This was 
an attack on the German economy as a whole, and in the company 
headquarters in Wolfsburg German state commission of inquiry has 
searched for appropriate documentation. On that occasion, the 
French Minister of Energy stated that "selling cars with fake 
environmental indicators is unacceptable and the victims are the 
workers whose job is now endangered, as well as deceived 
consumers and countries which provide subsidies for the purchase 
of environmentally clean vehicles". Volkswagen's fiasco with fixing 
the score of tests of exhaust gases destroyed the reputation of 
Germany. Meanwhile, the "BMW" was accused for fixing eco-tests. 
The discovery of American non-governmental organization 
International Council for environmentally friendly transport that are 
jeeps of "BMW" type X-3 when tested showed 11 times lower 
scores for gas emissions than those in regular traffic in USA. 
Unfortunately, engineers of "Mitsubishi"10  have cheated by fuel 

6 From 17-th till 23-rd of March more than 300 exhibitors from 20 
countries gathered. 
7 1,3 million automobiles is covered in North America,  625.000 in 

Europe, 434.000 in China, 177.000 in Japan and 307.000 in other 
regions of the world  (by France press). 

8 In vehicles /diesel cars/ dedicated for American market the 
software cheaters were built in. Unfortunately, software cheaters 
were also built in the vehicles of class 1.6 and 2.0, which are sold 
in Europe. It is not precisely specified of which models of their 
respective diesel vehicles is spoken about. It is alleged that 11 
million of these vehicles with a cheater, poisoned the air of the 
planet with about 948,691 tons of poison gas / nitro poison /. 
The public found out that in Germany 2.8 million cars in which 
the cheater was built in were sold. Scam also relates to trucks 
from this auto company.  

9 It was confirmed that the CO2 emission measured during tests in 
normal European traffic is 40 times greater than what the vehicles 
showed during laboratory testing.  

10 The sixth Japanese car manufacturer.  

consumption data in around 625,000 vehicles sold in Japan, with 
intention to show them more economical. These data were revealed 
by competition.  

At the same time, the best cars of the last 2015. were cited 
on the following list: Aston Martin DBX, Audi prologue concept 
and Audi prologue avant concept, Bentley exp 10 speed 6 concept 
and Bentley grand convertible, Buick avenir concept /French for 
„future“/, Chevrolet chaparral 2X vision GT and  Chevrolet bolt and 
FNR concept aside from the Tesla model S most mainstream 
electric cars on the market. Then, Honda civic concept and Honda 
concept D, Hyundai Santa Cruz concept, Infiniti Q 60 concept, 
Nissan’s premium brand and Infiniti QX 30 concept and Nissan 
sway concept too. Also Kia sport-space concept, Lincoln 
continental concept, Maserati Alfieri concept, Mitsubishi concept 
XR-Phev and Toyota FT-1 concept, the Swedish Volvo lounge 
console concept, Volkswagen C coupe GTE with advanced plug-in 
hybrid system and Volkswagen sport coupe concept GTE. 

It is also interesting to mention the findings from 2015 
Tokyo Motor Show and the best concept cars as: - Mazda RX–
vision; - Nissan IDS concept that allows the driver to choose 
between manual or automated driving or possibility of taking over 
driving the vehicle completely allowing driver to relax. Then - 
Nissan Teatro for Days that serve for daily transportation needs 
and - Nissan Concept 2020 vision gran turismo; - Nissan Gripz 
is powered by the Pure Drive e-Power series hybrid system based 
on EV technology /uses electric motor/; - Nissan cars really have 
innovation and represent world leader of the vehicles 100% electric 
(- Nissan Leaf, la familiale 100% électrique); - Toyota Kikai’s 
with 3 person cabin and - Daihatsu D-base, a version of a future 
environmentally-friendly car. 

I especially liked “Renault Twigo“ from the limited series 
Cosmic. But we have to mention too that these are the most popular 
European cars in the United States of America: Volkswagen Jetta 
produced in 1979, BMW 3-Series produced in six different 
generations, Mercedes – Benz C- class introduced in 1993, Volvo 
S 80 that came out in 1998, Mini Cooper, Audi11 A 4 sporty, 
stylish and reliable, BMW 5-Series manufactured since 1972,  
Volkswagen Golf12 is the Volkswagen’s best-selling model, 
Volkswagen Passat CC, Volkswagen Beetle; although they 
stopped making the original  Beetle in 2003, Volkswagen came out 
a new version in 1998.  

Meanwhile American car company "Tesla Motors" reports 
that the number of orders for new, affordable electric car "model 
3"13 significantly increased and there is the possibility of opening 
another plant.  

 
SERBIAN CASE 

Serbian association of importers reported that in recent 
years in our country about 20 000 new cars and about 100,000 used 
cars were imported. In Serbia there is no laboratory that could 
accurately test the amount of exhaust gas according to European 
standards in effect. In our country still is in force the Regulation on 
technical inspection from 198414, so the allowed values of exhaust 
gases are completely downgraded. 15 Otherwise, the first time after 
2008. in Serbia, there was an increase in car sales, compared to 
2014. Also, for the first time after more than half a century, on the 
Serbian market appeared "Mustang" in two versions, classical and 
as a convertible.  

In Serbia, in Kragujevac "Fiat", after a pause, during 
November 2015, is working again in three shifts, and during each 
shift employees produce 210-220 large "Fića" or " Fiat 500L". In 

11 “Audi“ is part of the Volkswagen group. 
12 “Volkswagen Golf” has won many awards throughout its history, 

one of which was the World Car of the Year 2009. 
13 This car has a panoramic glass roof and is equipped with the 

autopilot and numerous safety systems, and can travel 350 km 
before the batteries run down.  

14 “Official Gazette of Federal Republic of Serbia”, no. 23/84. 
15 And "Jugo" is technically within the allowed limits, although it 
has no catalysts and similar devices.  
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three shifts approximately 650 of these cars is produced. Production 
of these cars today is done on the basis of demand, which is weak, 
particularly in the North American market, but the export of these 
cars on the Russian market has been announced. After more than 
1.5 million copies produced "Fiat" has introduced a redesigned "Fiat 
500". Back in 1957 public first saw the original "Fiat 500", and 50 
years later the Italian company introduced a modern version of city 
vehicle with retro design that experienced a great success. It is 
interesting that in the northern city of Serbia, in Subotica, a 
landowner, cyclist Lajos Vermes (1860-1945) for the purposes of 
Palić Olympiad built the first bicycle path in this part of Europe, in 
elliptical form 500 meters long.  

Today, in our capital city Belgrade we have been working 
on the improvement the identity of capital, as well as mobility and 
ecology. In 1892. in Belgrade the first Belgrade’s tram - by a horse-
drawn started, but during 2016, passengers will be transported by 5 
electric buses of the Chinese company “Hager” with 10 years 
guarantee. It is predicted that by 2018. in the capital of Serbia16 the 
town center will gradually transform into a pedestrian zone. The 
plan to build the Tesla Tower, as a new symbol of Belgrade, was 
emphasized by the President of the Serbian Academy of innovation 
Sciences.  

In recently conducted free review carried out on 5000 cars, 
it was found that 39% have a malfunction. These are the results of 
the action "Vehicle in order - safe vehicle" organized by the 
Automobile Association of Serbia with the Administration of 
Traffic Police of the Ministry of Internal Affairs and the 
Association for technical inspections. 

The immediate cause of the accident may not be just a 
malfunction of the vehicle, but also a bad road and weather 
conditions. When a traffic accident occurs, representatives of the 
judiciary often call the astronomers, searching for information on 
the exact time of sunset, in order to determine the conditions of 
visibility on the ground.  

In our country since the beginning of the year 2015 until the 
beginning of August 2015, 4 people were killed and 94 were harder 
or easier injured in 91 traffic accidents, in which the immediate 
cause was a technical defect of the vehicle, according to the data 
from the Serbian Ministry of Internal Affairs. Unfortunately, in the 
accidents in the New Year, on the Serbian roads in the first three 
weeks of 2016, 16 people were killed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16 We have regular city tours through our capital organized by the 
Tourist Information Centre of Belgrade and a streetcar named 
“Belgrade” runs every Friday and Saturday. 

CONCLUSION 
Actual state of pollution represents the real danger for the 

man and ecosystem. Understanding the necessity of environmental 
protection, hoping to realize the idea of manufacturers from all 
around the world, especially that pollution is reduced, and the 
environment in which we live protected, this work originates. 

Each society fights against the possibility that modern 
technologies cause catastrophic consequences for people by making 
and application of legal regulation, equipment and organization of 
the protection management. For enforcement of regulation of 
environmental protection, there are extremely important and already 
known principles: integration, prevention and precaution, natural 
values preservation, sustainable development, application of 
motivation measures. Due to a number of global environmental 
problems principle of protection, the preventive action principle and 
precautionary principle in the environmental law must be respected. 

With hope to introduce soon new car models that pollute 
less environment on our roads, in order to preserve our environment 
and have less accidents, cooperation of all decision making factors 
at national and international level, especially in exchange of 
experiences, will be very valuable.  
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Abstract: The paper is focused on a benefit of urban traction units with tilting system particularly in regional transport, on reducing 
travel times and on increasing the competitiveness of railway transport. The paper describes the importance of its utilization in such traffic 
especially if the infrastructure is unable to provide options of higher efficiency for railway undertakings. In this cases are the investments for 
line optimization not available, so railway undertakings cannot be more efficient by usage of classical vehicles. There is space for research 
of the possibilities of increasing the quality of transportation process despite the state of the infrastructure. 
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1. Introduction 
The main barrier for a high competitiveness of railway 

passenger transportation is a travel time of passenger from boarding 
station to the destination station. This is not due to carrier´s ability 
to provide fast, comfortable and safe transportation only, but also 
due to infrastructure conditions in which a railway passenger carrier 
operates. One of these conditions is the maximum track speed, 
which cannot be increased by its reconstruction in many cases, due 
to the current lack of economic profitability or natural conditions 
under which the line is built. 

Therefore the deployment of modern rolling stock of 
conventional construction to the operation may not bring a 
sufficient and desired effect, which ultimately cannot contribute to 
the achievement of targeted competitiveness. As the one option for 
reducing travel times on the line section is an entry of tilting units 
into service in this case which thanks to its tilting device can drive 
the curves at higher speed and thus reduce travel times, but on the 
other hand the comfort can be increased when traveling. 

2. General principles of the line selection 
For the best use of tilting units in passenger transport the current 

lines should be selected in addition to modernized main corridors, 
which are held in harsh natural conditions and the direction is 
characterized by many curves. That is why it is possible to increase 
technical speed of passenger trains in such conditions easy and this 
step leads to increase of its efficiency and attractiveness. 

Railway lines are generally divided into five speed zones (Table 
1) expressing the upper track speed limit and its related demands on 
infrastructure maintenance. As the tilting system can be used only 
for velocity over 70 km.h-1 (included) for vehicles of classical 
construction there is no need to consider further the lines included 
in the first speed zone SZ1. 

Table 1:  The speed zones distribution 
Zone Speed 
SZ1 up to 60 km.h-1 

SZ2 from 60 km.h-1 to 90 km.h-1 
SZ3 from 90 km.h-1 to 120 km.h-1 
SZ4 from 120 km.h-1 to 160 km.h-1 
SZ5 over 160 km.h-1 

 

Track speed of each line is limited by many factors such as: 

• small curve radius, 

• insufficient cant of outer rail in a curve (superelevation), 

• improper outlook conditions for horizon ahead, 

• inappropriate length or shape of curve transition (for radius 
and cant), 

• technical condition and low safety level of switches, 

• a state of the railway superstructure and substructure and so 
on. 

Thus the suitability assessment for engagement of tilting units is 
required, needs to be done and undergo a thorough analysis of the 
line according to the current standards (norms) for the geometric 
position of the normal gauge tracks. 

3. The suitability assessment for deployment of 
considered units 

Units with tilting system mainly serve to shorten travel times 
without the high cost for upgrading an existing infrastructure. 
Active tilting devices allow 20 to 30 % time savings with higher 
speed driving the curves at tilting up to 8 ° against the level of 
wheel and rail contact, respectively to 6.5 ° without the comfort of 
the passenger being marred. 

By actual valid standards (norm) STN EN 73 6360 for 
geometric position of normal gauge tracks while assessing the state 
of infrastructure in relation to engagement the units with tilting 
system it is required to undergo a thorough analysis of the route on 
the basis of all relations arising from strictly injunctive or 
recommended values. These relations and limits are subject to this 
standards (norm) in which certain principles are selected: 

• tilting system works by the speed limit at least Vt = 70 
km.h-1 in the curves with cant. In the sections with track 
line speed limit less than is mentioned above for a 
vehicles of conventional construction, it cannot be taken 
in consider to increase speed limit by using the tilting 
units, 

• to take advantage of tilting system, the value of track cant 
in curves needs to be at least p = 30 mm. In folded curve 
with a cant should intermediate transitions have a cant 
difference at least ∆p = 30 mm, 

• the value of insufficient cant (the difference between 
theoretical and real cant) for the track without solid parts 
is reduced to Ik = 250 mm, 

• the value of insufficient cant for the track without solid 
parts in comparing to the value of cant should be at least 
Ik = 3.0p (in the most cramped proportions up to Ik = 
3.5p) 

• for the curves without cant, the usage of tilting units in 
higher speed limit than the basic limit is, cannot be 
considered, 

• to use an advantage of tilting system, these conditions are 
required: 

o curves with cant must have the outer transitions, 
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o folded curves with an intermediate cant transition 
must have an intermediate radius transition, 

o cant and radius transitions must have the same 
proper length, 

o the shape and course of curvature increases the 
same way for both cant and radius transitions, 

• outer transitions with a linear increase of curvature and 
cant shall comply with requirements of STN EN 7363 60, 
the same applies for intermediate transition curves. 

 

Trains with the tilting system allow for a reduction of travel 
times on such a lines that meet with the requirements of standards 
for increase the line speed, but mostly thanks to its tilting on the 
lines with limiting factor of achieving higher speeds right in a 
curve. All train carriages (wagons) are equipped with an active 
hydraulic system, partially offsetting the effect of lateral 
acceleration on passengers when running the curves to greatly 
increase the average speed and convenience of traveling on curved 
lines. 

4. Applications of several principles into the 
selected ŽSR track line section Bratislava hl. st. – 
Banská Bystrica 

To verify the suitability of the considered units and thus achieve 
the desired results, the track line section Bratislava hl. st. - 
Palárikovo - Šurany - Zvolen os. st. - Banská Bystrica were used 
considering intensive directional disparity in the vast length due to 
the river Hron. 

Figure 1 shows an existing static velocity profile (marked as 
green), which is varies in the range from 70 to 100 km.h-1 in the 
section Palárikovo - Banská Bystrica and from 100 to 140 km.h-1 in 
the section Bratislava hl. st. - Palárikovo. Static velocity profile for 
considered tilting units (marked as blue) following an analysis of 
line geometry represents discontinuous and inefficient progress with 
frequent alternation of velocity extremes, therefore it was necessary 
to create reduced profile (marked as red), which respects the 
fundamental dynamic options of adhesive rolling stock. 

This course can then be forwarded for further analysis by 
computing the travel dynamic of the unit with tilting system and 
plotting the course curve of actual speed according to traveled 
distance. In this case, the position km 0.000 is the position of station 
Bratislava hl. st. and km 230.200 represents the position of station 
Banská Bystrica. 

4.1. Forced infrastructure adjustments 
For such a velocity profile would be necessary to establish the 

curve cants at this track line section for three curves with its 
transitions and for one curve to increase projected value of cant 
while this step takes into account the current length of cant 
transitions of the curves corresponding to the newly proposed value 
of cant (superelevation). 

5. Comparison of selected indicators 
For calculation of new qualitative indicators that result after the 

introduction of units with tilting system to operation, three basic 
types of passenger trains of category Express (Ex), long distance 
fast train (F) and commuter local passenger train (Ps) were designed 
and therefore we assume the deployment of existing trains, which 
are operating in the current timetable without regardless of their 
regularity (5). 

 
Fig. 1 Static velocity profile of chosen track line section 

New travel times were calculated indirectly using the 
approximate method of estimation from static velocity profile, 
which has been selected for the initial orientation detection of time 
savings due to engagement of tilting units and it was designed so 
that the running time under static velocity profile of current speeds 
was calculated and compared with actual running times of 
passenger trains in the current timetable, in result of the dynamic 
difference coefficient to the static velocity profile. The resulting 
approximate travel time saving for this 223 km long track line 
section is about 20 minutes. 

 
Fig. 2 Comparison of technical velocity 

Comparison of a new and existing technical speed of passenger 
trains is graphically shown in Figure 2. As can be seen in case of 
fastest train (Ex) using tilting units improved its technical velocity 
from the current 78.93 km.h-1 to an approximately speed of 94.93 
km.h-1. Fast train (F) also increased its technical speed from the 
original 70.47 km.h-1 to an approximately speed of 81.87 km.h-1 and 
local passenger train (Ps) increased the technical velocity from the 
original 57.79 km.h-1 to an approximately speed of 64.03 km.h-1. 

For sectional travel speeds (technical speed with respect to 
dwell times) of passenger trains it is the similar pattern in terms of 
the introduction of tilting units (Figure 3). As can be seen in case of 
fastest train (Ex) using tilting units improved its sectional travel 
velocity from the current 75.48 km.h-1 to an approximately speed of 
84.01 km.h-1. Fast train (F) also increased its sectional travel speed 
from the original 63.36 km.h-1 to an approximately speed of 69.69 
km.h-1 and local passenger train (Ps) increased the technical 
velocity from the original 43.43 km.h-1 to an approximately speed 
of 50.78 km.h-1. 
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Fig. 3   Comparison of sectional travel velocity 

 
6. Conclusion 
Thorough these analyses of the track line section Bratislava hl. 

st. - Banská Bystrica it was found that given track line in the vast 
majority of its length is likely to deploy regional tilting units to the 
operation, respectively for their deployment would be necessary to 
make some low-cost steps to adjust the infrastructure. With an 
approximate method of estimating the travel time savings was 
found indicative shortening of the fastest train travel time (Ex) 
about 20 minutes, which represents a fundamental value for 
increasing competitiveness against other transport modes in 
passenger transport. 
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1. Introduction 
Allowing undertakings to access to the railway infrastructure is 

one of the preconditions for achieving a competitive railway 
services market. The direction of infrastructure development refers 
to the two key subjects generally: the state that creates transport 
policy at national level and railway infrastructure manager (IM). IM 
operates infrastructure under the permission and also offers it to the 
undertakings with a valid license for transport operation. Third 
subject can be a union of states with interest to create a 
transnational transport market with non-discriminatory terms. Thus 
determines the basic transport policy that is superior to transport 
policy at national level. 

The key issue for IM is capacity management. There is need to 
know the infrastructure capacity.  The capacity expresses the 
infrastructure manager’s business offered by the allocating of the 
train paths to the railway undertakings. 

2. Guiding principles in determining the capacity 
in Slovakia compared to Croatia 

The methodology including the detection procedures for 
capacity of infrastructure facilities was contained in prescription D 
24 ČSD (Czechoslovakian railways). ŽSR (Railways of Slovak 
republic) as its successor took over the methodology in Regulation 
D24 ŽSR. 

The theoretical and practical capacity 

The capacity can be in principle divided into:  

• theoretical (maximum),  

• practical. 

When calculating the maximum capacity any loss of time is not 
considering and it is assumed that the device capacity we determine 
is used exclusively for activities, for which it is intended and 
necessary technological blocking times follow up tightly and 
immediately without any loss of time. 

When calculating the practical capacity we consider not only 
the need for maintenance of equipment or the fact that the 
equipment is also used for other purposes than for which it is 
primarily designed and used, but also time to eliminate the backup 
for possible defects or irregularities in traffic. 

The capacity of equipment 

The capacity can be determined for these railway equipments: 

• track line, 

• station gridiron, 

• station line. 

For determining capacity of track lines can be used graphically 
methodology, analytically methodology as well as combination of 
both. 

Maximum capacity can be expressed by a formula: 

max
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TN
t

=
 [technological operations/calculation period]  

where: 

T calculated time (peak time or all the day) [min], 

tobs average time for realization of the following technological 
operation (train drive, shunting operation etc.) [min]. 

 

If there is calculated a practical capacity, we could take into 
consideration the time for maintenance as well as the reserve time 
for elimination of delays, in which are primary traffic operations not 
possible. Practical capacity is expressed by a formula: 
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 [technological operations per period]  

where:   

Tvýl   total time, in which is the facility out of order because of 
maintenance, inspection or revision [min], 

Tstál   total time, in which is the facility occupied by another 
operations, that are not primary intended for this facility [min], 

tobs technological time of facility occupation by one 
technological operation [min], 

truš average time of probable mutual distortion of two 
operations (trains) in the places of potential threats (simultaneous 
drives impossible) accrued at one technical operation (train) [min]. 

The capacity is defined as a value of calculated trains of basic 
parallel train diagram (mostly represented by middle-distance 
freight trains or by the most frequent train category) or in an 
average trains (average value of time occupation – train sequence 
time). 

To compare the analytical methods, the Faculty of Transport 
and Traffic Science of the University of Zagreb presented a quite 
similar methodology, that we can mention from this point of view. 
For the calculation of particular capacity is used a coefficient of 
elimination. There are used two different methods for capacity 
calculation. The first method deals with the maximum capacity in 
the number of trains or train pairs (the differentness), that are the 
most frequent on the line and these are used as a base. By using 
equivalents they transfer other train categories to this basic trains 
and the capacity is calculated such for parallel train diagram as for 
non-parallel train diagram. Other method determines the capacity 
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without isolating the category of trains and takes into consideration 
the probability of the influence of mutual relations of certain types 
of trains. 

For example, the capacity of the line section (both directional 
one track line) is presented in the following formula:  

ps
pg

pr

T
T

N α
−

=
1440

 [train pairs / day]   

where: 

Tpr  time of technological downtime [min], 

Tpg  graph period (means for both directional train pair) [min], 

αps  coefficient of operation reliability [-]. 

 

That means, that capacity is detected for train pairs (supposition 
for only mutual trains) and the other circumstances that decrease the 
value of capacity are expressed by the coefficient in comparing with 
Slovak method that uses marginal amount of exact values in 
formula. But the whole issue is quite difficult and highly 
professional and slickly elaborated in detail. 

3. Contemporary trends in the determination of the 
capacity worldwide 

In the world are currently using many methodologies for 
detection of railway infrastructure capacity. In the Europe, the 
International Union of Railways (UIC) draw up regulations for 
capacity, which aims to unify previously used national 
methodologies of each European railway networks, so that the 
results of the assessment of the individual parts of the corridors are 
mutually comparable. Leaflet UIC 406 is not mandatory also allows 
infrastructure managers to use also the national methodology. 

UIC methodology 

Leaflet UIC 406 was adopted in 2004. It admits that capacity 
qua doesn’t exist, because it depends on the exploitation of 
infrastructure. Basic parameters from which depends the 
infrastructure capacity depends are the number of trains, average 
speed, stability and heterogeneity of timetable. Like the D24 
methodology so the UIC methodology uses in determining the track 
section capacity a method of inserting an additional train paths to 
advance designed timetable. Calculation of total capacity must be 
applied by compression of train paths at restrictive track section. 
The compression of paths is performed regardless to the 
downstream of the track sections in so-called representative day and 
in a maximum (peak) operation (minimum 120 minutes). 

There is space for research continuance. At first, the 
compression of train paths is well to apply for and double-track line 
or for every track of one direction traffic. There is not exactly done 
how could we proceed it to the compression of a both directional 
train paths. On the other hand, the idea of relative capacity which 
depends at various aspects is one of the most important notions that 
we can follow as a hypothesis and based on that we can involve our 
ideas. That is the reason continuing research in this direction. 

Simulation as a capacity exploitation planning tool 

Due to different scientific theories we know several different 
types of railway simulations. Railway simulation models can be 
classified generally to: 

• scope (macroscopic, microscopic), 

• analytical approach (stochastic, deterministic), 

• processing technique (synchronous/ parallel/ contemporary, 
asynchronous). 

Many of the models used in practice are based on the theory of 
synchronous simulation, but we can deal with asynchronous 

simulation method as well. Some selected synchronous simulation 
tools are RailSys, RailPlan, VISION, OpenTrack, SIMONE, 
FALCO, TRANSIT, RAILSIM, SENA JŘ VT / ZONA CP VT. 

After the first experience with the good-known simulation 
software OpenTrack we have got an unique opportunity to work 
with the RailSys as well as the OpenTrack at the University of 
Zagreb and thus evolve new ideas in this field by proceeding a 
simulation tests and make partial conclusions about the direction of 
new ideas. The research now is in progress by working in an 
infrastructure manager of RailSys and the first results are coming 
soon. 

As example, the representatives of asynchronous simulation 
tools BABSI a STRESI are developed by German university 
RWTH Aachen. 

3.1. Transcript of a new methodology design 

While so far it´s been the trend in detection of railway 
infrastructure capacity to simplify and average many of inputs, such 
as the relating calculations to the "average" trains, respectively 
simplifying the elements of time, so in terms of technological 
progress it is not a big deal today to create a comprehensive system 
that would be as far as possible considering a diversity of these 
parameters and that would provide a space for detailed and 
transparent detection of capacity with identifying the bottlenecks as 
a problem of railway infrastructure. Such a system could make an 
interactive platform and could quick operational respond to an 
incident caused by the operation, respectively to more and new 
assigned paths. Another focus area is based on the fact that the 
infrastructure capacity analysis takes into account the integrity of 
the train path from the initial point to the end pint of the track 
section of a line and thus the capacity of railway section is detecting 
by searching a limiting partial section. Methodology does not taking 
into account the possibility ordering the requirement for train path 
using a part of the track section only. That is reason the path not 
always goes through the limiting partial section. The result is a 
distortion of the actual infrastructure capacity which may in some 
cases hinder to respond flexibly to supply the demand for transport 
paths and degrade the procedure to increase the competitiveness of 
railway transport to another modal transport. 

3.2. Determination of the basic principles of capacity 
calculation in research 

Tackling the issue of capacity of oven systems (infrastructure 
equipment, etc.) is a complex process in which basic rules of traffic 
operations must be followed while safeguarding the diversity that 
exists in this field in different countries. The basic premise is that 
practical capacity and required reliability of transport operations are 
consistent and as much as possible optimized. 

The purpose of the new methodology proposal for capacity 
detection, respectively providing appropriate information, is the 
determination and the establishment of a procedure that can flexibly 
respond to immediate changes in traffic management and will be so 
full auxiliary tool for traffic planning that can be useful in relation 
to the railway infrastructure managers and railway undertakings. 
The basic scheme of the proposed methodology in which the 
undertaking enters into the process of selecting a suitable free train 
path is based on the following steps (Figure 2): 

• route choice – customer (operator) in the interactive software 
application pre-selects train path, which may contain several 
lines, 

• basic state of capacity view – the maximum capacity for the 
selected line and its status from preliminary timetable is shown 
(Figure 2), 

• track section choice – in case of non route-long paths, 

• specifications for allocation of path – detailed specification of 
the requirements for the allocation of such path, as a date and 
approximate time position of the path, train type (weight, 
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length, rolling resistance, traction, etc.), the base of which is 
recalculated into time elements needed for upgrade the capacity, 
along the number of paths (one, more or two-way path), use of 
station lines with a boarding platform edge or stops, the 
possibility (accepting) of staying on the journey (crossing over, 
prevention, traffic sequence), it means priority paths and so on., 

• current and planned state view – appears updated capacity on 
the selected track, which can then be confirmed by customer, 
respectively it will not be available and customer will be offered 
to change the planned route due to insufficient capacity of this 
option, 

• confirmation and incorporation of requirements – after 
successful completion of a route selection for the request for 
capacity is incorporated as  requirement into the system and 
appears as increased used capacity, respectively reduced free 
capacity in all the track sections of chosen route (in several 
lines). Output requirement then becomes the input for the 
infrastructure manager to be further processed in the process of 
allocation of railway infrastructure capacity. 

•  

  
Fig. 1 Flow diagram of selection of a suitable route for planning of      
shipment 

 

4. Next steps research 
For the further steps in the research is used a graphic method, is 

similar to the UIC methodology. This is based on following: 

• hypothesis that the capacity is relative, depending on a lot of 
aspects, 

• obscure steps of using train path compression for one-track 
lines, 

• each line section can be occupied by different amount of trains. 

As we are trying to focus on a graphic method (geometrical 
relations), at first we need to solve a problem of the value, in which 
can we express a blocking space (or blocking stairs) of a train in the 
time-distance dimension. We are tending several forthcoming 
issues: 

• to test the idea of Figure 2 in a simulation software (timetable 
stability), 

• to propose the model of a new method for graphic detection of 
capacity, 

• to draft an absolute addressing of blocked sections for this case, 

• to make this usable for manual calculation as well as simulation 
outputs, 

• to continue in the research by evolving next ideas. 

 
Fig. 2 Events of discount provision in terms of train path marketing 

Figure 2 shows the basic states for supply of discount for 
railway undertakings based on their previous optional choice of the 
train path they would like to use. Basic train paths (black) are 
previously added in yearly timetable construction process or they 
are “ad hoc” paths, that are confirmed (or later paid) by railway 
undertakings and broke in by infrastructure manager. Red path 
means the theoretical middle distance path in the free space of time-
distance traffic diagram. There are two basic situations that can be 
brightly used in marketing of infrastructure manager. If in that free 
space is possible to add more than one path (grey vs. green), than it 
is better to add the demanding path (green) as close to the basic path 
as possible and do not block the free space by only one 
inappropriate path in the middle. This can be achieved by offering 
discounts from the train path fees. Similar situation can relieve a 
timetable construction by using latitude setting for adding train 
paths. That means, that this paths are interrupted because of non-
moving basic paths (cruising, preceding, etc.) and that is why this 
paths are easier inserted. Of course, this means longer and energy 
inefficient train drive that should be eliminated by discount again. 

5. Conclusion 
In the chain of transport services, especially in freight transport 

is increasingly coming to the fore system of "the pull" when 
determining and significant entity in the development of the 
transport market is the shipper, so the final element of the chain that 
determines the mode of its transport operations in the form of 
specified requirements for transport and by this basis is the 
requirement for transportation transmitted through the undertakings 
to the primary transport market and thus the infrastructure manager 
in the form of demand for railway infrastructure capacity. The 
common space of business is therefore railway infrastructure, which 
is provided to them based on their current license for operating on 
that infrastructure. However, to be fully maintained the principle of 
non-discriminatory access to the infrastructure for customers, the 
capacity (and its information) has to be properly identified and 
published by infrastructure manager, which is in its administration 
and for which is fully responsible. It is necessary to find a simple 
and transparent way to organize the resulting values into a usable 
format for marketing activities of infrastructure managers. This 
method may be used to: 

• a detailed determination of railway infrastructure capacity, 

• accurate allocation bottlenecks that reduce the capacity of rail 
infrastructure, 

• continuous calculation of available capacity in the allocation of 
"ad hoc" paths, 
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• operational management and decision making at operational 
incidents, 

• educational and research purposes. 
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Abstract: The factors that affect on traffic safety are human, vehicle, road and environment.  In Croatia the leading cause of traffic 
accident is human, in just  0,2% of traffic accident the cause is some technical defect on vehicle.   However, analyzing the information that 
on the regular annual technical inspection more than 22% of the vehicle did not meet the technical requirements, to assume is that the 
number of defective vehicles that causes traffic accidents is significantly higher. In order to determine  the relevant statistic data of vehicle 
as a cause of traffic accidents, it is necessary to  implement technical inspection of vehicle that are involved in traffic accident.  Research 
objectives are to determine  how many defective vehicles were involved in traffic accident,  how many of them might have been the cause of a 
traffic accident,  and which elements on the vehicle are possible cause of traffic accident. 

Keywords:  

1. Introduction 
According to the statistical data and analysis in the Republic of 

Croatia the leading cause of traffic accidents is human in over  97%, 
while in 0.2% of traffic accidents cause of the traffic accident was a 
technical breakdown. Analyzing the fact that in the European Union 
countries in 6-8% of traffic accidents the cause was a technical 
defect of the vehicle and in Croatia in about 22% the vehicles did 
not meet on a regular technical inspection, so it can be assumed that 
the cause of the larger number of traffic accidents was the technical 
malfunction of the vehicle. In order to achieve the target in the 
global campaign "Decade of action for road safety" it is necessary 
to determine the cause of traffic accidents. 

The Republic of Croatia has not conducted research on the 
number of technically defective vehicles that are involved in traffic 
accidents so they used for example the exploration conducted by the  
company Dekra. The results of the research led by company Dekra, 
which since 2001 carried out an analysis of roadworthiness of all 
vehicles that are involved in traffic accidents with fatal 
consequences, showed that 26.4% of vehicles are out of order and 
6% of investigated traffic accidents were caused by a technical 
malfunction of the vehicle. The Republic of Croatia has lower 
standard than Germany and inferior standard contributes to greater 
average age of registered vehicles in the Republic of Croatia, which 
in 2015 was 13.5 years. It can be concluded that the number of 
technically defective vehicles that are involved in traffic accidents 
increased and thus the technical malfunction as the cause of 
accidents is higher than 0.2%. 

By determining the number of technically defective vehicles 
that are involved in traffic accidents the methodology of keeping 
statistics on the causes of traffic accidents improves, and quality 
measures for the prevention of traffic accidents can be applied. 

In order to improve the statistics of the vehicle as a cause of 
road accidents, it is necessary to carry out technical inspections of 
vehicles that are involved in traffic accidents. Due to the large 
number of accidents it is necessary to carry out technical 
inspections on vehicles that are involved in traffic accidents with 
fatalities as consequences. 

 

2. Technical inspection of vehicles after traffic 
accidents 
2.1. The mandatory technical inspections of vehicles  

In Croatia, all motor vehicles and trailers must access the final 
inspection. Vehicle Inspection is performed based on the Law on 
Road Traffic Safety, under the laws governing the operational part 
of the business, such as: Regulation on technical inspection of 
vehicles, Regulation on technical requirements for vehicles in road 
traffic, the Ordinance on the periodic technical inspection. The Act 

defines devices and equipment which vehicles must contain, 
dimensions, total weight and axle load of vehicles and conditions to 
be met by vehicles in traffic on the roads. Table 1 shows the 
distribution of technical inspection in the Republic of Croatia. 

 
 
Table 1: Types of technical inspection  

Regular checks  Preventive checks  Exceptional technical 
inspection 

Mandatory for 
• Motor vehicles 
• Trailers  

• renta a car vehicles 
• vehicles for training 

drivers except the 
moped, motorcycle 
and tractor owned  by 
candidates 

• taxi vehicles 
• buses 
• duty vehicles 

(passenger cars and 
trailers) if their 
maximum mass 
exceeds 7500 kg 

• ambulance vehicle  

• all vehicles after 
repair of circuits 
and devices 
essential to traffic 
safety, which have 
been damaged in 
an accident 

• vehicles that have 
carried out 
modifications or 
repairs 

• vehicles that are 
excluded  from 
traffic by 
authorized police 
officer and went to 
the exceptional 
technical 
inspection 
 

exceptions  

• work machines 

• camping and living 
vehicles 

• vehicles for the 
transport of bees 

• fire vehichles 
• vehicles for leisure 

activities 
• trailers for tractors 

 

 

Vehicle Inspection is done in order to increase road safety. The 
laws and regulations on the provision of technical review can be 
found in the Law on Road Traffic Safety. 

Basic tenets of technical inspection are: 

1. Technical inspection of vehicles is an activity of general 
interest. 

2. In order to test roadworthiness for motor vehicles and 
trailers, with the exception of machines, technical 
inspections of these vehicles are carried out. 

3. Technical inspections of vehicles are regular with testing 
of exhaust gases of motor vehicles, preventive and 
exceptional.   
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4.  On the technical inspection shall be determined whether 
the vehicle has prescribed devices and equipment, 
whether these devices and equipment are correct and 
whether they meet the prescribed conditions for 
participation in road traffic. 

5. Record of technical inspection of vehicles shall be kept. 

6. Minister of the Interior in agreement with the minister in 
charge for transport issues carries out regulations on the 
technical inspection of vehicles. 

During technical inspection of the vehicle it is divided into 17 
circuits that are reviewed. Table 2 shows the proportion of errors to 
the circuits on a regular technical inspection in 2015 for all 
categories of vehicles. 

Table 2:The percentage of defects in individual assemblies of vehicles [ 2] 
 Name  of the assembley % defects 

00 Identification oft he vehicle 1,03 

01 Control devices  2,86 

02 Braking devices 26,10 

03 Apparatus for lighting and light signals 26,67 

04 Devices that allow normal visibility  3,53 

05 Self-supporting body, chassis and other parts  4,06 

06 Axles, wheels, tires and suspension  10,52 

07 Engine  5,13 

08 The impact on the environment 0,61 

09 Electrical equipment and installations  1,27 

10 Transmission mechanism 1,24 

11 Control and signaling devices  2,91 

12 Testing of exhaust gas  8,46 

13 Connecting the towing and towed vehicles  0,76 

14 Other devices and vehicle parts  0,44 

15 Vehiche equipment  4,08 

16 Additional testing of vehicles of category 
M2 and M3 0,01 

17 Gas instalations  0,31 

 
The highest percentage of failure on regular technical 

inspections have devices for lighting and light with 26.67% defect, 
then the braking device with 26.10%, and the circuit elements of 
axles, wheels, tires and suspension with 10:52% then testing of 
emissions. Vehicles must meet all conditions. All circuits on the 
vehicle must be correct or individual circuits directly affect traffic 
safety. Some circuits from the standpoint of security are more 
important than other circuits. Testing of exhaust gases of motor 
vehicles are more significant for ecology but the devices for lighting 
and light-signaling devices for braking, steering devices and 
components axles, wheels, tires and suspension are more important 
for road safety and their malfunction is affecting the safety of road 
traffic. 

Age of vehicles is one of the factors that influence the 
malfunction of the vehicle. The infrastructure enables drivers of 
older vehicles movement in high speeds and significantly increases 
the possibility of accidents with serious consequences. Table 3 
shows the analysis of the failure of passenger cars by 
manufacturers, who have access to regular technical inspection 

under 5 years of age, between 5 and 10 years of age and older than 
10 years. 

 

Table 3: The percentage of malfunctions of cars under 5years of age, 
between 5 years and 10 years and over 10 y. [2]    

Under  5years Between  5 and 10years Over 10 years 

Vehicle 
% 

malfuncti
ons Vehicle 

% 
malfuncti

ons  Vehicle 

% 
malfunction

s  

Audi 2,99 Audi 7,39 Toyota 20,05 

Mazda 2,99 Bmw 7,46 Smart 20,26 

Volkswagen 3,65 Volvo 8,83 Mercedes 25,03 

Ford 3,90 Honda 9,21 Mazda 25,59 

Suzuki 4,33 Suzuki 9,67 Bmw 25,65 

Bmw 4,59 Mazda 9,78 Volvo 26,07 

Nissan 4,59 Mercedes 9,94 Nissan 27,52 

Mercedes 4,62 Volkswagen 11,50 Mitsubishi 28,53 

Seat 4,68 Nissan 11,94 Honda 28,70 

Toyota 4,72 Toyota 12,02 Citroen 28,70 

Opel 4,95 Ford 12,84 Peugeote 282,94 

Škoda 5,13 Hyundai 13,78 Audi 28,94 

Renault 5,27 Kia 14,46 Hyundai 29,12 

Kia 5,33 Opel 14,80 Lancia 30,40 

Hyundai 5,73 Renault 15,29 Renault 30,88 

Dacia 6,16 Alfa romeo 15,94 Alfa romeo 31,06 

Peugeot 6,21 Peugeot 16,25 Škoda 31,38 

Citroen 6,83 Citroen 16,25 Seat 32,08 

Chevrolet 7,98 Seat 16,57 Opel 32,34 

Fiat 9,74 Škoda 16,99 Volkswagen 33,68 

  Chevrolet 17,03 Daewoo 33,89 

  Fiat 17,44 Suzuki 35,42 

  Dacia 18,74 Ford 35,50 

    Fiat 36,46 

    Rover 37,09 

    Kia 37,84 

    Lada 42,20 

    Zastava 48,17 

 

An examination of Table 3 confirms that the age of the 
vehicle is an important factor in road safety. Vehicles up to 5 years 
of age have a percentage of malfunction 2.99 to 9.74%, vehicles 5-
10 years of age have a failure rate from 7.39 to 18.74% and the 
vehicles that are older than 10 years have a 20 percent failure , from 
05 to 48.17%. With the age of the vehicle  an important factor is 
mileage. For vehicles that have passed less than 50 000 km 
percentage of defects is from 4.01 to 24.75%, with vehicles that 
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have crossed 50000-100000 percentage of defects is from 5.69 to 
26.73% for vehicles with more 100 000 mileage percentage of 
defects is 16.32 to 38.10%. In addition to the data presented, the 
devastating fact is that in 2014 and 2015 in Croatia higher number 
of used vehicles approached the first regular technical than new 
vehicles as a result of large imports of vehicles. 

2.2. Technical inspection of vehicles after traffic 
accidents 

Vehicles that were involved in traffic accidents are not 
accessing technical inspection unless technical malfunction is 
suspected or if requested by the prosecution. Technical inspection 
of vehicles after a car accident is different compared to the regular 
technical inspection station. When checking the technical condition 
of vehicles that are involved in traffic accidents it is allowed to 
dismantle and assemble circuit boards to determine a malfunction. 
In order to implement the project "Check the technical condition of 
vehicles involved in traffic accidents with fatalities" the 
methodology of the technical inspection of vehicles as part of the 
designed pattern to check the correctness of assembly of vehicles 
that meet the supervisor during the review was formed. The above 
pattern is different from the control list in the roadworthiness test, 
inspection form safety circuits of vehicles consists of 4 pages, 
which are divided into six main circuits. After vehicle inspection 
data on the inspection are entered to the application along with 
photos and other attachments. Technical inspection of vehicles that 
are involved in a car accident may take longer than vehicle 
inspection during regular technical inspection..  

Example of analysis of the vehicle that was involved in an 
accident with fatal consequences. Inspection of the vehicles 
performed outside the station for technical inspection. Inspecting 
the cargo delivery vehicle brand and type Volkswagen 
Transporter. Technical inspection starts by entering data on the 
vehicle and on the person performing the inspection. The form of 
vehicle inspection is divided into six segments and should be 
completely fulfilled, to be completed in a way that the individual 
assembly can be characterized as: 

• Properly 

• Malfunctioning 

• It is not possible to determine the condition before 
the accident 

•  Activated (valid for airbags and seat belts) 

• The set does not exist 

  At present vehicle, there were a number of malfunctions 
of which only some are listed: 

• The windshield was damaged, and a mesh rupture passes 
through the driver's field  

• The body is corroded and especially thresholds of the 
vehicles which weakened structure of the vehicle 

• The seat is damaged and as such violates the comfort of 
the driver visible in the photograph 

• In the interior of the vehicle there are sharp parts that 
could cause injury to the driver and missing safety barrier 
between the passenger and cargo space, which prevents 
the entry of cargo into the passenger 
compartment. Missing interior mirror which originally 
was improperly secured with chewing gum (Fig. 1) 

• Position and high beams do not work 

• Drive elements of additional devices are not 
functioning. Drive belt that drives the hydraulic pump or 
the steering is missing and even if the belt is correct this is 
considered defective because the hydraulic control device 
is subsequently improperly installed (Fig. 1) 

• Evaporation temperature of brake fluid is invalid because 
the humidity is above 4%. 

• The parking brake is not in function 

• Tires are worn on the outer part of the tread pattern which 
indicates an incorrect suspension geometry 

• Sidewall tires are damaged, cracked or damaged (Fig. 1) 

• Some tires are renewed, and the tread in places began to 
peel off 

A technical inspection has determined that the subject vehicle 
was defective and as such should not participate in road traffic. A 
large number of defects was observed on circuits that are important 
for road safety. Since they do not know the details of an accident it 
cannot be determined whether it is a technical malfunction of the 
vehicle causing a traffic accident or some other factor. Defects that 
were observed on the vehicle in certain situations may be the cause 
of an accident since the faulty circuits are of active safety. 

For vehicles where the percentage of moisture in the brake fluid 
is higher than 4% and have worn or damaged tires there is a 
possibility that their braking distance extended in relation to the 
technically correct vehicle. Visibility of drivers can be reduced if 
the internal mirror is missing, if he damaged the front windshield 
even if the light units are not correct. The duration of the review of 
the vehicles was about one hour and thirty minutes. 

 

  
Fig. 1. Examples of some technical defect in the subject vehicle [3] 

 
Information recorded during the technical inspection of 

vehicles shall be entered in the application created just for the 
purpose of technical inspection of vehicles that are involved in 
traffic accidents with fatal consequences [1]. 
  

2.2.1. Problems during technical inspection of vehicles 
after traffic accidents 

Technical inspection of vehicles that took part in a car 
accident is more difficult to perform than a full technical review of 
the roadworthiness test. Vehicles that are involved in traffic 
accidents are usually deformed and it is impossible to technically  
determine in a  safe way whether a malfunction occurred before the 
car accident or the result of a traffic accident. Vehicles are usually 
reviewed in parking lots or other areas where all workshop 
equipment is not available,  making it difficult to monitor vehicle 
inspection. The vehicles in which someone is killed can be found 
traces of blood, and this can cause discomfort to the individual 
supervisor. When inspecting the damaged vehicle it requires 
maximum caution because the vehicle is deformed but has sharp 
edges on which the supervisor can hurt himself. In some cases it is 
necessary to repair the vehicle in order to examine the individual 
circuits. 
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Inspection of the vehicles that were involved in traffic 
accidents take place in the shortest possible time after the car 
accident because the atmospheric conditions can modify individual 
circuits that make it difficult for the monitor to review. 

 Inspections of vehicles that are involved in traffic accidents 
are reviewed throughout the Republic of Croatia and need a large 
number of available professional staff who can inspect the vehicle 
in any part of the country. 

3. Implement technical inspection of vehicle that 
are involvde in traffic accident with fatal 
consequences 

To determine the number of defective vehicles that are involved 
in traffic accidents with fatal consequences it is necessary when an 
accident with fatal consequences occurs to retain vehicles 
temporarily n the local police station. Vehicles that are involved in 
these traffic accidents must be disposed of in a secure area to 
protect vehicles from the potential impact of weather conditions. It 
is necessary to allow the access to the vehicles that are involved in 
traffic accidents only to authorized institutions and professional 
staff who would be responsible for reviewing the technical 
condition of vehicles. 

It is necessary to form a professional staff that is able to inspect 
the vehicle in any part of Croatia. To perform the necessary 
inspection,  equipment is needed in order to review the damaged 
vehicle without certain specialized workshops. If the vehicle after a 
traffic accident in running the supervisor is allowed to transport the 
vehicle and inspect the roadworthiness. In addition to these 
procedures it is necessary to prepare regulations so that during the 
examination of vehicles of recent production it is allowed to read 
data from the EDR (event data recorder) which when the airbag is 
triggered captures certain information that can be used to determine 
the causes of traffic accidents. The information collected during the 
inspection of the vehicle can be used by traffic experts if they are 
making finding and opinion of an accident in which the participants 
examined the vehicle. 

The former performed examinations of vehicles as part of the 
"Technical examination of vehicles involved in traffic accidents 
with fatalities" on vehicles which are technically incorrect, it was 
found that 27.93% had a malfunction on tires and suspension which 
are active safety factors as these are an important element of 
security.  Table 4 shows the percentages of defects per circuits 
identified with defective vehicles. 

 

Table 4: malfunctioning of the circuits identified with defective vehicles[1] 
Set % vehicles 

Body and interior cabin  30,02 

The suspension and tires 27,93 

Engine and transmission 15,41 

Braking system 11,91 

Light signaling equipment 10,51 

Driving system 4,22 

  

Table 4 shows that 54.57% defects found are on circuits that are 
most important for road safety. Malfunction of any circuit on the 
vehicle endanger participants in traffic and especially malfunction 
of active safety factors on which the highest number of irregularities 
are recorded. 

4. Results 
With the introduction of the technical inspection of vehicles 

participating in road accidents with fatal consequences the current 
statistics on the number of defective vehicles that are involved in 
traffic accidents with fatal consequences would improve. By 
analyzing traffic accident data and the technical condition/ 
breakdown methodology of collecting data on the cause of an 
accident would be advanced and changed. Improving statistics on 
the causes of accidents high-quality measures can be aimed at 
reducing the number of deaths of participants of traffic. 

By determining to what extent a technical malfunction caused a 
traffic accident, preventive measures can be taken to encourage 
public awareness about the fatal consequences of the exploitation of 
technically defective vehicles, because for a large number of defects  
user of the vehicle is responsible. By raising awareness of the fatal 
consequences of the exploitation of technically defective vehicles, 
awareness of vehicle owners about the importance of regular 
maintenance and control of the vehicle would increase. Pointing 
drivers to the fact that increased vehicle age and mileage is 
increasing the possibility of technical failure, and therefore the 
traffic safety of all participants is violated, and thus the trend of a 
large number of first time registered used vehicles than new ones 
could change. 

5. Conclusion 
By achieving the set target set by the global campaign "Decade 

of action for road safety" , to reduce the number of casualties in 
road transport by 50% by 2020 is achievable if all causes of traffic 
accidents are determined in order to impose preventive measures in 
order to achieve a given objective. 

Actions and methodology of inspections of damaged vehicles is 
more demanding than the inspection of vehicles that approach the 
regular technical roadworthiness test. In some cases, vehicles are 
deformed and the supervisor finds it difficult to ascertain the 
correctness of circuits before a traffic accident. Vehicles should be 
inspected immediately by the supervisor after a traffic accident and 
damaged vehicles should be placed in a guarded area to undergo the 
examination. 

To determine the number of technically defective vehicles 
involved in road transport it is necessary to implement outstanding 
technical checks on roads by excluding the vehicle out of traffic and 
performing inspections. 

In order to achieve the objective of 50% fewer casualties in road 
transport by the technical inspection of vehicles that are involved in 
traffic accidents it is necessary to form a professional staff that is 
responsible for infrastructure and human behavior. In Croatia, road 
safety will increase by the application of those measures and by an 
increase in living standards when citizens will be able to afford new 
vehicles. 
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1. Introduction 
The development of the economy in the country is influenced 

by the effective activity and cooperation of households, companies, 
the state and foreign countries. These four sectors are affected by 
each other. Consumers enter the market for their personal needs as a 
buyers, but also as a sellers. Their receipts from ownership of the 
production factors use for the purchase of goods, services, or 
savings. The companies produce goods, respectively offer the 
services, and come to the market for their sale. [1], [2].   

The specific role in this cycle has a state, which should 
guarantee the appropriate conditions for companies but on the other 
hand also for the households, which are the main customers. [3]. 

Transport is one of the most important sectors of the economy. 
The share of transport in gross domestic product (GDP) is about 6% 
in Slovakia. According to the Statistical Office of Slovakia were 
employed almost 99 thousand people in transport sector in 2014 
while 12.5% of this number were employed in railway transport. 
Therefore, it is relevant to examine the impact of economic 
indicators on the change of performances in rail passenger and 
freight transport. 

2. Comparison of the transport performances and 
macroeconomic indicators 
Economic situation of the country can be characterized by a 

number of basic indicators. The development of freight rail 
transport is compared in relation to the gross domestic product and 
the development of passenger rail transport depending on the 
average monthly wage.  

2.1 Performances of freight rail transport in 
comparison with GDP 

The most commonly used indicator characterizing the economic 
situation in the state is gross domestic product. It represents the 
value of final goods and services produced in the time period on the 
national territory by production factors owned by the citizens of the 
country or foreigners working in that country. It is that part of gross 
production which is intended for final consumption (not to the next 
production) and satisfies the final consumers. [4], [5]. 

Figure 1 shows the development of the GDP (in constant prices) 
and transport performances of freight rail transport (in tonne 
kilometers). 

 
Fig. 1 The performances of freight rail transport in comparison with GDP 
 
 The gross domestic product of Slovakia regularly increased by 
more than one billion eur in the last period, however the most 
significant increase was between the years 2013 and 2014 (more 
than 2,5 billion eur) with the assumption of a continuation of this 
trend in the future.  

 The same development was also in the performances of freight 
rail transport in the analysis period when the increase between the 
years 2012 and 2014 was 1 238 million tkm (almost 17%). 

2.2 Performances of passenger rail transport in 
comparison with average monthly wage 

 Statistics indicate an average monthly level of wages of the 
employee for the whole economy of Slovakia, therefore include all 
sectors of economic activities with the exception of management or 
business receipts and also the receipts of their shareholders, military 
components, people on maternity and parental leave. The data are 
classified according to economic activity, geographical area, age 
groups or education. 

 Passenger kilometers (pkm) are the most appropriate measure 
for transport statistics and their comparison in passenger transport 
because an indicator the number of passengers can bring a high risk 
of double counting, especially in international transport.  

 Figure 2 shows the development of average gross monthly wage 
in the national economy in comparison with the performances of 
passenger rail transport. 
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Fig. 2 The performances of passenger rail transport in comparison with 
average monthly wage 
 
 The average monthly wage in Slovakia for the last five years 
reflects the development of the gross domestic product. An increase 
of almost 20€ is recorded each year, while the most significant 
increase was between the last two analyzed years (up to 34€). 
According to different economic situations of regions is the average 
monthly wage regarded as substandard in certain areas of Slovakia 
in relation to others where the wage is much lower. 

  The development of performances in passenger rail transport 
(expressed in passenger kilometers) showed a similar trend in the 
years 2010 - 2014, however the last two months of 2014 were 
significantly affected by the introduction of free transport for certain 
groups of passengers. 

3. Price elasticity of demand for services in 
passenger and freight rail transport 
Price elasticity of demand (PED) shows the relationship 

between price and quantity demanded and provides a precise 
calculation of the effect of a change in price on quantity demanded. 
The degree of response of quantity demanded to a change in price 
can vary considerably. The key benchmark for measuring elasticity 
is whether the co-efficient is greater or less than proportionate. If 
quantity demanded changes proportionately, then the value of PED 
is 1, which is called ‘unit elasticity’. 

 PED can also be: 
• Less than one, which means PED is inelastic. 
• Greater than one, which is elastic. 
• Zero (0), which is perfectly inelastic. 
• Infinite (∞), which is perfectly elastic. 

PED on a linear demand curve will fall continuously as the curve 
slopes downwards, moving from left to right. PED = 1 at the 
midpoint of a linear demand curve. 

3.1. Price elasticity of demand for services in passenger 
rail transport  
Price elasticity of demand for transport is calculated as the ratio 

of change of quantity to change of price. We investigated the 
dependence of the performances of passenger rail transport from the 
change in the price of the ticket. The price of the ticket is set out for 
each tariff zone  (Fig. 3). 

 
Fig. 3 Calculation of average price for transport 

 

We calculated the average price as the average of the prices for 
one passenger kilometer in the individual tariff zones. Prices in 
passenger rail transport are regulated by the state therefore does not 
change often. Figure 4 shows the price elasticity of demand for  
passenger rail transport in the years 2011-2014. 

 
Fig. 4: Effect of change in performances of passenger rail transport to the 
price for one pkm 
 
 The coefficient of price elasticity is less than one in all cases, 
what means that the demand for services of public passenger rail 
transport is inelastic - it is not significantly affected by the change 
of the ticket price. 

3.2. Price elasticity of demand for services in freight rail 
transport  
Price elasticity of freight rail transport is focused on the 

dependence of the change in the rates for the transport of 1 tonne of 
goods from the transport performances. The rate for transport of 1 
tonne of goods is set out for each tariff zone as well as in passenger 
transport (Fig. 5). The conversion is processed for each analyzed 
year, where the result is the average price for one tonne kilometre. 
The list of rates is referred in Tariff for freaight rail transport – TR1. 
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Fig. 5 Calculation of average price for transport 

 

We calculated the average price as the average of the prices for 
one tonne kilometer in the individual tariff zones. The used list of 
rates is for railway wagons, which are owned by the carrier.  

Price elasticity of demand for freight rail transport in the years 
2013 and 2014 is shown in Figure 6. 

 
Fig. 6 Effect of change in performances of freight rail transport to the price 
for one tkm 
 

The coefficient of price elasticity is more than one in both 
cases, what means that the demand for services of freight rail 
transport is elastic. Performances of freight rail transport increased 
every year, although the rate for transport of one tonne of goods 
also increased also. This fact could be affected by increased interest 
in intermodal transport.  

4. Conclusion 
The good economic situation and living standards is also 

reflected positively on the increasing demand for services in 
passenger and freight rail transport. The increase in the number of 
passengers carried in the period was recorded each year during the 
period, even between years 2010 and 2014 it was more than 11%. 
Despite this fact, we are concluded on the basis of price elasticity 
that the demand remains inelastic to change of price in passenger 
rail transport. This trend indicates that the price in passenger rail 
transport is not the most important factor for passengers in deciding 
on the choice of type of transport. The situation in freight transport 
was similar when the increase of performances was observed in 
comparing the years 2012 and 2014, despite the changes in the rates 
for transport of one tonne of goods.  
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Summary. New educational standards involve significant changes in the structure, content, aim and tasks of education. The article 

deals with the results of investigation of peculiarities of the method of projects usage in the theory of teaching a future agricultural engineer 

in higher education institutions. The method of projects in educational technologies provides solving an agricultural problem and it is 

directed into achieving a specific result that can be publicly presented and transferred to a customer. The main achievement is a creative 

research project that demands integrated knowledge, investigation for getting significant results of theoretical and cognitive character and 

practical character. Such project should be vital according to the chosen topic, problems and tasks, methods of investigation, sources of 

information, hypothesis and ways of solving the given problem.  
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Introduction. 

Competitiveness of an agricultural engineer at the labor 

market depends on the level of special basic education, fundamental 

knowledge, capacity for steady self-development, obtaining new 

competence, professional mastering of innovative technologies, 

adaptation to constant changes in agribusiness. 

Domestic educational system responds to social and 

economic development tendencies and proposes European 

integrated conceptual ideas of competence oriented education. The 

economic development of society, increasing in material well-being 

of people are based on thorough and fundamental general science 

and special professional knowledge. To get this knowledge a future 

agricultural engineer expert should acquire to think creatively, 

cogitate pragmatic categories, and predict the result at the start-up 

period of implementing ideas and projects. Moreover, such an 

expert should be able to associate with colleagues, to work in team, 

to determine priorities, to plan a shop-floor activity, to bear personal 

responsibility for project implementation, to use computer 

equipment and information technologies effectively. 

Prerequisites and means for solving the problem. Using the 

method of projects in theory learning is of current importance 

because key competences of students are formed and pedagogical 

tasks are solved giving the opportunity: to learn how to plan a final 

result and a sequence of actions, to match future work with your 

potential, time management and economic factors, to use different 

sources independently, to find and use the right information, to solve 

problems constructively and to make own choices and decisions. 

Method of projects is a training system in which students obtain 

knowledge, skills and competence planning and doing the tasks that 

are becoming complicated gradually. The project is primarily a form 

of organization of activities aimed to obtain a specific product. 

Project-based method allows bringing learning of students to solve 

practical and socially important tasks.  

The term “method” is understood as the logic basis for mode 

of actions to consciously achieve the intended purpose under 

circumstance [1]. 

A work on a project is a logical continuation of profound 

study of a material. It requires from students to activate various 

psychological processes such as memory, imagination, and creative 

thinking. All work aimed on stimulating independent research 

activities should be formed gradually. Each student's creative work 

oversees primarily positive emotions and a feeling of being a 

pioneer or a researcher.  

Introducing the pragmatic creative projects into the 

educational process makes students become interested in the final 

result of their activity, implementing these results into real farming.  

The work on a project starts with the designing the project 

itself. Compulsory determinant factor of each project is an 

investigation a student does. The main stages of the project activity 

are preparation, planning, investigation, receiving and valuation the 

results, conclusions, and recommendations (Figure 1). 

So, a project is passing through all the stages in a 

consecutive order: determining the problem, planning, designing 

itself, methodology and algorithms choosing, modeling, estimation 

and parameter optimization, getting the product (machine, process, 

technology, etc.), results documenting, illustration designing and its 

defense, report and working paper execution, and data transfer to a 

client. 

Solution of the examined problem. There are several levels 

of independent thinking of the technical specialties students in 

agricultural higher institutions: the first one corresponds with the 

teaching; the second one is the level of a problem setting by a 
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teacher and solving the situation together with the students; the third 

level foresees a student to solve the problem autonomously; the 

fourth affirms the absolute independence of a student who 

determines and solves the problem on his/her own. 

Figure 1. The Main Stages of a Project Activity 

Educational agricultural engineer projects are characterized 

by research, creative, role, live-action, information, applied and 

other typological features, the number of participants, and the terms 

of the development, etc.  

Research projects require well thought-out structure, clearly 

determined aims, the relevance of the subject of the investigation, 

economic and social importance, specific theoretical and 

experimental methods of investigation, and data processing. They 

are conducted according to the common logical scheme and their 

structure is close to classic scientific researches. 

The general criteria of a student preparedness to work on 

projects are existence of project type of thinking, the capacity to 

work in team, performing discipline, strong motivation to participate 

in a project, high entrepreneurial and social activity, flexibility and 

capacity to correct one’s actions and decisions.  

So far, the Standards of Education and the Statute of 

Ukraine “About Higher Education” declared the realignment of 

teaching. It is required not just to learn knowledge, capacity and 

skills, but to develop a personality, his/her talents, and independence 

of his/her thinking. Research and project work facilitates key 

competences of students; it takes participants of educational process 

into real farming out from the walls of the University. Method of 

projects allows solving the following pedagogical tasks: to teach 

planning succession of actions, to foresee final results, to match 

future work with one’s potential, time management and economic 

factors. The project is primarily a form of organization of activities 

aimed to obtain a specific product. Project-based method allows 

bringing teaching students to solve practical and socially important 

tasks. Implementation of projects allows making students more 

interested in a final result of an activity. A work on a project is a 

logical continuation of profound study of a material. It requires from 

students to activate various psychological processes such as 

memory, imagination, and creative thinking. Different and 

sometimes even new styles of communication could be possible in 

this case. It is important to figure out assumptions, options, and 

hypothesis for students and discuss them in the classroom. The main 

purpose of a teacher is to create conditions for development of a 

personality, self-determination and self-realization. It is important to 

guide students to generalization, to learn not only to solve problems 

of analysis and synthesis but also to use these concepts as an 

instrument of cognition. 

Projects are divided into individual and group (complex) 

projects. Individual projects are characterized by the following 

peculiarities: a program and a plan of the project are made out in 

consideration of student’s concern in the project result; it develops 

student’s individual responsibility and professional competence. 

Figure 2 represents the scheme of personal project that completes 

the main course program [2]. It shows the level of student’s skills 

that facilitate effective activity after getting specific knowledge. 

 

Figure 2. The Level of Skills Development 

Group projects help to form cooperative skills and 

thoroughly fulfill the project. In the formation of project activities 

development of rules for a group work is significant. Each student 

should feel wanted in the project, able to express his creativity 

completely and all-around. However, it is not recommended to 
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demand absolute silence organizing group work because students 

should exchange their opinion. You should not expect immediate 

results, and everything should be done in a proper way. It is not 

necessary to switch to a more complex work until you will learn 

simple forms of communication, discussion, and solution of specific 

project agronomic problems. Interacting in a group, students 

understand that all participants should come to an agreement in 

order to achieve a common goal. It is important to find the ideal 

relationship between both students and teachers. It is better to 

implement the method of projects with students together, listening 

to them attentively. The project activity on the faculty of agriculture 

mechanization is conducted from the first course to the last one. A 

project on planting of bioenergy crops on sloping lands has been 

written with a group of students. 

Group activity is socially oriented. 

On the basis of requirements for students’ activity in a 

group, designed by I. Kolesnikova and M. Horchakova-Sybirska, the 

rules of cooperation were determined. As the scholars say, 

unconstrained joining to the project and emotional attitude towards 

the project are indicators of a student’s readiness for a project work. 

While working on the project it is of special importance to consider 

the activity of both participants and those who are interested in a 

project development. To raise the quality of a project it’s 

recommended to get qualified experts, teachers, scholars and 

representatives of agricultural units to join the project [3].  

Here are some forbidden items in a group work 

organization: 

- one should not require absolute silence, as students must 

share their thoughts; 

- one should not expect immediate results; everything is 

digested practically; 

- It is not necessary to switch to a more complicated tasks 

until simple forms of communication aren’t learnt. 

Interacting in a group students understand that all 

participants should come to an agreement in order to achieve a 

common goal. It is important to find the ideal relationship between 

both students and teachers.  

Students of the Faculty of Agricultural Engineering work on 

projects from the first year to the last. Thus, first-year students under 

the supervision of teachers developed a project “Optimization of 

Agricultural Implements Complex for Crofts and Farming”. 

Students got acquainted with structure, management and conditions 

of agricultural machinery storage. Studying harvester threshers there 

were held conferences and students presented their projects 

“Peculiarities of Mechanization of Grain Crops Harvesting Under 

the Conditions of Native Land”. Students themselves made the plan 

to achieve results, selected materials, worked on supplementary 

literature and represented their achievements to other students. 

Teachers provided the students with consultative advice, explained 

principles how to accumulate innovative information and its 

processing, and gave actual representing of final product for public 

speaking. 

The third-year students developed the project on preparation 

of the field and bioenergetic crops sowing on the lands of a little 

gradient of slopes. The project represents general problems that are 

important for actual agro-industry [4]. Students worked on the 

certain elements of considerable problem, they used initial data and 

scientific achievements of their teachers in the process of working 

on course and qualification projects and thesis. Moreover, students 

investigated changes of agrochemical characteristics of soil 

alongside generatrix slopes that are typical for the region of their 

residence, peculiarities of functioning mechanical and technical 

means for sowing bioenergetics crops, represented the techno-

economic feasibility of manufacturing process accomplishment.  

Results and discussion. The output data of the project is 

further used by the senior students at the course «Machine 

Utilization in the Plant Growing Sector» while working on the 

course and graduation projects. Research project skills are formed 

gradually. A project develops mental processes during obtaining 

academic disciplines. Individual educational projects are 

compulsory in the training curriculum for future experts in 

agricultural engineering.  

Conclusion. New educational standards causes significant 

changes in the structure, content, aims and tasks of education. 

Teaching process is provided according to the training curriculum 

for agriculture engineers. A student is supposed to be oriented on the 

general research way, be well-educated in the algorithm that helps to 

solve the given tasks, and manage the process of training activity on 

his own. One of the ways to make a student a subject of teaching 

process is to involve him into research project activity as an 

important didactic way that responds on updated needs of life. It is 

also supposed a successful student to be a successful agricultural 

engineer in future who designs and implements innovative projects. 
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abstract: In this work it is discussed the mathematical model of a transportation node in the form of a graph-model and its 
counterpart - the matrix model, which allows to solve the problem of optimizing the different options of transshipment. Using Simulink model 
developed in the package, we can estimate the cost of transshipment processes of various transport means and methods. From this point of 
view, we can optimize the process of transshipment according the economic criterion - the total integrated flow of traffic moving to the 
transportation node. 
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1. Введение 
Современный этап  развития  транспортных  

перевозок  характеризуется  ростом требований к срокам 
доставки грузов, качеству перевозок, сокращению затрат на 
транспортно-складские операции. В системе транспортных 
перевозок транспортные узлы (ТУ) являются центральным 
звеном. В них начинается  и завершается доставка грузов, 
происходят процессы перевалки груза  с одного вида 
транспорта на другой.  Несмотря на ввод в эксплуатацию 
новых портовых перегрузочных комплексов, потребность 
Грузий в перегрузочных мощностях удовлетворяется 
отечественными портами не полностью, а по переработке 
внешнеторговых грузов – менее чем на 70 % . В этой связи 
ведущим направлением повышения эффективности работы ТУ 
является оптимизация управления перегрузочными процессами 
порта, его инфраструктурой на основе применения 
современных информационных и компьютерных технологий. 

Для обеспечения эффективного функционирования 
перегрузочного комплекса, имеющего многоцелевой характер,  
требуется  взаимосвязь  значительного  количества  технических,  
экономических и социальных показателей, которые подвержены 
влиянию многочисленных факторов [1]. 

Другой особенностью перегрузочных процессов в 
порту является их непрерывное развитие, обусловленное как 
изменением потребностей в переработке тех или иных грузов, так 
и постоянно изменяющейся обстановкой внутри порта и в 
обслуживаемых им регионах. Это вызывает необходимость 
максимальной формализации способов принятия решений как по 
оперативно- диспетчерскому управлению перегрузочными 
процессами, так и по их модернизации и реорганизации.   
Разработка эффективной координирующей системы управления 
технологическими процессами в ТУ является одним из путей 
снижения затрат на развитие перегрузочных мощностей в 
терминалах морских портов и улучшения эксплуатационных и 
технико-экономических показателей их работы. Перегрузочные 
процессы в ТУ рассматриваются как объекты моделирования, 
позволяющие решать задачи оптимального управления 
различными вариантами перегрузки/перевалки грузов. 

 
2. Предпосылки и средства для решения 

проблемы 
Отсутствие в портах (Батуми, Поти) как 

регионального, так и портовых логистических центров с 
интеллектуально интегрированными системами, становится 
барьером на пути организации эффективного взаимодействия 
всех пользователей, участвующих в процессе обработки 

грузов. Для решения этих проблем необходима 
высокопроизводительная транспортно-логистическая 
инфраструктура, обеспечивающая коммерческую скорость и 
надежность транспортных услуг, в том числе благодаря 
широкому внедрению интеллектуальных транспортных 
систем. 

С целью разработки рекомендаций по оптимизации 
режимов работы терминалов порта был выполнен анализ 
функционирования порта за последние пять лет. С этой целью 
были использованы результаты выполнения работ по обработке 
судов в портах за 2010–2014 гг., которые позволили получить 
сведения о характере и свойствах исследуемых процессов. На 
рис. 1. представлены результаты анализа выполнения 
перегрузочных  работ за 2010 - 2014 гг.  в портах и терминалах 
Поти и Батуми (данные на 10 месяцев).  Результаты показали, 
что исследуемые процессы относятся к нестационарным 
случайным процессам по математическому ожиданию и 
дисперсии и являются аддитивно-мультипликативными 
процессами. В результате выполнения операций центрирования 
и нормирования были выделены детерминированные 
составляющие, определяющие законы изменения 
математического ожидания и дисперсии.  

 

рис. 1. Динамика выполнения перегрузочных  работ 
за 2010 - 2014 гг. 

 
Наряду с этим исходная информация была 

использована для корреляционного анализа, проведенного с 
целью решения двух задач: определения стохастической связи 
между параметрами и оценки тесноты связи факторов и 
результирующего показателя. 
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3. Результаты и дискуссия 
Нами была определена общая характеристика 

выполнения погрузочно-разгрузочных работ за неделю, месяц, 
квартал, год. По внешнему виду гистограмм распределения 
времени обслуживания судов в порту (рис. 2), можно сказать, что 
время на обслуживание одного судна не подчиняется 
нормальному закону распределения. 

   

 

Рис. 2. Гистограмма распределения времени на 
выполнение работ по обработке судов в порту  по 
неделям в 2014 г. 

 
Отсутствие взаимной корреляции перегрузочных 

процессов порта свидетельствует о системных просчётах в 
координационном планировании работы порта логистических 
центров всех уровней. Теоретико-множественная модель 
процессов, рассмотренная на примере терминалов генеральных и 
насыпных грузов порта, необходима для решения задач 
обеспечения информационной совместимости и взаимной 
интеграции участников процессов обработки грузопотоков в 
порту, а также для решения задач информационного 
взаимодействия с использованием методов имитационного 
моделирования [1]. 

Общее математическое описание деятельности 
грузовых терминалов генеральных и насыпных грузов может 
быть записано в виде кортежа, т. е. упорядоченного набора из 
элементов, называемых компонентами кортежа [2]. Кортеж 
деятельности грузовых терминалов морского порта (DGТР) 
имеет вид 

DGТР = <OP, RP, Z, G, MF, PK>, 
где OP – множество основных процессов, 

протекающих в терминале;  RP – множество собственных 
ресурсов, участвующих в погрузочно-разгрузочных работах;  Z 
– множество заявок на осуществление погрузочно-
разгрузочных работ, поступающих от клиентов порта; G – 
множество грузопотоков; MF – множество  метеорологических  
факторов,  влияющих  на  работу  порта; PK – множество 
показателей качества логистического обслуживания, на основе 
которых производится анализ качества функционирования 
терминала. 

Применительно к перегрузочным процессам в 
морском порту, представление модели объекта исследования в 
виде графа и его аналога – матричной модели – позволяет с 
различных сторон взглянуть на задачу оптимизации различных 
по содержанию вариантов перегрузки грузов (в нашем случае 
минеральных удобрений) в ТУ. Для основных терминалов были 
составлены матрицы перемещения M = mij.  

Элементы матрицы mij оп- ределялись следующим 
образом: 

  mij=1,  если  дуга выходит  из  i – й  вершины в j - ю ; 
     mij=-1,  если  дуга выходит  из  j– й  вершины; 

  mij=0,  если  дуга не входит и  не выходит из  вершины; 
На рис.3 представлен минимизированный граф системы 
перегрузки удобрений в терминал, на рисунке  обозначения: 

в-вагон, с-судно. ск1, ск2, ск3-склады. 

w- путы перегрузки. 

 
 
 
 
 
 
 
 
 
 

 
Рис.3 

 
Матрица функций путей систем перегрузки 

минеральных удобрений позволяет перейти к моде- 
лированию процессов в системе MATLAB с использованием 
пакета Simulink (рис. 4).  

 
 
 
 
 
 
 
 
 
 

рис. 4 
В блок Weight (см. рис. 4) вводится количество груза в 

тоннах, которое необходимо погрузить на судно. Блоки Store 
1, Store 2, Store 3 отображают количество груза в тоннах, 
которое находится на складах 1, 2, 3 соответственно. Блок 
Number of trucks показывает количество вагонов, 
находящихся на путях для разгрузки. 

После ввода всех исходных данных и выбора маршрута 
производится запуск программы. Затем в блоке Time 
отображается время в часах, необходимое для выполнения 
заданной операции погрузки. В блоках Store 1 after, Store 2 after, 
Store 3 after отображается количество груза, которое осталось на 
соответствующих складах. Блок Error предназначен для вывода 
сообщения об ошибке. 

 
4. Заключение 

Таким образом, результаты исследования позволяют 
успешно решать задачу ситуационного моделирования 
процессов перегрузки грузов, а также оценивать затраты на 
перегрузочные процессы различными транспортными 
средствами и методами. Программы, разработанные в системе 
MATLAB с использованием пакета Simulink, позволяют 
формировать задания на выполнение погрузочных работ с 
учётом согласованных совместных действий как 
обслуживающего персонала грузового терминала, так и 
вахтенного судоводителя грузового судна. 
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abstract: In this work is discussed the evaluation criteria of transportation companies, taking into account the influence of external 
factors. Using the proposed methodology for assessing the stability of the position of the company, taking into account their degree of 
adaptation to the external conditions, allows us to respond quickly to these changes and improve effectiveness of their functioning. The 
proposed method ensures a stable position of micro logistical transport systems on the market, high level of stability of their operation 
and increase of the validity of managerial decision making through more accurate and rapid determination of the impact of logistics 
performance on the result of the activities of transportation companies. 
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1. Введение 
 

С переходом к рыночным отношениям происходят 
изменения в сфере транспортных услуг, выражаемые 
переориентацией рынка на потребителя.  Это обусловило 
необходимость применения новых управленческих решений 
при организации работы транспортных компаний, 
потребовало создания качественно новых систем, способных 
гибко реагировать на постоянно изменяющиеся условия 
функционирования внешней среды и требования 
потребителей. Появление новых принципов управления, на 
основе новых критериев оценки функционирования 
транспортных компаний, в том числе методов оценки их 
устойчивого положения на рынке и степени адаптации к 
быстроизменяющимся условиям тесно связано с 
происходящими во внешней среде бизнеса постоянными 
изменениями, особенно в кризисных ситуациях[1]. 
Сложившаяся система организации перевозок не всегда 
удовлетворяет возникающий спрос на транспортные услуги, 
особенно в момент возникновения «пиковых» нагрузок. В 
некоторых ситуациях необходимо организовать работу 
транспорта таким образом, чтобы  в ограниченный интервал 
времени реализовать максимальное количество перевозок по 
различным направлениям. Данную задачу можно эффективно 
решить с использованием принципов логистики [2].  

 
2. Предпосылки и средства для решения 

проблемы 
Рассматривая транспортную компанию с точки 

зрения логистического подхода, выявлено, что 
микрологистические системы транспортных компаний 
должны обладать способностью сохранять стабильный 
режим работы при воздействиях внешних факторов. Для 
оценки уровня устойчивости и степени адаптации к внешним 
условиям необходимо разработать соответствующие 
критерии и методы оценки эффективности 
функционирования компаний. Критерии, характеризующих 
устойчивость и степень адаптации транспортных компаний к 
быстроизменяющимся внешним условиям в настоящее время 
рассмотрены не в полной мере, и вследствие этого 
отсутствуют системы анализа этих свойств. Это привело к 
тому, что управление микрологистическими системами с 
целью обеспечения устойчивости и адаптивности находится 
на интуитивном уровне[3]. 

Таким образом, разработка методики оценки 
функционирования транспортных компаний на основе  

 
анализа устойчивости, стабильности и степени 

адаптации к внешним условиям является актуальной и 
позволит обеспечить принятие адекватных и своевременных 
управленческих решений в их работе. 

 
3. Результаты и дискуссия 

 
  В ходе проводимых исследований выявлено, что 

для рационального применения принципов логистики при 
управлении потоками услуг необходимо выработать единую 
концепцию оценки качества услуг, основанную на 
критериях, используемых покупателем при выборе 
поставщика услуг, скорректировать систему управления в 
направлении минимизации расхождения ожидаемого и 
фактического уровня качества. Мы рассматриваем 
транспортную компанию как микрологистическую систему, 
понимая под логистической   системой   адаптивную   
систему   с   обратной   связью,   состоящую     из нескольких 
подсистем и имеющую развитые связи с внешней средой. 
Транспортная компания становится микрологистической в 
том случае, если она способна удовлетворять таким 
критериям, как - предоставлять каждому потребителю 
транспортных услуг перевозку в удобное ему время от места 
отправления до места назначения с минимальными 
издержками, в нужном количестве. В результате анализа 
различных литературных источников выявлено, что в любой 
фирме циркулирующие в ней материальные, финансовые, 
информационные потоки приобретают такую взаимосвязь, 
формируя конечный результат её деятельности, что 
становится не только возможным, но  и необходимым 
применение логистики, её методов, реализующих при 
решении соответствующих задач принципы совместимости, 
актуализации, сосредоточения, стабильности. Обращается 
внимание на то, что транспортные компании 
функционируют в условиях ярко выраженной 
неопределенности, причем ее уровень постоянно изменяется 
и зависит от факторов, определяющих работу транспорта, и 
от сложности связей между ними[4]. 

Анализ функционирования транспортной 
компании, как логистической системы позволяет 
рассматривать ее как систему, в которой в равной степени 
сочетаются индивидуальные потребности потребителей 
транспортных услуг и экономические потребности 
перевозчиков. Целью функционирования транспортной 
компании как микрологистической системы является 
обеспечение адекватного, эффективного, удобного и 
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доступного транспортного обслуживания, отвечающего 
требованиям безопасности и окружающей среды. Выявлено, 
чем меньше соответствие между уровнем качества 
внутрисистемных связей транспортных компаний и 
характеристиками внешней среды, оказывающей влияние на 
ее функционирование, тем меньше она будет адаптирована к 
быстроизменяющимся рыночным условиям, менее 
стабильно функционировать, а, следовательно, и менее 
устойчива. В соответствии с этим, степень адаптации 
определяет уровень приспосабливаемости логистической 
системы к непредвиденным изменениям свойств 
управляемого объекта, целей управления или окружающей 
среды путем выбора оптимального алгоритма 
функционирования, позволяющий обеспечить качественное 
транспортное обслуживание в нужное время, в нужном 
месте и высокого качества. Чем меньше изменения внешней 
среды приводят к реакции системы, тем выше степень 
адаптации, а, следовательно, и устойчивость положения 
транспортных компаний. Благодаря адаптации сохраняется 
постоянный оптимальный уровень протекания внутренних 
процессов системы, обеспечивающих устойчивость и 
выживаемость ее в данной среде. Поэтому авторами 
предлагается под устойчивостью понимать способность 
транспортной компании, как динамической 
микрологистической системы, противостоять воздействию 
внешних сил, стремящихся вывести ее из равновесия в 
течение определенного промежутка времени и сохранять 
значения основных параметров функционирования в 
заданных пределах. 

В качестве критерия оценки эффективности 
функционирования транспортных компаний как 
микрологистических систем предлагается использовать 
степень организованности системы. Организованность 
оценивается с учетом влияния информации на уровень 
неопределенности в системе. Степень организованности R 
определяет степень отклонения системы от максимально 
неупорядоченного состояния и может определяться 
формулой: 

    (1)                  R = 1 – (Hц/Hmax) = НЭ/Hmax,               (1) 
 
где Hц – целевая энтрпия или текущее значение 

энтропии (неопределенности) системы;  
НЭ – негэнтропия системы (величина обратная энтропии); 
Hmax – максимально возможная энтропия или 
неопределенность по структуре и функции системы. 

Если система полностью детерминирована и 
организована, то R = 1 и H = 0, а вероятность достижения 
поставленной цели  = 1. Если же система дезорганизована, то 
R =0 и H = Hмакс  и вероятность достижения поставленной 
цели = 0. Для логистических  систем мера относительной  
неорганизо-ванности лежит в пределах 0< R < 1. 

Из равенства (1) следует, что переход к более 
высокой степени организованности системы уменьшает ее 
текущую неопределенность (энтропию) за счет накопления 
информации (увеличения негэнтропии). Это значит, что для 
повышения степени организованности системы необходим 
приток информации и энергии как изнутри системы, так и 
извне. Степень организованности системы повышается 
только при целенаправленном взаимодействии элементов 
системы. Таким образом, организованность системы – это 
динамическое состояние системы, которое позволяет ей 
достичь или не достичь поставленной цели. 

Решение задачи оценки эффективности 
функционирования транспортных  компаний как 
микрологистических систем заключается, прежде всего, в 
выборе критерия оценки. Энтропия, а значит и 
организованность, в полной мере удовлетворяет требованиям 
универсальности отражения специфики рассматриваемой 

проблемы, непротиворечивости по отношению к 
предшествующим теориям и динамичности. 

Следует отметить возможность использования 
данной методики для оценки  работы транспортных 
компаний различного профиля (с учетом их особенностей). 
Существует методика для обоснования эффективности 
функционирования производственных систем, основанная на 
определении оптимального объема  производства для 
получения максимальной прибыли. Статистические 
исследования, проведенные для транспортных компаний, 
показывают, что действительно с увеличением объемов 
перевозок происходит рост доходов и издержек, поэтому 
указанную методику можно использовать для обоснования 
объема производства транспортной продукции. 
Несовершенство данного подхода состоит в том, что 
обосновывается только значение оптимального объема 
производства, хотя для предприятий необходимо получать 
полный комплекс плановых значений основных показателей 
работы. Для решения этой задачи предлагается применение 
методического подхода, основанного на использовании 
основных свойств показателя организованности. В ходе 
исследования установлена взаимосвязь между объемом 
транспортных услуг (Q) и степенью адаптации (Sa). 
Определено, что объем транспортных услуг, увеличивается с 
повышением степени адаптации системы, зависимость 
условно принимается линейной. Определены зависимости 
между объемами производства и доходами, а также между 
объемами производства и издержками на основе 
статистических исследований экономических и технико-
эксплуатационных показателей деятельности транспортных 
предприятий за некоторый период времени. 

В общем случае  получаем следующие 
регрессионные зависимости: 

    (2)         D = f d(Др•Асс•Kвп•q•Kип•Kиг•Тн•Vэ/Lге)  

    (3)         Z = f z(Др•Асс•Kвп•q•Kип•Kиг•Тн•Vэ/Lге),             
где Асс -среднесписочное число автомобилей;  число 
автомобилей;   
Др – число дней работы автомобилей; 
Kвп – коэффициент выпуска парка на линию; 
q – средняя грузоподъемность автомобиля 
(пассажировместимость автобуса);  
Kип –коэффициент использования пробега; 
Kиг–коэффициент использования грузо-подъемности   
(пассажировместимости); 
Тн – среднее время в наряде в сутки; 
Vэ – средняя эксплуатационная скорость движения; 
Lге – средняя длина груженой ездки (дальность поездки 
пассажиров). 

Эти зависимости (2) и (3) определяются по статистическим 
данным для конкретных предприятий,  а  вид  функции  f  
выбирается  по  критерию  максимума       коэффициента 
детерминации из наиболее часто  используемых 
(линейный, полиномиальный, экспоненциальный и т.д.). 

Для создания эффективной транспортно-
логистической системы при оптимальных затратах 
необходимо произвести анализ эффективности  транспортно-
логистической системы компании в соответствии со 
следующими разделами: 
1.      Рассчитать количество транспортных средств (ТС), 
необходимых для доставки груза (перевозки пассажиров); 
2.      Проанализировать необходимость приобретения 
собственных ТС или использования наёмного транспорта; 
3.      Определить оптимальное соотношение собственных и 

наемных ТС; 
4.       Выбрать варианты аренды ТС. 
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Для принятия решения об использовании 
собственного или арендованного (наемного) транспорта 
необходимо сопоставить затраты в зависимости от 
грузооборота компании. На рис.1 показано, что при 
небольшом грузообороте выгоднее использовать 
арендованный транспорт, при увеличении грузооборота 
снизить затраты на транспортировку товаров можно путём 

приобретения транспорта в собственность. 
 
 
Наиболее эффективным способом оптимизации 

транспортной логистики является выбор и внедрение 
системы маршрутизации. Выбор оптимальных маршрутов 
доставки грузов позволяет определить в территориальном и 
временном разрезе объемы перевозки, рассчитать 
необходимое количество транспорта, сократить простои 
подвижного состава. 

Одним из способов решения этого вопроса будет 
планирование маршрута доставки на основе сетевого 
графика.Сетевая модель выбора маршрута позволяет 
оптимизировать затраты на перевозку и учесть временной 
параметр транспортировки.При использовании сетевой 
модели выбора маршрута работа начинается с определения 
всех возможных маршрутов доставки груза и составления 
сводной таблицы, отражающей их стоимостные и временные 
характеристики. В результате применения метода сетевого 
планирования при выборе маршрута выбирается 
оптимальный вид транспорта для доставки и логистические 
посредники. В то же время, нереализованные варианты 
доставки могут оставаться в резерве на случай 
непредвиденных изменений. 

 
4. Заключение 

 
Таким образом, общая задача поиска оптимальных 

значений была разделена на две подзадачи: 
1. Найти минимальные издержки 

транспортных компаний для поддержания заданного уровня 
организованности в отношении исследуемых показателей. 

2. Найти максимальный доход транспортных 
компаний при поддержании заданного уровня 
организованности в отношении исследуемых показателей. 

Результатом решения данных задач будут 
оптимальные, с экономической точки зрения, значения 
показателей для заданного уровня анизованности, а также 
значения максимальных доходов и минимальных издержек. 
Учитывая сложность функции организованности и 
неопределенность функций издержек и доходов, для 
решения задачи необходимо разработать компьютерную 
программу, использующая методы условной численной 
оптимизации для поиска решения. Возможности данной 
программы позволят по заданным статистическим данным 
подобрать вид функций дохода и издержек, а также 

выполнить оптимизационные расчеты для различных 
значений организованности системы в диапазоне от 0,3 до 1. 
Результаты расчетов выдаются в виде графика зависимости 
минимальных издержек и максимальных доходов от уровня 
организованности. В данном случае под минимальными 
издержками понимаются издержки, которые объективно 
необходимо нести предприятиям, занятым в перевозках, для 
поддержания данного уровня организованности. Под 
максимальным доходом понимается доход, который получат 
транспортные компании при поддержании данного уровня 
организованности в системе. По полученным данным можно 
определить характер предельных величин новой природы. 
Предельный доход по организованности характеризует 
скорость роста доходов предприятий с увеличением 
организованности. Предельные издержки по 
организованности характеризуют скорость роста издержек 
предприятий с увеличением организованности. 
Использование понятий предельного дохода и предельных 
издержек по организованности позволяет обосновать 
оптимальный уровень организованности, рекомендуемый 
для предприятий городского пассажирского транспорта. 
Оптимальный уровень находится из условия равенства 
предельных издержек и предельного дохода по 
организованности. 

Теоретическая значимость работы заключается в 
решении задачи по разработке критериев оценки 
функционирования транспортных компаний с учетом 
влияния факторов внешней среды. Использование 
предлагаемой методики оценки устойчивости положения 
компаний с учетом степени их адаптации к внешним 
условиям позволит оперативно реагировать на данные 
изменения, и повысить эффективность их 
функционирования. Использование предложенной методики 
позволит определить пути обеспечения устойчивого 
положения транспортных микрологистических систем на 
рынке, уровня стабильности их функционирования, и 
повысить обоснованность принятия управленческих 
решений за счет более точного и быстрого определения 
влияния логистических показателей на результат 
деятельности транспортных компаний. 
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Abstract: In order to obtain significant costs reductions associated with the use of road bitumen in asphalt mixes, this product currently 
being only obtained through imports, an ample research have been undertaken regarding the use of bituminous sands or oil sands, which 
present great advantages, especially in areas near deposits located in Bihor County. These raw materials present the advantage of having a 
percentage of natural bitumen in their mineral composition and thus their usage for asphalt mixtures preparation leads to substantial 
reductions of bitumen quantities required in the mix. Specific technological recipes have been researched in road laboratory, based on the 
department norm CD 42-85, concerning the direct use of oil sands, with and without adding hard paving grade bitumen, for warm asphaltic 
road pavement construction. 
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PAVEMENT 

 

1. Introduction 
Bituminous binders, according with specialized literature, are 

complex mixtures of animal origin hydrocarbons or are being 
obtained through a pyrogenic reaction, often accompanied by their 
combinations with oxygen, nitrogen, sulfur, etc. They are in the 
form of liquid, viscous or solid, having a dark brownish and black 
color and being completely soluble in carbon disulfide (Mătăsaru et 
al., 1966). 

In order to fulfill their role as road binders, bituminous 
materials must have a bond strength or agglomeration. This 
condition is satisfied only by two categories of compounds, namely 
natural bitumen and tar. Bituminous binders, which occur in nature, 
are most often associated with minerals and also are used from 
ancient times (Les ENROBES bitumineux - Tome 1 + 2, 2005). 

The largest oil field is located near Athabasca, Alberta Canada, 
but there are significant oil reserves located in Venezuela (Lake 
Bermudes), Cuba, Madagascar, Syria, Albania (SELENE) (Joseph 
K. Anocha -Boateng, Erol Tutumluer, 2012). 

In Romania, the bitumen is found naturally in the form of sand 
impregnations in two geographical areas, namely: in Bihor County, 
in the Derna-Tatarus-Budoi basin, near Oradea, Prahova County, 
Matita and Pacureti. The impregnated substance is a very soft 
asphalt that must be processed in order to obtain the bitumen. The 
sands contain on average 10-20% pure bitumen, the separation of 
bitumen from sand being performed with warm water having weak 
alkaline proprieties. An extracting attempt of bituminous material 
has been performed using kerosene, but the results haven’t been 
favorable (Nicoară et al., 1985). The structure and the composition 
is very similar to the natural petroleum bitumen; the superiority in 
behavior is given occasionally by the higher content of anhydrides. 

In situ, the bituminous sand deposits are mainly composed of 
quartz sand, which have a thin film of water and fine particles and 
the bitumen fills the pore spaces between grains of sand. Quartz 
sand, silt and clay, meaning the inorganic materials of the oil sand 
composition, normally constitutes about 80 % by bitumen weight 
and water is about 15% and 5% (Ronald F. Probstein, Edwin E. 
Hicks, 2006). 

 
Fig.1 Bituminous sand (Dayna Linley, 2010) 

2. The research methodology 
In roads laboratory have been conducted four technological 

recipes complying with the directions of departmental normative 
CD 42-85 concerning the direct use of bituminous sands with and 
without adding hard paving grade bitumen for the execution of 
warm asphalt mixtures for road pavements. 

The first recipe conducted in the laboratory is for asphalt base 
associated with road pavements for light traffic (A.31.nb.), the 
asphalt mixture, containing bituminous sands and having added 
hard paving grade bitumen, mostly being used for roads with a 
technical class III. The other three warm asphalt mix recipes have in 
their composition bituminous sand without adding additional hard 
paving grade bitumen, as follows: asphalt concrete (open graded 
asphalt concrete) with crushed gravel for the binder layer 
(B.a.31.nb.f), asphalt base concrete for bituminous base course 
(A.b.31.nb.f.) and asphalt base concrete (A.31.nb.f.) designed for 
light traffic, which are used for roads with a technical class of IV-V. 
All these asphalt mixes have in their composition bituminous sands 
from Derna-Tătăruş, Bihor County and cylindrical samples have 
been realized in order to study their behavior. 

It has been used crushed sand and gravel from Cristesti (Iasi), 
natural sand from Boureni (Iasi) quarry, filler originated from Bicaz 
(Neamt County), bituminous sand from Derna Tatarus (Bihor 
County) career and the hard paving grade bitumen have been 
supplied by OMV Refining & Marketing GmbH (Austria). The 
preparation of asphalt mixtures in the laboratory is carried out by 
heating and mixing the mixture components for 10-15 minutes at 
170-180°C in the case of bituminous mixtures with additional hard 
paving grade bitumen and temperatures of 175-190°C for mixes 
without hard paving grade bitumen (Indicativ 605-2014, 2014). 

The bitumen content specific to bituminous sands from Derna- 
Tatarus in Bihor County is 19.39%. 

Table 1 presents of the particle size distribution curves of the 
used aggregates. 

Table 1: Particle size distribution of natural aggregates (gradation) 
Aggregat

e Percentage of weight passing sieve, [%] 

Sieve 
size, mm 31.5 25 20 16 12.5 8 4 2 1 0.12

5 
0.06

3 
Crushed 
gravel 

16 – 31.5 

100.0
0 

93.4
9 70.40 30.72 6.52 0.56 0.18 - - - - 

Crushed 
gravel  
8 – 16 

- - 100.0
0 99.47 80.5

3 26.12 4.13 1.56 0.89 0.38 0.20 

Crushed 
gravel  

4-8 
- - - 100.0

0 
99.8

9 99.23 38.77 9.96 3.69 0.97 0.56 
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Crushed 
gravel  

0-4 
- - - - - 100.0

0 99.76 83.8
6 63.68 3.12 0.92 

Natural 
sand 
0 – 4 

- - - - - 100.0
0 99.27 79.2

6 62.73 11.1
5 3.70 

Bitumino
us sand - - - - - - 100.0

0 
99.6

9 
98..6

9 
15.4

7 5.75 

Filler - - - - - - - - 100.0
0 

88.6
7 

72.0
2 

Table 2: Hard paving grade bitumen characteristics 

No. Characteristics U.M Values 
obtained 

Reference 
values 

EN 13304 - 
2009 

Test method 

1 Penetration at 25°C 1/10 
mm 10 5-15 SR EN 

1426-07 

2 Softening point °C 91.5 85-95 SR EN 
1427-07 

3 Solubility in organic 
solvents % 99.62 Min.99 SR EN 

12592-03 

4 Loss of bitumen mass by 
heating at 163 °C % 0.24 Max. 0.5 SR EN 

12607/1-07 

5 Marcusson flash point  °C 267 Min. 250 EN ISO 
2592 

The dosage of natural aggregates and aggregate mixture 
distribution curve for each type of mixture is represented in the 
tables below, as follows: Table 3 for A.31.nb, Table 4 for 
B.a.31.nb.f, Table 5 for A.b.31.nb.f and Table 6 for A.31.nb.f. 

The calculation for the addition value of hard paving grade 
bitumen in the case of asphalt concrete base with crushed gravel, 
designed for road pavements with light traffic A.31.nb, has been 
done as recommended by appropriate standard CD 42-85, as 
follows: natural bitumen content in the mixture is required to be 
70% and the hard paving grade bitumen 30%. 

For each type of mixture performed in the laboratory have been 
calculated 5 dosages binder as presented below: 
• natural bitumen percentage: 

 binder percentage x 0.7 = a% ; 
• hard paving grade bitumen percentage:  

binder percentage x 0.3 = b%; 

• dosage of bituminous sand:
a 100

c%
19.39

⋅
= ; 

• dosage of natural sand contained in the bituminous sand:  
c – a = d %. 

For the asphalt base concrete with crushed gravel, designed for road 
pavements with light traffic (A.31.nb) have been used bitumen 
percent of: 5.00%, 5.20%, 5.40%, 5.60%, 5.80% (the recommended 
values ranging between 5.00% and 6.00%); for asphalt concrete 
with crushed gravel for the binder layer (B.a.31.nb.f) have been 
used bitumen percent of: 4.00%, 4.20%, 4.40%, 4.60%, 4.80% (the 
recommended values ranging between 4.00% and 5.00%); for the 
asphalt base concrete for bituminous base course (A.b.31.nb.f) the 
used percentages were: 3.80%, 4.00%, 4.20%, 4.40%, 4.60% (the 
recommended range being between 3.80% and 4.60%); for asphalt 
base designed for light traffic (A.31.nb.f), the bitumen percent is: 
4.50%, 4.70%, 4.90%, 5.10%, 5.30% (the recommended values 
ranging between 4.50% and 6.00%). 

 

 

 

 

 

Table 3. The natural aggregates dosage for asphalt base concrete with 
crushed gravel, designed for road pavements with light traffic A.31.nb 

Aggregate [%] 
Percentage of weight passing sieve, [%] 

31.5 25 20 16 12.5 8 4 2 1 0.12
5 

0.06
3 

Crushed 
gravel 

16 – 31.5 

25.3
7 

25.3
7 

23.7
2 

17.8
6 7.79 1.65 0.14 0.05 - - - - 

Crushed 
gravel 
8 – 16 

10.5
7 

10.5
7 

10.5
7 

10.5
7 

10.5
1 8.51 2.76 0.44 0.16 0.09 0.04 0.02 

Natural sand 
0 - 4 

39.9
2 

39.9
2 

39.9
2 

39.9
2 

39.9
2 

39.9
2 

39.9
2 

39.6
3 

31.6
4 

25.0
4 4.45 1.48 

Bituminous 
sand 

17.8
0 

17.8
0 

17.8
0 

17.8
0 

17.8
0 

17.8
0 

17.8
0 

17.8
0 

17.7
4 

17.5
7 2.75 1.02 

Filler 6.34 6.34 6.34 6.34 6.34 6.34 6.34 6.34 6.34 6.34 5.62 4.57 

Total  100.
00 

98.3
5 

92.4
9 

82.3
6 

74.2
2 

66.9
6 

64.2
6 

55.8
8 

49.0
4 

12.8
6 7.09 

Limits 
particle size 

area 
 90…

100 
85…
100 

77…
94 

70…
90 

63...
86 

55...
80 

46...
65 

39...
59 

36...
56 

12...
26 - 

Table 4. The natural aggregates dosage for asphalt concrete (open graded 
asphalt concrete) with crushed gravel for the binder layer B.a.31.nb.f 

Aggregate [%] 
Percentage of weight passing sieve, [%] 

31.5 25 20 16 12.5 8 4 2 1 0.12
5 

0.06
3 

Crushed 
gravel 

16 – 31.5 
26.15 26.1

5 
24.4

5 
18.4

1 8.03 1.70 0.15 0.05 - - - - 

Crushed 
gravel 
8 – 16 

15.69 15.6
9 

15.6
9 

15.6
9 

15.6
1 

12.6
4 4.10 0.65 0.24 0.14 0.06 0.03 

Natural sand 
0 - 4 35.89 35.8

9 
35.8

9 
35.8

9 
35.8

9 
35.8

9 
35.8

9 
35.6

3 
28.4

5 
22.5

1 4.00 1.33 

Bituminous 
sand 19.13 19.1

3 
19.1

3 
19.1

3 
19.1

3 
19.1

3 
19.1

3 
19.1

3 
19.0

7 
18.8

8 2.96 1.10 

Filler 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 2.78 2.26 

Total  100.
00 

98.3
0 

92.2
6 

81.8
0 

72.5
0 

62.4
1 

58.6
0 

50.9
0 

44.6
7 9.80 4.72 

Limits 
particle size 

area 
 90…

100 
85…
100 

77…
94 

70…
90 

57…
81 

40…
70 

33…
61 

29…
56 

26…
52 

9…2
5 - 

Table 5: The natural aggregates dosage for the asphalt base for bituminous 
base layer A.b.31.nb.f 

Aggregate 
[%] 

Percentage of weight passing sieve, [%] 

31.5 25 20 16 12.5 8 4 2 1 0.12
5 

0.06
3 

Crushed 
gravel 

16 – 31.5 

31.31 31.3
1 

29.2
7 

22.0
4 9.62 2.04 0.18 0.06 - - - - 

Crushed 
gravel 
8 – 16 

15.66 15.6
6 

15.6
6 

15.6
6 

15.5
8 

12.6
1 4.09 0.65 0.24 0.14 0.06 0.03 

Natural sand 
0 - 4 

31.67 31.6
7 

31.6
7 

31.6
7 

31.6
7 

31.6
7 

31.6
7 

31.4
4 

25.1
0 

19.8
7 3.53 1.17 

Bituminous 
sand 

18.23 18.2
3 

18.2
3 

18.2
3 

18.2
3 

18.2
3 

18.2
3 

18.2
3 

18.1
7 

17.9
9 2.82 1.05 

Filler 
3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 2.78 2.25 

Total 
 100.

00 
97.9

6 
90.7

3 
78.2

3 
67.6

8 
57.3

0 
53.5

1 
46.6

4 
41.1

3 9.19 4.50 

Limits 
particle size 

area 

 90…
100 

85…
100 

71…
94 

60…
90 

48…
81 

32…
70 

25…
59 

22…
54 

21…
51 

9…2
2 - 
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Table 6: The natural aggregates dosage for asphalt base concrete 
designed for light traffic A.31.nb.f 

Aggregate [%] 
Percentage of weight passing sieve, [%] 

31.5 25 20 16 12.5 8 4 2 1 0.12
5 

0.06
3 

Crushed 
gravel 

16 – 31.5 
21.03 21.0

3 
19.6

6 
14.8

1 6.46 1.37 0.12 0.04 - - - - 

Crushed 
gravel 
8 – 16 

15.77 15.7
7 

15.7
7 

15.7
7 

15.6
9 

12.7
0 4.12 0.65 0.25 0.14 0.06 0.03 

Natural 
sand 
0 - 4 

34.42 34.4
2 

34.4
2 

34.4
2 

34.4
2 

34.4
2 

34.4
2 

34.1
7 

27.2
8 

21.5
9 3.84 1.27 

Bituminous 
sand 21.42 21.4

2 
21.4

2 
21.4

2 
21.4

2 
21.4

2 
21.4

2 
21.4

2 
21.3

5 
21.1

4 3.31 1.23 

Filler 7.36 7.36 7.36 7.36 7.36 7.36 7.36 7.36 7.36 7.36 6.53 5.30 

Total  100.
00 

98.6
3 

93.7
8 

85.3
5 

77.2
7 

67.4
4 

63.6
4 

56.2
4 

50.2
3 

13.7
4 7.83 

Limits 
particle 
size area 

 90…
100 

85…
100 

77…
100 

70…
100 

58…
91 

43…
80 

37…
73 

34…
69 

31…
66 

13…
34 - 

3. Results and discussions 
For all the 4 types of mixtures carried out in the roads 

laboratory have been determined the following physical-mechanical 
(only in static regime): apparent (bulk) density; water absorption; 
swelling over time; stability and creep Marshall. 

Table 7: Physical-mechanical properties of the asphalt mixture test samples 
A.31.nb 

Characteristic 
name UM 

Bitumen percentage [%] Normative 
boundaries CD 

42-85 5.00 5.20 5.40 5.60 5.80 

Apparent  
density g/cm3 2.232 2.237 2.246 2.250 2.269 ≥ 2.100 

Water 
absorption % vol 6.766 7.179 6.940 6.358 4.615 ≤ 9 

Stability 
at 60° C kN 5.2 4.4 9.9 7.3 5.9 ≥ 3.0 

Flowing  
index mm 1.7 1.4 2.5 2.6 2.1 1.5...4.5 

Swelling at 
28 days % 0.544 0.450 0.625 0.027 0.462 - 

Table 8: Physical-mechanical properties of the asphalt mixture test samples 
B.a.31.nb.f 

Characteristic 
name UM 

Bitumen percentage [%] Normative 
boundaries 
CD 42-85 4.00 4.20 4.40 4.60 4.80 

Apparent  
density g/cm3 2.239 2.214 2.204 2.212 2.250 ≥ 2.000 

Water 
absorption % vol 10.108 10.035 10.633 10.130 7.820 ≤ 15 

Stability 
at 60° C kN 5.1 3.0 4.5 3.2 2.8 ≥ 2.5 

Flowing  
index mm 1.2 1.5 2.0 1.0 1.8 1.5...4.0 

Swelling at 
28 days % 0.325 0.000 0.319 0.273 0.000 - 

Table 9: Physical-mechanical properties of the asphalt mixture test samples 
A.b.31.nb.f  

Characteristic 
name UM 

Bitumen percentage [%] Normative 
boundaries 
CD 42-85 3.80 4.00 4.20 4.40 4.60 

Apparent  
density g/cm3  2.211 2.227 2.227 2.231 2.227 ≥ 2.000 

Water 
absorption % vol 10.284 9.915 9.050 8.262 8.167 ≤ 13 

Stability 
at 60° C kN 2.8 3.5 3.7 3.5 3.2 ≥ 2.0 

Flowing  
index mm 1.6 1.3 1.7 1.7 1.0 1.0...4.0 

Swelling at 
28 days % 0.287 0.144 0.000 0.000 0.000 - 

Table 10: Physical-mechanical properties of the asphalt mixture test 
samples A.31.nb.f 

Apparent  
density 
Water 

absorption 

UM 

Bitumen percentage [%] Normative 
boundaries CD 

42-85 4.50 4.70 4.90 5.10 5.30 

Stability 
at 60° C g/cm3 2.206 2.215 2.238 2.250 2.237 ≥ 2.000 

Flowing  
index % vol 9.880 9.767 8.558 7.014 7.760 ≤ 14 

Swelling at 
28 days kN 4.6 7.0 6.8 5.4 5.0 ≥ 2.5 

Apparent  
density mm 1.5 2.2 2.2 1.6 2.0 1.0...4.0 

Water 
absorption % 0.000 0.661 0.030 0.000 0.175 - 

4. Conclusions 
Analyzing the results values obtained from the laboratory research 
and in particular the behavior in time to water action (swelling), due 
to a good adhesion to natural aggregates of natural bitumen from 
bituminous sands, the four types of mixtures with and without 
adding hard paving grade bitumen: the first warm asphalt mix is an 
asphalt base concrete with crushed gravel, designed for road 
pavements with light traffic (A.31.nb), the mixture containing 
added hard paving grade bitumen and the other three bituminous 
mixture without hard paving grade bitumen in their composition, 
namely asphalt concrete (open graded asphalt concrete) with 
crushed gravel for the binder layer (B.a.31.nb.f), asphalt base for 
bituminous base course (A.b.31.nb.f) and asphalt base designed for 
light traffic (A.31.nb.f), it can be affirmed that the physical and 
mechanical characteristics are within the limits imposed by 
normative CD 42-85. However, given the conditions and the 
necessity to complete the results with dynamic tests imposed by 
normative AND 605/2014, it is required to develop an update of the 
norm CD 42-85. 
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Abstract:Based on the results of studies carried out in the field conditions, there are given some recommendations for drivers of vehicles 
moving on tourist routes with mountain road conditions, which will reduce likelihood of traffic accidents for them.   
      The paper also describes the results of studies carried out in accordance with the methodology of health check of drivers of vehicles 
moving on the tourist routes. As the evaluation parameters, there have been used several indexes as follows: the harmony of driver’s body 
structure and his/her physical development was evaluated by Quetelet-2index; death-birth and power indexes were used for evaluation of the 
power of the apparatus of external respiration and hand muscle strength, accordingly; the nature of nervous vegetal regulation was 
determined by means of systolic and diastolic pressure and chest compression frequency of hemodynamics indices; for evaluating the 
adaptation level by Kerdo index and Robinson index there was used the screening procedure.   
      Reliability of driver depends not only on his/her qualification and experience, but the state of his/her health and ability to work are of 
high importance as well.  
KEU WORDS:VEHICLE’S DRIVER; TOURIST ROUTE; VEGETAL REGULATION INDEX; HEMODYNAMICS INDICES; SYSTOLIC 
AND DIASTORIC PRESSURE; CHEST COMPRESSION FREQUENSY; ADAPTIONAL LEVEL 

  

1.Introduction 

        The driver is an essential link of the “driver-car-road-
environment” system, its operator particularly [1]. The driver 
receives basic information on road conditions through observation. 
A great deal of information and its nature, which is constantly 
changing, for example when driving in mountain environments, 
does not allow for its timely absorbing and processing, and 
consequently for making the right decision. This process is 
especially pronounced at psycho-physiological changes in driver’s 
organism.   
          The system of organizing traffic safety health-care envisages 
a complex of the actions, which includes both medical prevention of 
road accidents and provision of medical assistance after these 
accidents. 
         One of the most fundamental factors of traffic safety is the 
health of the driver.  
         A person’s organism has specific requirements when driving 
in mountain environments. At an altitude of more than three 
kilometers, a person has trouble breathing because of oxygen 
deficiency. When driving for long period of time in mountain 
environments, oxygen deficiency leads us to headaches, reduction 
in sight and hearing, disorders of digestive system and a number of 
undesirable effects. All this leads to rapid and severe fatigue of 
driver.   
         Travelling in tourist destinations existing in mountains gives a 
great pleasure to many car enthusiasts (Pic. 1). Of course, 
overcoming the breathtaking ascents and downhill sections on the 
twisting mountain roads is much more interesting, as well as 
enjoying views over the beautiful mountains.  

 
2.Preconditions and means for resolving the problem 

          Before starting driving on the mountain roads (Pic. 1), the 
tourist-drivers have to make an in-depth analysis of all those 
difficulties, which they could face when driving on the mountain 
roads, as well as it is important to continuously improve skills and 
moral-psychological qualities of driver.  
        To that end, the driver has to take into account several 
recommendations as follows:  
        To accurately assess your own capacities. For example, if 
the driver of another vehicle outpaces you, do not step on the gas 
and do not compete with him! Let him outpace you, and remember 
that in such case the increased speed is just a direct path to the 
hospital. Alternately, at best, you may meet this driver on the pass 
being too tired and nervous, thinking about what to do with this 

damaged car, since studies of transport-tourist routes road 
infrastructure of the Imereti region have shown that service centers 
are mostly situated only in cities and sometimes in densely 
populated areas.  

  

 
  
  

Pic. 1. An interesting view of the mountain road section of the 
Imereti region’s transport-tourist route. 

 
       Inadequate hazard assessment.The mountain road is full of 
surprises. For example, studies of the “Kutaisi-Terjola-Tkibuli-
Nikotrtsminda-Kutaisi” transport-tourist route have shown that the 
traffic flow on several tens kilometers of the most dangerous section 
of the mountain spiral highway is too small, and sometimes there is 
no oncoming traffic in front. In case of a drivable car, the driver 
begins to step on the gas. Due to changes in the trajectory of the 
movement, the possibility of driving onto the oncoming traffic 
increases that is very dangerous.Because of the insistence on getting 
fast through this dangerous turn (Pic. 2), the centrifugal forces 
acting on a car increase lateral skid, and in case of belated braking, 
the vehicle can suddenly end up at the center line of the closed left 
sharp turn the tourist bus is following, and, as a result, the 
probability of tragic traffic accident is too high. 
        Thus, it is essential that the tourist bus drivers have experience 
with driving on these mountain roads, or/and they must be retrained 
by appropriate methodology. Practical and theoretical trainings 
should enable drivers to drive on the mountain roads safely and 
with a low likelihood of traffic accidence.  
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 Pic. 2. The dangerous turn of the Imereti region’s transport-tourist 
route 

 
         When driving on the mountain roads, the most important 
factor is the strict observance of traffic rules by drivers of vehicles, 
as well as their health check system.   
         During intensive traffic flow in complicated mountain 
environments, high demands are placed to the state of health of a 
driver. In order to define driver’s health end-points, he is needed to 
have a medical check-up. Proper medical check-ups before setting 
out on the journeys represent an essential link in the prevention of 
road traffic accidents. 
         Any person, who is not accustomed to mountain 
environments, may even have the mild or severe forms of mountain 
sickness. So, those people, who are physically unprepared and are 
in poor health, especially the drivers, must comply with safety 
regulations. Some people are adapting rapidly to oxygen deficiency, 
but some of them need a long period of adjustment. 
         Health end-points, which may represent the basis for refusing 
the vehicle’s driver journey, are as follows: 

- The presence of severe symptoms or complications of 
chronic diseases; 

- Increasing or reducing heart rate and variation of the 
upper and lower rates of blood pressure that is typical of 
all tested drivers; 

- The driver is under the influence of alcohol or other 
preparations (narcotic drugs and psychotropic 
preparations), which disturb their functional status.  

 For a comparative analysis of morphofunctional 
parameters, the observations were carried out on the tourist routes 
on the vehicles’s drivers of different age and physical abilities for 
the period of three three years. During the period of carrying out 
anthropometric screening, by meeting certain requirements, the 

following have been measured: driver’s height, cm; weight, kg; 
chest circumference S, cm; lung capacity, V; right hand size, A, cm; 
left hand size, B, cm; systolic pressure P1, mm, Mmhg; diastolic 
pressureP2, mm, Mmhg, heart ratio, f, beats per minute.   
       As the evaluation parameter there has been used the body-
weight index, or Quetelet-2 index , which is calculated by the 
formula:  

𝐼𝑚 =
𝑀
ℎ2 

        The body-weight index allows for assessing the level of 
compliance of the body-weight with its height, in other words the 
harmony of its physical development. The body-weight index 
evaluates indirectly if the mass of a person is sufficient, normal or 
excessive. According to foreign medical scientists, variation of 
thebody-weight index within 25-27 kg/m2 for men is ideal. As the 
evaluation parameter there also are used: the birth-death ratio 
𝐼𝑠 = 𝑉/𝑀, which characterizes the power of the apparatus of 
external respiration, but the power index 𝐼𝑝 = 𝐴/𝑀,determines the 
hand muscle strength.  
       Of high importance for the drivers of tourist buses in mountain 
environments is calculation of Kerdo index [2], or the index of 
nature of nervous vegetal regulation by the formula:   

𝐼𝑘 = 1 −
𝑃2
𝑓  

         For quantitative evaluation of energy potential of human 
organism, there is used the Robinson index [4], which is calculated 
by the formula:  

𝐼𝑟 =
𝑓 ∙ 𝑃1
100  

        The Robinson index characterizes the heart systolic work. The 
larger is this index for physical load, the higher is functional 
capacity of heart muscle.  
        For evaluating the adaptation level, there was used the 
screening procedure, which is calculated by the formula:   

K =0,011xf  +0,014xP1  +0,008xP2  +0,014xW + 0,009xM 
+0,004xC-0,009xh-0,273, 

where,  W- age (years); C- gender (male -, female – 2).  
 
       The adaptation level of human organism to the environment 
“health level” is classified as follows: health first level – the state is 
optimal, satisfactory adaptation; health second level –the adaptation 
mechanisms are tense; health third level –unsatisfactory adaptation 
level, during which there are inconsistencies with the organism 
functioning mechanism; health fourth level –interruption of 
adaptation – status of patient before or during disease [3].   
        Hemodynamic indices represent the criterion of cardio-
vascular system, which is influenced by the environmental factors. 
Thus, the drivers of buses moving on the tourist-transport routes in 
mountain environments have been subjected to a medical 
examination on the parameters, which affecthemodynamic indices 
(Table 1).  

 
                                                                                                                                   Table 1 

Comparative Analysis of Driver’s Hemodynamic Indices 
 2014 2015 2016 

Heart Ratio(f) 

1. 72,1±2,50 71,4±2,70 71,1±2,60 

2. 80,3±1,90 82,2±1,30 83,8±2,10 
3. 68,4±3,45 69,2±2,10 68,4±2,57 

4. 76,9±4,46 82,1±2,32 80,8±1,24 

5. 78,4±4,22 81,5±3,20 82,5±4,29 

Systolic Blood Pressure (P1) 

1. 118,1±4,48 119,5±2,27 121,3±2,49 
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2. 136,8±2,80 137,0±2,89 133,2±2,44 

3. 118,7±2,46 117,7±4,53 122,3±3,30 

4. 135,6±2,11 136,2±3,92 140,4±4,26 

5. 135,8±1,42 133,6±2,09 136,2±5,56 
Diastolic Blood PressureP2(P1) 

1. 70,2±4,44 74,4±3,77 75,3±2,87 

2. 78,3±3,88 78,6±3,26 79,3±2,71 

3. 75,2±2,55 78,1±3,30 79,1±3,16 

4. 78,1±3,40 81,4±4,18 80,7±4,88 
5. 82,1±5,32 84,4±4,91 83,4±5,10 

 
 

       It has been established that during the entire period of research, 
heart ratio has a narrow range of frequencies, which indicates 
stability and tolerance of organism.  

 
    Systolic and diastolic pressures tend to increase in line with the 
rise in age, especially among older drivers.   

 
 

                                                                                                                                                       Table 2 
The values of the drivers’ physical development (morphofunctional parameters)  and their assessment 

 Driver 1 2 3 4 5 
Quetelet-2 index 22,9 25,9 25,4 28,6 26,1 
Assessment 1 2 2 3 2 
Kerdo index 0,04 0,04 -0,13 0,01 -0,02 
Assessment 2 2 3 2 2 
Robinson index 85,3 111,3 82,1 109,8 109 
Assessment 2 3 2 3 3 
Adaptation level 2.35 2,94 2,21 3,19 3,09 
Health level 1 2 1 3 2 

 
 Note: 1- below the norm; 2- normal value; 3- above the norm.  

 
 

        By Quetelet-2 index, it has been established that the drives 
have a harmonic ratio of the body height and weight (Table 2), the 
only exception is one tested patient ( 𝐼𝑚 = 28,6). According to this 
parameter, he has excess weight, and another one has insufficient 
mass (𝐼𝑚 = 22,9 ). So, as it is believed by psychologists, the body 
dysmorphic disorder may have a negative effect on human 
psychological health: impairment in self-assessment ability, causing 
depression. 
        The level of nervous vegetal system effect on blood vessels 
was assessed by Kerdo index (Table 2). The values of this index are 
within normal physiological parameters from 0,1 to -0,1. In addition 
to the driver, who had initial vegetation tonus with exuberant 
sympathetic effect (-0,13), one more driver has been identified with 
vegetonometry tendency (-0,02). 
        For describing the quality of the exchange-energy processes 
occurring in the organism and myocardial oxygen consumption, 
there has been used the Robinson index. The upper (111,3) and 
lower  (82,1) values of Robinson index confirm exuberance of 
sympathetic or para-sympathetic vegetation nervous system, but 
two of them disclosed the signs of cardio-vascular system 
regulation disturbance (109 and 109,8), and one of them had 
thecardio-vascular system regulation disturbance directly.  
        By the ratio of health level, the has been determined the 
adaptation level. The lower is the value of the adaptation level 
parameters, the higher is health level. In general, the drivers 
disclosed the positive result of health assessment and adaptation 
capacities (Table 2): satisfactory adaptation (first health level) was 
disclosed by 2 drivers, in other words, their organisms have high 
functional capacities; 2 drivers belonged to the functional stress 
group (second health level; and 1 driver disclosed unsatisfactory 
level of adaptation. 

  
 
 

3.Conclusion 
 

        Good characteristics of nervous vegetal regulation indicate the 
optimal level of functional reserve of regulation and self-regulation 
mechanisms, which ensures adaptation to the ambient 
environmental factors.  
        The rivers of buses moving on the tourist-transport routes are 
needed to have medical check-ups on the parameters, which affect 
hemodynamic indices.  
        Thus and so, Reliability of driver depends not only on his/her 
qualification and experience, but the state of his/her health and 
ability to work are of high importance as well.  

 
4. References 
 
1. I.S. Stepanov, Yu.Yu. Pokrovskiy, V.V. Lomakin, Yu.G. 
Moskalyova. The influence of the elements of the “driver-car-road-
environment” system on road traffic safety: Textbook – M.: MGTU 
MAMI Publ., 2011. – 171 p.  
2. Kérdö I. EinausDaten der Blutzirkulationkalkulierter Index 
zurBeurteilung der vegetativenTonuslage // Actaneurovegetativa. — 
1966. — Bd. 29. — № 2. — S. 250—268. (in German.) 
3. Study of morphofunctional status of students engaged in different 
groups of physical education, by method of indexes. /E.A. 
Kaliyzhniy, Yu.G. Kuzmichev, S.V. Mikhailova and others // 
Electronic scientific journal “Medical University” / 2013, - Iss. 
4(15), October-December. – pp. 3-9    
4. Evaluation of physical development of children and teenagers: 
Textbook / E.S. Bogomolova and others. N. Novgorod, NGMA 
Publ., 2006, 260 p.  
 

o The publication is made under support of Shota 
Rustaveli    National Science Foundation 

64



TRAFFIC RISK MAPPING – RISK DISTRIBUTION AMONG THE 
MUNICIPALITIES IN MONTENEGRО 

 
M.Sc. Grdinic M.1, Prof. Vladimir Pajkovic, PhD.1 

Faculty of Mechanical Engineering – University of Montenegro1  
grdinicm@ac.me; pajkovic@ac.me 

 
Abstract: Accident analysis plays an important part in the strategy to reduce road accidents. To significantly reduce traffic fatalities and 

serious injuries on public roads, there is need to review the characteristics of motor vehicle accidents and identify the hidden patterns behind 
the accidents. Identifying traffic accident concentration area is important for road safety improvements. Determining the risk rate in road 
traffic and its spatial distribution may indicate the areas that are more at risk in traffic in proportion to others. Beside, such analysis can 
identify differences in the nature of the problem among spatial units on the territory of a country. An analysis of spatial traffic risk 
distribution among the municipalities on the territory of the Montenegro has been conducted. The results of the study indicate that there is a 
significant difference in the amount of traffic risk among the municipalities. 

Keywords: TRAFFIC SAFETY, MOTOR VEHICLE ACCIDENTS, RISK MAPPING 
 

1. Introduction 
In Montenegro in the last ten years, the number of persons killed 
in road traffic is reduced. However, it is still not enough to be 
compared with the developed countries of the European Union. 
According to EU statistics, the rate in terms of fatalities per 
100,000 populations in Montenegro in 2012 was 29.6; while in 
EU countries this indicator varies from 2.5 to 18.7, /1/. As well, 
Montenegro’s road network is high risk, including those 
segments with a high traffic volume, /2/. Many road crashes are 
preventable and history provides evidence that the right 
intervention can make a significant positive impact. In order to 
make progress in road safety, comprehensive data collection and 
in-depth data analysis are essential in terms of designing 
effective safety strategies, setting challenging targets, 
determining intervention priorities and monitoring program 
effectiveness. In May 2011, the United Nations launched a 
Decade of Action for Road Safety. The goal of the Decade 
(2011–2020) is to stabilize and reduce the increasing trend in 
road traffic fatalities, saving an estimated 5 million lives over the 
period. This report builds on the 2009 report, and provides 
additional data in a number of important areas. It is supported by 
a Global Plan for Road Safety, /3/. In Montenegro, National 
Coordination Board was established to monitor road safety 
parameters. In addition, government adopted Strategy for 
efficient traffic (2008), /4/, Strategy for improvement of road 
traffic safety 2010-2019, /5/, and Action plan for Strategy for 
improvement of road traffic safety implementation (2011), /6/. 
The main goal of this strategy is to reduce number of fatalities by 
30% and injuries by 20% before 2014 (compared to 2007). The 
long-term goal is to reduce these figures by 50% and 30% 
respectively by 2019, compared to the same year.  

To significantly reduce traffic fatalities and serious injuries on 
public roads, we need to review the characteristics of motor 
vehicle accidents and identify the hidden patterns behind the 
accidents’ records, referring mainly to the actual knowledge 
contained in the collision data rather than the raw data records 
themselves. Thus, identifying traffic accident concentration area 
is important for road safety improvements. The main objective of 
road safety ranking is to identify sections that carry the highest 
individual risk, i.e. where the probability of a fatal road accident 
is the highest, and sections that carry the highest societal risk and 
offer strong potential for reducing accident costs as a result of 
treatment undertaken by road managers. 

2. Risk mapping 
Risk maps are colour-coded maps showing the relative risk to an 
individual road-user of being involved in fatal and serious 
crashes or relative risk of fatal and serious injury on individual 
road sections across a road network. Risk maps are statistically 

designed to support national road safety strategies and add an 
extra layer of information alongside existing approaches. These 
maps each gave useful information in building up the overall 
picture of safety performance of the network. It was concluded 
that accident databases could be established that enabled 
comparative risk maps to be drawn for different municipalities, 
and provided useful information on the difference in risk rate. 
Focus of the risk mapping is to inform the road user how and 
where he needs to modify his behaviour to minimize risk – i.e. to 
enable him to recognize the sources of risk on different types of 
road. Alongside this should be the recognition that risk cannot be 
eliminated on all roads through infrastructure changes, and that 
the road user must take a share in the responsibility for a safe 
road system.  

There is variation in methodology for identification of critical 
zones or black spots and checking road safety level, such as: road 
safety impact assessment, road safety audit, road safety 
inspection (periodic road safety inspection, night-time road safety 
inspection, railway crossing inspection, tunnel inspection, 
destination-sign inspection, inspection of other road signs and 
traffic devices, ad-hoc road safety inspection), in-depth studies, 
black spot management, network safety management, etc. 
In the last few decades, road safety has become a high priority in 
many governments’ policy-making. During 2001, a process of 
risk rate mapping was developed by TRL for the European Road 
Assessment Programme, /7/, to enable the risk of fatal and serious 
injury accidents occurring on different parts of the British 
primary road network to be compared. As a second stage of risk 
comparison, a risk rating system was developed which ranked 
road sections according to their road design features. This rating 
process was first used extensively in Sweden and Germany, but 
was subsequently applied in other European countries including 
the United Kingdom, /8/. 

As critical zones were defined as an area or location where there 
is a higher likelihood for an accident to occur based on historical 
data and spatial dependency, /9/, within this area it is possible to 
determine micro location – an accident-prone spot (black spot) –
place with a higher number of accidents compared to other 
similar spots due to local risk factors. The definition of black 
spot is different from country to country. Many definitions of 
accident-prone spots are available through research emphasizes 
that there is no comprehensive definition of what is accepted as a 
hazard, /10/.  

Montenegro has started a Black spot management with risk 
mapping in 2007 under the responsibility of Road Directorate 
and there are proposals under discussion to add a special 
department for road safety issues (road safety unit) in the level of 
the Ministry of Transport. Neighbor countries, Serbia and 
Croatia, are also adopting programs for black spot management. 
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Table 1 Demographic and accidents data, Montenegro 2013 –2014 

From 2011 to 2013 Serbia realized project “Consulting services 
for road safety – technical support”, /11/. Project complied report 
about identification and black spots recovery. Collecting, sorting 
and analyzing traffic accident data, identification of dangerous 
locations, ranging, analyzing causes of accidents, planning 
recovery measures of black spots, implementation and 
assessment are in detail explained in report. Also, the most 
frequent contra-measures are presented. Alike action were 
undertaken in Croatia: Government of Croatia adopted Strategy 
of traffic development of the Republic of Croatia 2014-2030, 
/12/, where was implemented “Black spots recovery programme”. 

3. Methodology  
Many countries and cities have applied various methods to 
identify dangerous locations with the real situation of road traffic. 
Currently the main form of numerically risk assessment in road 
transport area is usually defined by recorded numbers of fatalities 
(or casualties) and some measures of exposure. A researchers may 
use different indicator of exposure (e.g. size of population, time 
in traffic, traffic density) to describe traffic risk. International 
Traffic Safety Data and Analysis Group (IRTAD) pointed out 
that the three most frequently used measures of exposure to risk 
are: population size, the number of registered vehicles, and the 
distance travelled, /13/. Rates expressed as density or total 
number of crashes on a road over a given travelled distance and 
the traffic flow can show more real situation on roads than those 
mentioned earlier.  

The crash data in Montenegro is collected by police officers as an 
adjudication record. Vital information on exact crash location, 
road geometry and condition, etc. is missing from the data and 
thus incomplete for any scientific crash investigation. Also, the 
management and mechanism to share the available data with 
other stakeholders, as well as a reliable data of traffic flow, is also 
missing. Accordingly, in this paper only demographic (by 
population size) and traffic risk (by registered vehicles) are 
observed.  

In road accidents statistics in Montenegro, accidents were 
categorized in: fatal accidents, serious injury accidents, slight 
injury accidents and damage only accidents, /15/. Both, number 
of accidents and injuries are weighted with following coefficients 
recommended by British ministry of transport:  

 Accidents:  
1 = accidents only with damage  
20÷50 = injury accidents  
150 = fatal accidents;  

 Injuries: 
1 = slight injuries  
5 = serious injuries 
50 = fatal injuries. 

 
The road safety ranking is based on a methodology used in the 
EuroRAP Programme, /7/. In order to show the varying levels of 
risk across municipalities, individual sections are allocated into 
one of five colour coded risk bandings, which represent standard 
RAP Road Risk Mapping colour palette. The colour palette has 
been designed to meet the following criteria: 

 Achieves international consensus; 
 Is based on the significance of particular colors (such 

as black and red to signify danger) in different 
countries and is therefore meaningful to a wide audience; 

 Adjoining colors are easily distinguishable from one 
another; 

 Ensures that the information is clear and 
distinguishable when presented in a variety of media 
(online, print, high resolution, low resolution). 

Additionally, in this paper, because of wide dispersion of extreme 
data, median (Me) as a measure of central tendency was used to 
obtain the thresholds for each risk banding. 

4. Results and discussion  
Table 1 shows basic data for Montenegro for 2013 and 2014. 
Number of inhabitant is based on population census from 2011.  
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1 2 3 I II III 1 2 3 I II III 

1 Podgorica 186290 69318 1455 434 9 648 83 10 65892 1546 446 14 627 96 17 
11 Cetinje 16689 6283 83 47 4 74 15 4 6207 82 46 1 77 19 1 
13 Kolasin 8396 1815 74 15 5 44 26 22 1724 69 30 3 58 13 4 
12 Danilovgrad 18507 4881 111 24 0 40 7 0 4445 78 39 1 54 9 1 

2 Niksic 72581 19589 486 151 4 239 52 4 18269 475 155 7 210 43 7 
16 Pluzine 3252 512 12 5 2 13 5 2 483 9 3 2 7 3 3 
14 Savnik 2074 332 15 2 1 5 1 4 6448 12 5 0 10 3 0 

3 Bijelo Polje 46138 9232 101 66 3 98 20 3 9475 100 71 1 104 16 2 
17 Mojkovac 8638 1686 43 24 0 36 4 0 1512 38 18 1 29 2 1 
18 Berane 34035 6713 29 16 3 20 6 4 6489 27 12 0 17 7 0 
19 Rozaje 23008 5092 39 26 0 36 6 0 5013 32 33 3 53 5 4 
20 Plav 13133 2378 10 5 1 8 3 1 2305 5 8 2 20 6 3 
21 Andrijevica 5081 1021 5 2 1 4 1 1 943 13 4 1 6 2 1 

4 Pljevlja 30844 7186 63 27 1 46 11 1 7284 58 30 2 45 8 2 
15 Zabljak 3576 772 13 6 0 8 4 0 839 13 6 1 11 5 1 

7 Herceg Novi 30923 12746 232 62 1 77 19 1 12251 267 51 4 58 7 4 
6 Kotor 22644 10647 297 44 5 55 27 6 10167 362 50 2 57 20 2 
5 Tivat 14058 6592 138 24 1 28 9 1 6756 158 41 2 46 6 2 
8 Budva 19255 11283 249 69 4 110 26 5 11913 278 86 4 113 22 5 
9 Bar 42128 17566 366 100 3 135 20 3 17456 418 92 5 171 48 5 

10 Ulcinj 19959 7399 177 67 2 88 15 2 7213 157 52 0 62 10 0 
1 = accidents only with damage; 2 = injury accidents; 3 = fatal accidents; I = slight injuries; II = serious injuries; III = fatal injuries 
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Table 2 Risk band thresholds (2 years assessment period) 

Annual average values for demographic risk rang thresholds (Me 
for accidents and injuries retrospectively: Meac=619.91; 
Mein=103.94) and traffic risk rang (Meac =195.18; Mein =37.64) 
for two-years data period is presented in Table 2. Demographic 
risk was shown as weighted number of accidents and injuries per 
100,000 inhabitants; while traffic risk was shown as weighted 
accidents and injuries per 10,000 registered vehicles. Risk rate 
maps for those are presented on Fig. 1 and Fig. 2. 
 

Critical zones were north and central municipalities, especially 
13 (Kolasin) and 16 (Pluzine) where both, demographic and 
traffic risk were twice as high as average. High risk rates are also 
recorded in municipalities: 8, 14, 15, 16, 17, and 21. The lowest 
risk of being involved in accidents or injured in it, were in 
municipalities 4 (Pljevlja) and 18 (Berane). It can be observed 
that there are a large number of municipalities defined as ‘high 
risk’. Therefore, it’s not surprising that on Montenegro roads 75 
black spots have been identified during Black Spot Management 
programme, where 18 have been alarming, mostly in municipalities 

identified as very risky. To understand picture of road safety in 
Montenegro it should be noted that the large number of tourists’ 
vehicles were involved in traffic flow during summer season. 
That’s reason why smaller municipalities (with small number of 
registered vehicles: municipalities No 14, 15, 20, 21 on figs) were 
with ‘high’ rang when observing traffic risk. Also, those were 
municipalities with main and regional roads. One of the reasons 
for bad road safety situation in Montenegro is inapproachable 
(rough) terrain. Main road, from north border (with Serbia) to 
capital city (Podgorica) and seaside, is through canyon. The 
quality of road network in Montenegro, as well as transport 
safety will be enhanced with the construction of two highways 
Bar-Boljare and Jadransko–Jonski highway, in accordance with 
Transport Strategy of Montenegro. 

Figure 3 and figure 4 presents change of demographic and traffic 
risk from 2013 to 2014. Risk for 2013 is presented on the left 
side of contour of municipality and risk for 2014 on the right side 
of municipality. It can be observed that in most cases there was 
impairment of road safety. Like in following municipalities: 5, 7, 
12, 15, 19, and 20. In few municipalities improvement of road 
safety has been recorded: 6, 10, and 11. However, this was more 
a coincidence rather than progress due to undertaken measures. 
The most critical zones stayed critical during both years 
 
 
 
 
 
 
 
 
 

 

  
                           Accidents per 100,000 inhabitants                                                      Injuries per 100,000 inhabitants                                                                            

Figure 1 Demographic risk rate for assessment period 
 

Risk level 
Demographic risk Traffic risk Range 

(color) Accidents Injured Accidents Injured 

2013-2014 

Low < 247.96 < 41.57 < 78.07 < 15.05  

Low-medium 247.96 to 
495.93 

41.57 to 
83.15 

78.07 to 
156.14 

15.05 to 
30.10  

Medium 495.93 to 
743.89 

83.15 to 
124.73 

156.14 to 
234.21 

30.10 to 
45.15  

Medium-high 743.89 to 
991.85 

124.73 to 
166.30 

234.21 to 
312.29 

45.15 to 
60.20  

High > 991.85 > 166.30 > 312.29 > 60.20  
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                       Accidents per 10,000 vehicles                                                              Injuries per 10,000 vehicles                 

Figure 2 Traffic risk rate for assessment period  
 
 

                           Accidents per 100,000 inhabitants                                                       Injuries per 100,000 inhabitants                                                     

Figure 3 Demographic risks changing in Montenegro from 2013 (left side of contours) to 2014 (right side of contours)
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                             Accidents per 10,000 vehicles                                                             Injuries per 10,000 vehicles                                                               

Figure 4 Traffic risks changing in Montenegro from 2013 (left side of contours) to 2014 (right side of contours) 

5. Conclusion  
In the last few decades, road safety has become a high priority in 
many governments’ policy-making, and is now a critical item on 
the political agenda. On the developing countries, such as 
Montenegro, the problem is even greater due to the growing 
number of cars, the poor quality of road projects and the lack of 
legislation related to driving and safety. As the absolute number 
of accidents cannot well reflect the road safety, the concept of 
relative risk indicator is proposed. Risk mapping, by its very 
nature, relies on the use of historic crash and/or traffic flow data, 
and shows the combined influence of behavior, road and vehicle. 
Here, analyses have been made of fatal and serious accidents 
occurring on the Montenegro road network during 2013 and 
2014. Mapping the risk occurs there is high difference in risk 
values between roads/municipalities which may reproduce false 
road safety picture. For the individual road user, it is important to 
understand both the role of the infrastructure and the role of their 
own behaviour in determining the risk they face on the road. It is 
important to recognize that not all roads can be managed to the 
same risk level, but at the same time to seek to keep the risk 
within acceptable bounds for those roads with the highest levels 
of risk. For the road provider, the most immediate need is to 
decide how best to improve the collective risk across the 
network, primarily in terms of how to spend available budgets 
most effectively.  
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Abstract:  The King david the Builder Kutaisi (Kopitnari) International Airport is located in the Black Sea region of the South Caucasus.  
The Airport’s strategic geographic position and further improvement of the infrastructure allow for its transforming into the regional hub for 
providing transport services to travelers.  
          In the 1980s, the flights from this airport were carried out as inside the country (Tbilisi, Sokhumi, Batumi, Mestia), so outside country 
as well (Moscow, St. Petersburg, Kiev). The Kopitnari Airport was opened after reconstruction in 2012. Its priorities are attraction to attract 
low-tariff airline companies and create a harmonic environment between the airline companies and airports. As of today, the flights from the 
Airport are carried out to Eastern Europe, Turkey and Russia. 
          The Airport has the capacity to carry out domestic flights for small tourist groups to: highland ski runs in Mestia; well-appointed 
Black Sea beaches in Batumi; wine tours in Telavi and so on. Proximity to the trunk railroad and motoring highway are the opportune 
occasions to form the Kopitnari Airport as a synergic transport system.  
           Besdies, the Airport’s proximity to the Rioni River can be used for organizing there the short tour of the so-called “Travel of 
Argonauts to Kolkheti”, which was passed by the well-known traveler Tim Severin by his oared boat named “Argo” in 1984, and the place 
where he finally dropped anchor was near the Kopitnari Airport.  
KEY WORDS:  AIRPORT KOPITNARI; TOURIST TRANSPORT SERVICES; SYNERGIC TRANSPORT SYSTEM. 

 
 

1. Introduction 
 

Kutaisi International Airport is also known as the King David 
the Builder KutaisiInternational AirportKopitnari. The Airport is 
located 14 km west of Kutaisi. It is one of three Georgian 
international airports, along with Tbilisi and Batumi international 
airports. The Airport is equipped with the highest quality navigation 
and meteorological observation systems, the length ofits takeoff 
field is 2 600 meters and completely meets modern standards.   

Since the 1970s, the flights are realized from the Airport in 
both directions inside (Tbilisi, Sokhumi, Batumi, Mestia) and 
outside the country on the long-distance routes (Moscow, St. 
Petersburg, Kiev).Kopitnari Airport was reopened after 
reconstruction on September 27, 2012. Officialreopening ceremony 
was attended by representatives of governments of Georgian and 
Hungary, as well as by Chief Executive Officer of the airline 
company Wizz Air. After reconstruction, the first plane arrived in 
the Airport was cargo Boeing 747 [1, 2]. 

Kutaisi International Airportis aimed at attracting the low-tariff 
airline companies and creating a competitive environment. The 
affordable air ticketprice makes Georgia an active tourist zone and 
allows passengers for traveling in different directions for a friendly 
price.     
 
 
2. Preconditions and means for resolving the problem 
 

Due to its geopolitical location, the Airport is of highest 
importance for the Black Sea region of the South Caucasus. Kutaisi 
International Airport located 200 kilometers from Tbilisi, within 
300-km radius links with Turkey, Armenia, Azerbaijan, Ukraine 
and Russia. Due to favorable climatic conditions and infrastructure, 
the Kutaisi International Airport is an airport standby. The Airport 
has the capacity of controlling flights in all weather and visibility 
conditions.The Airport is capable of servicing 600 passengers 
simultaneously. It is also capable of accommodating and operating 
three flights simultaneously. Kutaisi International Airport is 
gradually becoming the country’s tourist airport owing to its 
location.Kutaisi is also interesting because of fact that the Imereti 
region of Georgia is gradually becoming a very attractive tourist 

region. The strategic goal of regional development is to ensure that 
the Imereti region is capable of hosting 2 million tourists by 2020.  
 The King David the Builder Kutaisi International Airport 
Kopitnari is owned and operated by the United Airports of Georgia 
Ltd of the Ministry of Economy and Sustainable Development of 
Georgia, which entered into a contract with the Hungarian airline 
company Wizz Air on establishing the base of this air company in 
Kutaisi in 2016 [3].  
 As a result of several years of the successfully concluded 
negotiations, the largest in Central and Eastern Europe low-tariff 
airline companyWizz Air is to house permanently one plane at the 
Kutaisi International Airport. The company owns 23 bases in all 
throughout the world, and the 24th base is to be opened in Georgia 
in the near future. This will be the first base ofWizz Air in the South 
Caucasus region. Since 2012, the Hungarian airline company Wizz 
Air performs flights to the Kutaisi International Airport, as a result 
of this basing, Kutaisi will become the first airport in the region 
with basing of low-tariff airline company that will contribute to 
increasing passenger flows and developing new directions [4].  
 

 
 
 Pic. 1. Kutaisi – Europe, the cheapest way to travel 
 

The airline company Wizz Air fleet comprises 65 aircrafts 
of A320 and A321 types airbuses. Currently, the company is 
represented in 23 airports and performs flights in 400 directions, by 
which it links 188 airports in 38 countries. As of 2015,the airline 
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company Wizz Air has carried 19,2 million passengers. In the same 
year, for the achievements it made, the airline company Wizz Air 
was acclaimed by the World Transport Magazine as the leading 
airline company.     

Since September 2016, the airline company Wizz Air 
plans to operate direct flights to such cities as Berlin, Munich, 
Milan, Dortmund, Thessaloniki, Larnaca and Sofia. The first flight 
will be carried out on September 23, and it will include Kutaisi-
Berlin and Kutaisi-Munich directions. The flights to Thessaloniki, 
Larnaca and Sofia are planned to be carried out on September 24, 
the flights Kutaisi-Milan and Kutaisi-Dortmund will be operated on  
September 26.  

The flights to six European cities will be operated twice a 
week, butthe flight  Kutaisi-Thessaloniki will be carried out three 
times. the cost of flights varies between 24.99 EUR and 39.99EUR.  

This in turn will contribute to the development of tourism 
sector in Georgia, as well as provide for Georgian citizens the new 
opportunities to travel cheaply to various European destinations.  

The Kopitnari Airport has the capacity to carry out 
domestic flights for the interested tourist groups to Mestia, Batumi 
and Tbilisi. 

Mestia Airport, which is also known as Queen Tamar 
Airport, is a local airport in Georgia, in Mestia municipality, in 
Mestia townlet, at an altitude of 1400 m above sea level. The 
Airport has a runway of sizes 850 m X 30 m. The type of the 
artificial surface is a cement-concrete.  

In winter, the Airport receives one motor airplane and 
small passenger planes with carrying capacity of 18 people. In 
summer, the Airport is capable of receiving planes with carrying 
capacity of 50 passengers.  

Mestia Airport joined them list of 10 amazing airports 
around the world. The designers of the web-page Novateput Mestia 
Airport on the list of the world’s amazing airports and even named 
it “a small Georgian miracle”.   
 

 

 
 

 

 

Pic. 2. Mestia Airport was put on the list of 10 most amazing 
airports around the world.  

The Mestai Airport terminal, which was designed by 
architect Jurgen Mayer Hermann, was put on the list of 10 most 
beautiful airports, which was drawn up by the British Broadcasting 
Corporation Ltd. (BBC). The Queen Tamar Airport is a kind of an 
analogue to the oldest towers of Svaneti [5]. 

Despite its small sizes, the Mestai Queen Tamar Airport is 
an impressive building, and it is the first one what impresses 
travelers arriving in this mountain region.  

 
 

 
 

Pic. 3.Mestia’s miracle – the oldest towers of Svaneti.  

Mestia is a mountain small town in northwest Georgia, at 
an elevation of 1,500 meters in the Caucasus Mountains. Mestia is 
located in the Samegrelo-ZemoSvaneti region, 128 km northeast of 
the regional capital of Zugdidi. 

Mestia town is dominated by stone defensive towers of a 
type seen also in Ushguli. A typical Svan fortified dwelling 
consisted of a tower, an adjacent house and some other household 
structures encircled by a defensive wall. 

Unique icons and manuscripts are kept in Mestia 
Historical-Ethnographic Museum. Mestia is also a center of 
mountaineer tourism and alpinism.  

When traveling from Kutaisi International Airport, 
travelers are provided with a new type of service, and they are 
serviced by new comfortable buses, by means of which they can 
safely travel Tbilisi, Batumi, Zugdidi, Mestia and Kazbegi. The 
mentioned buses convey also passengers in Kutaisi direction and 
bring them to the particular bus stops. Together with bus tickets, all 
travelers are provided with a booklet, which contains the bus 
departure timetable in accordance with a flight schedule. The points 
of departure are marked on the map contained in this booklet. Also, 
there is provided a twenty-four-hour hotline, where any information 
is available to travelersif they wish. According to this new service, 
minibuses are equipped with the necessary comfort: air-
conditioners, television sets, safety belts and passengers are 
provided with 1free bottle of drinking water. The specially trained 
bus drivers can communicate in foreign languages.  
    
 
3. Conclusion 

 
A convenient complex geographical location of the central 

railway and highway lines, autobahn under construction and Rioni 
River, allow the Airport for developing new tourist routes by using 
different modes of transport:  

1. The wine tours to East Georgia to the Kakheti region 
for those who like to travel by car – to the Telavi 
Airport by plane with a small carrying capacity, with a 
view to seeing the oldest grapes processing, wine-
making and storage technologies, and to taking part in 
these processin farm households; 

2. A special speleological tour to the caves in the Imereti 
region by comfortable minibuses with a view to 
performing the extreme speleological tours tothe 
adapted to be visited by tourists Kumistavi, Sataplia 
and Navenakhevi caves, as well as the still being 
unexplored caves of Tsutskhvati, Khreiti, Jruchi< 
Tabagrebi and others;   
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3. An extreme tour to the Khoni-Okatse canyon by 
minibus for thrill seekers and lovers of climbing;  

4. A historical-cognitive tour “In the footsteps of Travel 
of Argonauts to Kolkheti on the Rioni River” from 
Kopitnari to Poti and back – by small-size comfortable 
river boats. This section of the Rioni River was passed 
by the well-known traveler Tim Severin travelling 
from the Adriatic Coast  by his oared boat named 
“Argo” in 1984,and the place where he finally dropped 
anchor was near the Kopitnari Airport; 

5. Water touring on the Rioni River “From Racha to 
Imereti” – traveling by comfortable bus to Racha, then 
bringing small groups to the Rioni River by special-
purpose boating devices.  

With the purpose of expansion of sphere of tourist transport 
services, the Airport also has to seize the capacities of Georgian 
railway, which offer customers pleasant innovation. Since summer-
autumn 2016, travelers will have the opportunity to travel by Euro-
standard train of the Stadler Kiss model. A new train is equipped 
with ultra-modern safety systems, which completely meet European 
safety standards. This will be the first train in Georgia realities, 
which is completely adjusted to needs of disabled people.    

The train moves in the direction of the Black Sea resorts and 
back to Tbilisi without stops, except for only few stops at the some 
junction stations. These new trains will make traveling in a seaside 
region and capital city more comfortable for travelers that will 
contribute to the development of tourism.   

Preliminary studies of the mentioned tourist routes have 
shown that each of them is attractive to particular tourist groups, 
and to further increase their recognition, tour operators have to 
carry out larger-scale and more intensive advertizing activities.    
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Abstract: The present work related to air transport security and includes studies aimed at improving airport security systems to ensure an 
acceptable level of security by addressing a number of scientific - technical problems for adaptive management of complex integrated 
security tools. 
Предлагаемая работа относится к области безопасности воздушного транспорта и включает в свой состав исследования, 
направленные на совершенствование систем авиационной безопасности аэропорта с целью обеспечения приемлемого уровня 
безопасности путем решения ряда научно - технических задач по адаптивному управлению комплексной интеграцией средств 
авиационной безопасности.  
KEYWORDS: transport security, security systems, acceptable level, scientific - technical problems, adaptive management, complex 
integrated, security tools. 
 

Проблема обеспечения защиты гражданской авиации 
от несанкционированного вмешательства в ее деятельность в 
последние годы стала одной из важнейших. Особую значи-
мость приобретают террористические проявления, которые с 
каждым годом становятся все более изощренными. Террори-
стические организации и отдельные преступники хорошо фи-
нансируются, пользуются современными техническими сред-
ствами нападения, достаточно хорошо обучены и постоянно 
обновляют методы реализации актов незаконного вмешатель-
ства. 
 В этих условиях требуется адекватная реакция соот-
ветствующих органов защиты, упреждающая негативные про-
явления. При этом необходимы новые методы и средства обес-
печения защиты гражданской авиации и, в частности, аэропор-
тов от несанкционированного вмешательства. 
 Авиационная безопасность (АБ) определяется как 
состояние защищенности авиации от актов незаконного вме-
шательства в деятельность в области авиации. Обеспечение 
авиационной безопасности осуществляется в рамках государ-
ственного регулирования этой деятельности путем реализации 
совокупности правовых и организационных мер, направленных 
на предотвращение и пресечение противоправных действий в 
отношении гражданской авиации. Практическая реализация 
этих мер связана с разработкой и внедрением систем авиаци-
онной безопасности объектов гражданской авиации, представ-
ляющих собой эргатические комплексы, включающие сложную 
техническую компоненту.  

 Современные системы авиационной безопасности 
являются интегрированными. Такие системы прошли путь 
развития от простого объединения технических средств защи-
ты на единой платформе до комплексных, автоматизированных 
систем, имеющих высокий уровень аналитики и развитую 
структуру сбора и обработки информации. В данной работе 
предлагается оригинальный подход к созданию систем авиаци-
онной безопасности аэропортов, основанный на методах адап-
тивного управления процедурами интеграции технических 
средств защиты объекта гражданской авиации с использовани-
ем теории квалиметрии и системотехники.  
 Проблемы обеспечения авиационной безопасности 
вытекают из целевой функции системы. Сегодня эта задача 
решается в области создания интегрированных систем защиты, 
при этом интеграция понимается на различных уровнях: от 
интеграции на единой платформе, определяемой элементной 
базой, до интеграции на основе комплексирования информаци-
онно – управляющих сигналов (Рис.1). При всех успехах разви-
тия систем авиационной безопасности в указанном направле-
нии нельзя не отметить две важные, не решенные задачи, а 
именно: современные системы статичны, т.е. они реагируют на 
изменения внешней среды (угроз) путем выполнения заранее 
определенных алгоритмов, соответствующих выявленным 
угрозам, не изменяя свою структуру (проблема динамической 
интеграции); вторая задача связана с понятием уязвимость 
объекта, которое сегодня используется только на этапах пред-
проектного анализа структуры аэропорта (проблема уязвимо-
сти). 
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Уязвимость - это степень защищенности ОТИ и ТС 

от несанкционированного вмешательства в их деятельность, 
а оценка уязвимости ОТИ и ТС - определение степени их 
защищенности.  

Обеспечение авиационной безопасности аэропорта 
строится на основе анализа соотношения между уровнем 
угроз и уровнем защиты от этих угроз, что отображается в 
форме уязвимости объектов защиты. В таком случае уязви-
мость должна быть представлена в виде соответствующей 
модели, допускающей количественную оценку ее парамет-
ров, для чего модель строится на основе модели угроз и 
модели защиты. Авторская концепция уязвимости и разрабо-
танная на этой основе методика базируются на модели уяз-
вимости аэропорта (Рис.2). 

Предлагаемая концепция основана на квалиметри-
ческих методах оценки и использует аналогию понятий 
качество и уязвимость: и то и другое есть степень соответ-
ствия между требованиями и реальными характеристиками. 

Модель уязвимости включает модель объекта за-
щиты, формируемую как совокупность моделей, объединен-
ных в модель угроз и совокупность моделей, объединенных 
в модель защиты. Тогда параметры модели уязвимости, 
представленной в квалиметрическом формате через модель 
качества, оцениваются количественно и используются в 
модели интеграции технических средств защиты аэропорта 
для адаптивного управления интеграцией.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Объект защиты 
Система противоправной  

деятельности 

Система защиты 

 объекта 
Противостояния Угрозы 

Динамика параметров 

защиты 

 Аналитика  Динамика  

параметров угроз 

Изменение структуры и 

параметров ИСАБ 
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 Динамическая  

интеграция 

Рисунок 1. К понятию динамическая интеграция. 
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Рисунок 2. Структурно - логическая модель уязвимости аэропорта. 

  
 
 
 
 
 
 
Критический элемент (КЭ)–это элемент объекта, АНВ 

в отношении которого приводит к полному или частичному 
прекращению его функционирования и/или возникновению 
чрезвычайных ситуаций. Каждому КЭ ставится в соответствие 
показатель качества ПККЭ. Для каждого КЭ могут быть сфор-
мулированы соответствующие требования – А1÷ Аm. С другой 
стороны, модель защиты обеспечивает средства защиты В1÷ 
Вm, которые должны удовлетворять указанным требованиям. В 
рамках рассматриваемой процедуры проводится экспертная 
оценка степени соответствия средств защиты предъявляемым 
требованиям, в результате чего получается совокупность коли-

чественных оценок показателей качества АВ1÷ АВm. Указан-
ные оценки комплексируются, шкалируются и представляются 
в виде количественного значения показателя качества ПККЭ, 
относящегося к исследуемому критическому элементу. Анало-
гичная процедура проводится в отношении всех критических 
элементов объекта. Таким образом, в результате выполнения 
процедуры оценки уязвимости объекта будет получена номен-
клатура показателей качества всех критических элементов 
объекта, которая является моделью качества. В аналитической 
форме модель качества описывается схемой свертки, включа-
ющей весовые коэффициенты: 

  

Д                                  

                                          (4) 
.............................. 

           …………………………………………………                                                                                                           
                                         

 

             
               ...................................... 
                                    и т. д.    
 
   Результаты реализации процедуры оценки достоверности обнаружения негативных событий представлена на Рис. 3. 
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Рисунок 3. Статистическая коррекция вероятности обнаружения 

 
ЗАКЛЮЧЕНИЕ 

  
 Сформулированы основные проблемы обеспечения 
авиационной безопасности аэропортов на современном этапе: 
проблема актуализация номенклатуры средств защиты аэро-
порта и оптимизации связей между ними, т.е. проблема опти-
мизации организационной структуры системы защиты; про-
блема динамического управления структурой системы обеспе-
чения авиационной безопасности аэропорта, т.е. проблема 
динамической интеграции; проблема «человеческого фактора», 
когда баланс между человеческой и технической компонентами 
должен быть оптимальным для данных условий эксплуатации 
системы, т.е. соотношение указанных компонентов должно 
регулироваться, а система должна быть адаптивной.  
  Разработаны научно – методические основы процедур 
динамической интеграции средств обеспечения авиационной 
безопасности аэропорта, в основе которых лежит понятие уяз-
вимость объектов транспортной инфраструктуры и транспорт-
ных средств, определяющее степень защищенности объекта от 
несанкционированного вмешательства, и понятие динамиче-
ской интеграции, связанное с динамическими характеристика-
ми и параметрами угроз безопасности аэропорта, что предпола-
гает адекватную реакцию системы защиты аэропорта на эти 
угрозы путем управления структурой, характеристиками и 
параметрами системы обеспечения авиационной безопасности.  
 Полученные результаты дают возможность: Реализо-
вать адаптивное управление уровнем авиационной безопасно-
сти аэропорта, соответствующее уровню действующих угроз. 
Повысить точность управления уровнем авиационной безопас-
ности аэропорта за счет использование количественных оценок 

параметра управления в виде качества технических средств 
защиты. Обеспечить управляемую динамическую интеграцию 
совокупности технических средств защиты аэропорта за счет 
перестройки структуры этих средств на основе количественных 
оценок уязвимости. Обеспечить адекватное соответствие пара-
метров системы авиационной безопасности аэропорта требова-
ниям нормативных документов, включая стандарты и практику 
ИКАО, с учетом динамики их изменения. 
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Abstract: On basis of hierarchical dependence of the locomotive fleet use indices and matrix approach, influence of the parameters, 
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daily locomotive run) is determined. 

Main factors influencing locomotive turnover (speeds and downtime at intermediate stations) and their ratio in time against 
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1. Введение 
Работа железнодорожного транспорта в новом 

формате хозяйственной деятельности предъявляет повышенные 
требования к организации всех видов экономической 
деятельности по рациональному использованию основных 
средств, в том числе подвижного состава. 

В справочнике основных показателей работы 
железных дорог Украины, который издается Укрзализныцей 
каждый год приводится анализ отдельных показателей за 10 
последних лет, в том числе и качественных показателей 
подвижного состава без учета зависимости и определения 
факторов, влияющих на конкретный показатель. 

Именно поэтому возникает необходимость в 
определении влияния каждого показателя на 
производительность локомотива, который является 
комплексным, интегральным показателем, характеризующим 
эффективность использования локомотивного парка. 

 
2. Предпосылки и средства для решения 

проблемы 
Анализ исследований показал, что такие ученые как 

Мачерет Д.А., Кулаев Ю.Ф., Пасечник В.И. и другие в своих 
научных трудах обосновывали зависимость качественных 
показателей и их влияние на эффективность использования 
подвижного состава. 

Последнее обусловливает проведение дальнейших 
исследований по эффективености использования подвижного 
состава, установление иерархической зависимости и 
определение комплексного показателя эффективности 
использования локомотивного парка ПАО «Укрзализныця». 

 
3. Решение рассматриваемой проблемы 
Интенсивность работы локомотивного парка 

оценивается рядом качественных показателей, которые 
содержат измерители использования локомотивов по мощности 
и измерители использования локомотивов по времени и 
пробегом [1, 3]. 

Иерархическая зависимость этих показателей показана 
на рис.1 [2. 6].  

 

 
 

 

 

 

 

 

 

 

 
 
 
 
Рис. 1. Зависимость показателей использования 

локомотивного парка 
Где: 
Ев – производительность локомотива; Qбр – вес поезда 

брутто; Qт – вес тары; Qнт – вес поезда нетто; Рдр – 
динамическая нагрузка вагонов рабочего парка; т – состав 
поезда; Sл – показатель среднесуточного пробега; tдв – время 
локомотива в движении; tпр.ст – время пребывания на 
промежуточных станциях; tст прип – время на станции 
приписки; tсм бриг – время смены локомотивных бригад; β – 
доля вспомогательного пробега локомотива от пробега в голове 
поезда,%; L – расстояние в движении; Ол – оборот локомотива. 

Из рис.1 видно, что самым высоким уровнем 
зависимости является показатель производительности 
локомотива, который интегрирует все показатели низших 
уровней и является комплексным показателем использования 
локомотивного парка. 

На производительность локомотива влияют средний 
вес грузового поезда брутто, среднесуточный пробег 
локомотива и коэффициент вспомогательного пробега 
локомотива. 
(1) Ел = Qбр ⋅ Sл (1 – β), 

где  Qбр – средний вес грузового поезда брутто; 
Sл – среднесуточный пробег локомотива; 
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β - коэффициент вспомогательного пробега 
локомотива. 
Показатели использования локомотивного парка за 

1991-2014 гг. представлены в табл.1 [4]. 
 
Таблица 1. Показатели использования локомотивного 

парка за 1991-2014 гг. 

Го
ды

 

Наименование показателей 

Ев
, т

км
 

бр
ут

то
 

Q
бр

, т
он

н 

Q
нт

, т
он

н 

m
, в

аг
он

 

Sл
, к

м 

β 
1991 986260 2974 1784 49,7 391,0 0,16 
1992 962306 2955 1773 49,3 388,0 0,16 
1993 958103 2928 1757 48,9 395,0 0,19 
1994 974022 2998 1799 50,1 395,8 0,18 
1995 1047653 3126 1909 51,9 410,3 0,18 
1996 1036649 3079 1848 52,0 418,3 0,20 
1997 1083503 3128 1889 52,5 826,0 0,19 
1998 1104096 3166 1917 53,3 437,0 0,20 
1999 1094830 3174 1927 53,4 436,7 0,21 
2000 1127250 3211 1953 54,0 441,0 0,20 
2001 1161569 3225 1949 54,1 456,3 0,21 
2002 1212117 3268 1979 54,3 462,4 0,20 
2003 1246787 3281 1994 54,5 465,9 0,18 
2004 1283747 3297 2016 54,3 477,6 0,18 
2005 1281583 3293 2018 54,5 474,8 0,18 
2006 1331177 3328 2049 55,0 483,0 0,17 
2007 1154282 3308 2053 54,1 424,4 0,18 
2008 1194313 3310 2050 54,4 435,8 0,17 
2009 1262627 3369 2055 56,4 459,2 0,18 
2010 1301659 3430 2108 56,2 464,1 0,18 
2011 1320751 3412 2090 56,1 466,0 0,17 
2012 1374580 3417 2055 55,9 479,5 0,16 
2013 1423198 3423 2072 55,5 496,8 0,16 
2014 1446482 3437 2099 55,5 500,8 0,16 

         продолжение табл.1 

Го
ды

 

Наименование показателей 

V
уч

, к
м/

ч 

V
те

х,
 к

м/
ч 

Tд
в,

 ч
 

tп
р 

ст
., 

ч 

tс
т 

пр
ип

, ч
 

tс
м 

бр
иг

, ч
 

1991 31,7 42,2 10,2 2,44 2,93 1,32 
1992 31,8 41,8 10,6 2,44 2,93 1,31 
1993 32,4 41,2 11,0 2,42 2,99 1,33 
1994 32,5 40,1 11,1 2,43 3,04 1,36 
1995 31,2 38,5 11,13 2,41 3,17 1,41 
1996 31,2 37,6 11,58 2,25 2,97 1,35 
1997 31,6 38,7 11,78 2,16 2,90 1,29 
1998 32,4 38,3 11,84 2,05 2,87 1,26 
1999 1 37,9 12,00 2,04 2,93 1,20 
2000 4 38,4 11,98 2,07 2,90 1,30 
2001 33,9 39,6 11,99 1,90 2,81 1,13 
2002 34,5 40,5 11,90 1,96 2,77 1,18 
2003 34,8 41,1 11,83 2,05 2,58 1,07 
2004 35,5 41,6 11,99 1,95 2,49 1,22 
       

продолжение табл.1 
2005 35,2 41,3 12,06 1,94 2,47 1,28 
2006 35,8 42,0 12,07 1,96 2,35 1,32 
2007 36,1 42,5 10,40 1,71 3,74 1,22 
2008 36,8 42,9 10,59 1,66 3,59 1,03 
2009 38,6 44,0 10,98 1,41 3,39 0,94 
2010 38,8 44,5 11,08 1,48 3,26 0,90 
2011 38,6 44,5 11,10 1,57 3,19 0,89 
2012 38,8 44,8 11,27 1,63 2,88 0,89 
2013 39,2 45,3 11,57 1,53 2,51 0,88 
2014 39,5 45,0 11,62 1,67 2,37 0,91 

 
4. Результаты и дискуссия 
Из показателей (табл.1) видно, что 

производительность локомотива за период 1991-2014 гг. имеет 
положительную динамику: увеличение почти в 1,5 раза 
(+46,7%). 

За это время вес поезда брутто и среднесуточный 
пробег локомотива увеличились соответственно на 15,6% и 
28,1%. 

Вместе с этим за аналогичный промежуток времени 
эксплуатационный грузооборот железных дорог Украины 
наоборот уменьшился - в 1,5 раза (рис.2.)  

 
млн. ткм 
нетто 

 
Рис. 2. Динамика эксплуатационного грузооборота 
 
Следует отметить, что производительность 

локомотива и грузооборот имеет следующую зависимость: 

(2) , [5] 

где    –сума ткм брутто в среднем в сутки; 
 М - рабочий парк локомотивов. 

Таким образом, противоречия между ростом 
производительности локомотива и уменьшение грузооборота 
компенсируется уменьшением рабочего парка локомотивов в 
2,4 раза (1991 гг. - 5010 лок., в 2014 гг. - 2094 лок.). 

Доминирующей тенденцией уменьшения рабочего 
парка локомотивов является увеличение веса электрической 
тяги в общем грузообороте. Так, объем грузооборота 
электрической тягой в 2014 году достиг уровня 91,2% 
(наибольший уровень по Юго-Западной железной дороге 
96,7%), при 61,9% в 1991 году. А это в свою очередь повлияло 
на рост технической и участковой скорости. 

Динамика скоростей поездов приведена на рис. 3. 
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Рис. 3. Динамика участковой и технической скоростей поездов 

Рассмотрим соотношение участковой и технической 
скоростей за 1991-2014 годы (табл. 3). 

 
Таблица 3.Соотношение участковой и технической скоростей за 

1991-2014 гг. 
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1991 42,2 31,7 0,75 10,2 2,44 0,24 
1992 41,8 31,8 0,76 10,6 2,44 0,23 
1993 41,2 32,4 0,79 11,0 2,42 0,22 
1994 40,1 32,5 0,81 11,04 2,43 0,22 
1995 38,5 31,2 0,81 11,13 2,41 0,22 
1996 37,6 31,2 0,83 11,58 2,25 0,19 
1997 37,7 31,6 0,84 11,78 2,16 0,18 
1998 38,3 32,4 0,85 11,84 2,05 0,17 
1999 37,9 32,1 0,85 12,00 2,04 0,17 
2000 38,4 32,4 0,84 11,98 2,07 0,17 
2001 39,6 33,9 0,86 11,99 1,90 0,16 
2002 40,5 34,5 0,85 11,90 1,96 0,16 
2003 41,1 34,8 0,85 11,83 2,05 0,17 
2004 41,6 35,5 0,85 11,99 1,95 0,16 
2005 41,3 35,2 0,85 12,06 1,94 0,16 
2006 42,0 35,8 0,85 12,07 1,96 0,16 
2007 42,5 36,1 0,85 10,40 1,71 0,16 
2008 42,9 36,8 0,86 10,59 1,66 0,16 
2009 44,0 38,6 0,88 10,98 1,41 0,13 
2010 44,5 38,8 0,87 11,08 1,48 0,13 
2011 44,5 38,6 0,87 11,10 1,57 0,14 
2012 44.8 38,8 0,87 11,27 1,63 0,14 
2013 45,3 39,7 0,88 11,57 1,53 0,13 
2014 45,6 39,5 0,87 11,62 1,67 0,14 

Результаты табл.3 показывает, что за период 1991-2014 
гг., участковая скорость увеличилась на 7,8 км / ч при 
увеличении технической скорости на 3,4 км / ч. 

 
5. Заключение 
Прогрессивная динамика соотношения участковой и 

технической скоростей является свидетельством повышения 
эффективности работы железнодорожного транспорта Украины. 
Ускоренный рост участковой скорости по отношению к 
технической достигается за счет сокращения простоев поездов 
на промежуточных станциях, обеспечивает увеличение 
среднесуточного пробега и производительности локомотива. 

За этот промежуток времени рост удельного веса 
электрической тяги в общем грузообороте способствовал 
повышению веса грузового поезда, адекватно повлияло на 
повышение производительности локомотива. 
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1. Въведение: 
Транспортът оказва силно влияние върху развитието на 

икономика  и има важна роля за задоволяване на съвременните 
обществени потребности. Също така е важен елемент от 
високото качество на живот, тъй като осигурява достъп до 
различни места.. Освен ролята на пряк участник, транспортната 
промишленост сама по себе си представлява важна част от 
икономиката:  Тя генерира около 5 % от БВП, много 
европейски предприятия са световни лидери в областта на 
инфраструктурата, логистиката, системите за управление на 
трафика и производството на транспортно оборудване. 
Инвестициите в транспортната инфраструктура ускоряват 
икономическия растеж, създават благосъстояние, улесняват 
търговията, географската достъпност и мобилността на 
гражданите. Едно от най-големите предизвикателства пред 
транспорта е да се намали въздействието върху околната среда 
без да се засяга неговата ефективност. Водният и 
железопътният транспорт са особено подходящи за тази цел, 
както се наблюдава навсякъде по света. Подобряване 
опазването на околната среда може да се постигне с 
технически, експлоатационни и организационни мерки. Опитът 
на европейските страни показва, че е възможно да се създадът 
мощни транспорти системи с високи екологични показатели. За 
успешното решаване на екологичните проблеми е необходима 
ясна организация на дейността по опазване на околната среда 
във всички звена. Това обаче може да стане само след като 
започне да се работи сериозно в тази насока, като се изяснят 
всички източници на замърсяване и се започне периодично да 
се извършват необходимите замервания на вредните вещества, 
замърсяващи околната среда. Във всички администрации, тази 
работа се извършва от собствени лаборатории или 
акредитирани такива. Основните трудности в дейността по 
опазване на околната среда не са свързани с особеностите на 
конкретните екологични проблеми или отсъствието на 
технически решения, а с недостига на финансови средства, 
липсата на перспективни организационни мероприятия и 
недостатъчната информираност на ръководния персонал. 

2. Железопътен транспорт: 
Железопътният транспорт е екологично най-безопасен. За 

използването на това предимство, както и за устойчивото 
развитие на транспортната система е необходимо  опазването 
на околната среда. Основните приоритети при опазването на 
околната среда в железопътния транспорт са в сферата на: 

- опазване на въздуха (тук е необходима системна 
инвентаризация на източниците на замърсяване и 
усъвършенстване на контрола). Основни източници на 
въздушно замърсяване са дизеловите локомотиви и пътно-

ремонтните машини. Установено е, че по количеството 
изхвърляни вредни газове един дизелов локомотив се равнява 
на 10-15 тежкотоварни автомобили. Основните токсични 
вещества, които се съдържат в отработените газове от 
дизеловите локомотиви са главно окиси на серни, азотни и 
въглеродни окиси, въглеводороди и алдехиди. От друга страна, 
пътно-ремонтните машини изхвърлят годишно в атмосферата 
вредни вещества в размер 58 кг/км.. Шумът от машините на 
разстояние 25 м. е 80 – 85 дБа. Вредното влияние от работата 
на машините се неутрализира частично от насажденията. 
Установено е, че 1 хектар насаждения очиства до 18 милиона 
куб.м. въздух от вредни газове и прах. Насажденията 
локализират йоните на тежките метали и нефтопродуктите в 
кореновата си система и препятстват тяхната миграция в 
подпочвените води.  

- опазване на водните ресурси (осъществяване на постоянен 
мониторинг на водата; строителство на нови, модерни 
съоръжения за пречистване, недопускане замърсяване на жп 
инфраструктурата; усъвършенстване механизмите на 
финансова поддръжка, законодателно и държавно 
стимулиране, развитие на водопроводно - канализационна 
система на предприятията на жп инфраструктурата); 

- опазване на почвата (картотекиране на старите замърсявания; 
инвентаризация на източниците на замърсяване; създаване на 
ведомствен контрол за наблюдение на източниците на 
замърсяване; строг контрол върху средствата и технологиите за 
химически вегетационен контрол на растителността по жп 
линиите и разработка на мероприятия и превантивен контрол 
по премахването и); 

- управление на отпадъците (провеждане на паспортизация на 
местата на отделяне и складиране на отпадъци; осигуряване на 
техническа и технологическа реконструкция с цел намаляване 
до минимум на производствените отпадъци; разработка и 
внедряване на технологии за вторична преработка и повторно 
използване на отпадъци и механизми за икономическо 
стимулиране; обезпечаване рекултивацията на почвата след 
отстраняване на отпадъците). 

 

От железопътния транспорт ежегодно се образуват голямо 
количество твърди битови и производствени отпадъци, 
значителна част от които се натрупват на територията на 
железопътната инфраструктура. Направените проучвания 
сочат, че твърдите отпадъци от железопътните предприятия се 
състоят от негодни дървени траверси (67%), нефтопродукти 
(18%), твърди битови отпадъци (8%), замърсена почва (5%), 
отработени масли (1%) и утайки от биологически 
пречиствателни съоръжения (1%). Тук не са включени 
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отсевките от ремонта на железния път, които не са никак малко 
(около 2 м3 на 1 линеен метър, т.е. около 100 хил.м3 за година). 
Имайки предвид, че основната част се изхвърля по трасето, 
можем да си дадем сметка за огромното замърсяване от превоз 
на товари, нефт и нефтопродукти, прах, пясък ,Fe (от изтриване 
на релсите), биологични отпадъци (растителност) и фекалии. 
Необходимо е : 

- намаляване на шумовото замърсяване (провеждане на 
мониторинг за акустично замърсяване; внедряване на нови 
решения по използването на звукоизолиращи и 
звукопоглъщащи материали, както и изграждането на 
противошумни зелени екрани; внедряване на рационални 
способи за планиране ограничаването на строителството в 
неблагоприятни райони); 

- ограничаване на електромагнитното влияние (инвентаризация 
на източниците на електромагнитно поле и внедряване на 
мероприятия по надзор на електромагнитното влияние; 
създаване на санитарно-защитни зони; внедряване на локална 
защита); 

- редуциране на радиационно влияние (отчитане източниците 
на йонизиращи излъчвания; ведомствен радиологичен контрол 
на източниците на йонизиращи излъчвания; организационни и 
инженерно–технически мероприятия, преди всичко при 
осъществяване на проектно-строителни работи и при работа с 
източници на йонизиращи излъчвания).[1] 

За преодоляването на тези негативни въздействия на 
железопътния транспорт върху околната среда, помагат, 
заемащите площ от около 50 000 дка, над един милион броя 
дървета и храсти, разположени в различни по вид и 
предназначение насаждения. Всички те са свързани пряко с 
техническата устойчивост на железния път и съоръженията към 
него, като на тази основа удовлетворяват и изискванията за 
единство с околната среда. По-широкото развитие на 
защитните и социални функции на зелените масиви и тяхното 
противопоставяне на отрицателното въздействие от 
железопътния транспорт е от особено значение както за 
сигурността на движението, така и за цялостното подобряване 
на екологичната обстановка, която е връзката между 
железопътните линии и природния ландшафт. 

Железопътната инфраструктура включва и 
телекомуникационна и осигурителна техника, които се 
използват с цел повишаване сигурността и безопасността на 
превозите. Във връзка с това се прилага Европейска система за  
управление на железопътния трафик (ERTMS), която 
обединява две системи: Европейска система за управление на 
влаковете (ECTS) и  Глобална система за мобилни 
комуникации – железници (GSM – R).Усъвършенстването на 
железопътната инфраструктура е свързано и с повишаване 
скоростите на движение. Средната скорост на движение на 
влаковете у нас е под 90 км/ч, което е крайно незадоволително 
спрямо  европейските стандарти и изисквания. В железопътния 
транспорт системите за контрол, управление и сигнализация, 
както и за управление на движението, все още често са 
несъвместими между държавите-членки и представляват една 
от причините, поради които границите все още са голяма 
пречка и възпрепятстват развитието на железопътния 
транспорт в Европа. Това води до създаването на Европейската 
система за управление на железопътното движение (ERTMS). 
Понастоящем ERTMS обхваща два основни компонента: 

– GSM-R — радио система, използвана за обмен на гласова 
информация  и данни между коловоза и влака, 
– ETCS — Европейска система за контрол на влаковете, 
хармонизираща системите за контрол на скоростта, 
отклоненията от които в днешно време представляват един от 
основните технически проблеми за влаковете, които се движат 
по международни маршрути. Тя се състои от бордови и пътен 
модул. Системите за сигнализация осигуряват значителни 
икономически преимущества, тъй като позволяват на повече 

влакове да се движат безопасно по даден участък от коловоза, 
отколкото би било възможно с други методи за безопасна 
експлоатация. ERTMS ще замести множеството несъвместими 
системи, които понастоящем съществуват в европейската 
мрежа, с една система, която е по-модерна, по-
усъвършенствана, по-безопасна и съвместима на равнище ЕС. 

 

3. Морски транспорт: 
Морският транспорт представлява повече от една трета от 

цялата товарна транспортна дейност в ЕС. Корабоплаването и 
пристанищните дейности могат да причинят сериозни 
проблеми свързани със замърсяването на водите в 
пристанищните райони. Баластните и водите от измиването на 
кораби, боите, използването и изпускането на нефт и 
нефтопродуки са източници на значително замърсяване на 
водите. Инцидентните разливи на нефт и нефтопродукти. 
Генерираните отпадъци от корабите и от товаро - разтоварните 
дейности в пристанищата са също значителен източник на 
замърсяване в пристанищните райони. Съществуващите 
съоръжения за  приемане на отпадъци  и инсинераторите са 
остарели и в повечето случаи са износени и  се нуждаят от 
обновление и реконструкция. Екологичните отговорности на 
различните пристанищни организации за мениджмънт на 
отпадъците не са точно дефинирани според законодателството. 
Влиянието на петрола върху морските и океанските екосистеми 
зависи от множество фактори: вида петрол, разлятото 
количество, разстоянието на разлива от брега, годишното 
време, метеорологичните условия, океанските течения и др. 
Летливите органични въглеводороди в петрола убиват 
незабавно голямо количество морски организми. Голяма част 
от тези токсични химикали се изпаряват в топлите води за един 
ден, а в студените се задържат до седмица. Други химикали 
образуват катраноподобни мръсни петна, плуващи на 
повърхността. Те полепват по перата на птиците - гмуркачи и 
по кожата на морските животни и разрушават тяхната 
естествена температурна изолация. Много от тези видове 
умират от поглъщането на петрол при опити да се почистят от 
него, или пък вследствие на загуба на телесна топлина. 
Препаратите, които се използват за разлагане на петрола, могат 
да причинят по-големи щети на морските обитатели, отколкото 
самия петрол. Метали се изхвърлят в морската околна среда от 
различни източници - повечето от тях се вливат чрез реките 
или попадат пряко от атмосферата. Метали съществуват 
естествено разтворени в морската вода в малки концентрации в 
редки изключения не представляват заплаха за морските 
организми. Когато тежките метали навлязат в морето, те се 
трансформират по химичен път. Оловните соли и живакът се 
свързват с метана в по - отровни форми. Други опасни 
елементи са арсен, кадмий, селен и цинк. В таблица 1 са дадени 
източниците на замърсяване с петролни продукти в морската 
среда: 

 
Таблица 1 

Цели на Европейската Крайбрежна Охрана:: 
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- Осигуряване на информация за проблемите и опасностите за 
крайбрежието и подпомагане с експертна помощ 
обществеността, желаеща да се включи в дейностите по 
опазване и възстановяване и устойчиво развитие и управление 
на крайбрежието.  

- Подготовка и събиране на материали и информация, отчитане 
и сравняване на получените резултати с политиката и 
законодателството. 

- Събиране на данни за Европейското Крайбрежие за 
използване от местни общности, органи на властта, 
правителства и изследователски организации. 

- Повишаване на осведомеността и ангажираността на всички 
заинтересовани страни за крайбрежните ресурси. 

- Подпомагане на екологичното образование. 

През последните години значително се доразвиват и 
подобряват  стандартите по безопасност в морския транспорт. 
Безопасността в открито море, защитата на пасажерите, 
членовете на екипажа, морската среда и крайбрежните региони 
са основни приоритети. Като се има предвид глобалният 
характер на морския транспорт, Международната морска 
организация (MМО) разработва еднородни международни 
норми. Към основните международни споразумения спадат 
Конвенцията за предотвратяване на замърсяването от кораби 
(MARPOL), Международната конвенция за безопасност на 
човешкия живот на море. Непрекъснатото подобряване на 
ефективността и на капацитета на инфраструктурата на 
морските пристанища заедно с допълнителното подобряване на 
техните връзки към вътрешността на континента е от 
съществено значение за посрещане нуждите на потребителите. 
Ще е необходима също така подходяща инфраструктура за по 
екологосъобразни горива и енергоснабдяване за корабите в 
пристанищата. Европейската инфраструктурна политика следва 
да обърне особено внимание за осигуряване наличието на 
пристанища,  които да са добре свързани със системата на 
сухопътния транспорт по цялата брегова ивица на ЕС.  

Европейска агенция по морска безопасност (ЕАМБ) осигурява 
техническа помощ на ЕС и неговите страни членки при 
изготвянето и прилагането на европейски закони в сферата на 
морската безопасност, причиненото от кораби замърсяване и 
сигурността на мореплаването. Агенцията също така има 
задължения в областта на предотвратяването и реагирането на 
нефтени разливи, наблюдението на плавателните съдове и 
далечното опознаване и проследяване на корабите. 
Инспектиране на националните системи за контрол на 
движението на корабите и на пристанищните съоръжения за 
приемане на отпадъци и плановете за тяхната обработка в ЕС. 
Предоставяне на помощ за постигане на последователност при 
разследването на морски произшествия в целия ЕС. Обучение и 
обмен на добри практики в областта на морската безопасност, 
сигурността и околната среда.  

Информационни услуги в областта на морското дело: 

- контрол на движението на плавателни съдове във водите на 
ЕС (SafeSeaNet),  

 - център на ЕС за сътрудничество в далечното опознаване и 
проследяване на корабите - за всички плавателни средства, 
носещи флага на страна от ЕС в целия свят 

- международен обмен на данни за далечно опознаване и 
проследяване на кораби - за центрове за далечно опознаване и 
проследяване в целия свят, 

 - сателитен контрол на нефтени разливи (CleanSeaNet),  

- информационна система THETIS в помощ на режима за 
инспекции на служители от държавния пристанищен контрол. 
За няколко часа след голям петролен разлив ЕАМБ може да 

изпрати кораби в която и да е страна от ЕС, за да бъде 
отстранен разливът. 

    3. Изводи: 
Според гореописания доклад, изводите могат да бъдат 
следните: 

1. Националната железопътна мрежа е значително 
изостанала в сравнение със стандартите в много от 
европейските държави. Провежданата политика по 
отношение на железопътната инфраструктура е 
насочена към подновяване и/или ремонтиране на 
отделни отсечки, което не променя като цяло 
превозната способност на българската железница. 
Финансово необезпечени с необходимите средства са 
разработваните програми за поддържане и развитие 
на железопътната инфраструктура, което води до 
изоставане в ремонтните дейности за поддържането 
на инфраструктурата. Морално и физическо остарели 
технологии, което поражда високи материални 
разходи за поддържането и. Състоянието на 
железопътната инфраструктурата необходима за 
осъществяване на комбинирани превози, не 
удовлетворява изискванията за извършване на 
съвременни товаро-превозни услуги. Необходимост 
от екипиране на терминалите със съоръжения 
съгласно изискванията за извършване на 
комбинирани превози и модернизиране на 
инфраструктурата. 

2. Незадоволително състояние на пристанищните 
съоръжения и претоварна техника. Недостатъчно 
изградени специализирани терминали и недостиг на 
съвременни логистични и информационни системи,  
Отлив при превоза на транзитни товари. 
Недостатъчна сигурност в пристанищата. Ограничено 
газене в подходите и акваторията на основните 
български пристанища. Неефективна борба с нефтени 
разливи.  Недостиг на приемни съоръжения за 
преработка на събрани нефтопродукти при аварии,  
недостатъчно развито публично-частно партньорство, 
липса на инвестиционен интерес от стратегически 
инвеститори, недостиг на финансови средства за 
доизграждане и поддържане на съществуващата 
инфраструктура, остарели технологии на 
навигационно осигуряване и лоша поддръжка на 
пристанияната инфраструктура. Липса на средства за 
поддържане на съществуващите и изграждане на нови 
терминали. Модернизирането на транспортната 
екологична  инфраструктурата е задължително 
условие. Постигането на развита и модерна 
инфраструктура е важна задача, изискваща 
справянето с проблеми, които са натрупвани в 
продължение на десетилетия. За това е необходимо 
време, дългосрочен подход и осигуряване на стабилни 
финансови потоци, както и решителност и пълна 
ангажираност на всички страни, институции и 
организации, имащи отношение към развитието на 
екологичната инфраструктура.  

Литературни източници: 
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2. Насоки за повишаване на конкурентно-
способността на български те транспортни 
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Abstract: The number of cars in the world is growing tremendously, as most of them are unused new. Decisions on the 
time and place of storage before recycling difficult and unpopular. Overproduction, high cost and lack of market leads to the 
use of old cars. When choosing their important place occupy a brand, price, reliability and easy maintenance.  

Keywords: OVERPRODUCTION, RELIABILITY, OLD VEHICLES  

Увод 

 
Проблемите с безопасността на движението се 

изострят постоянно в цял свят, поради прекомерно 
големия брой автомобили. 

 В цял свят технически изправните автомобили в 
момента са около 10 милиарда. Автомобилите се трупат, 
но няма кой да ги купува. Потребителите търсят 
автомобили току що произведени. Следователно 
шансовете на автомобилите от минали години да се 
продадат намаляват с всеки изминал ден. Изтичането на 
гаранцията им предполага един изход - претопяване. 

През последните години една от основните теми, 
вълнуващи автомобилния бизнес, са спадналите 
продажби на нови автомобили. Те не стигат до 
потребителя, а това акумулира множество проблеми 
като (фиг.1): 

• Място за складиране; 
• Логистични операции за превозване и 

съхранение;  
• Охрана и др. 

Големите пазари като Азия не могат да се 
справят с полученото свръхпроизводство на 
автомобили, което изисква те да бъдат складирани 
защото компаниите продължават да произвеждат нови 
автомобили.  

Ясно е, че автомобилната индустрия няма да спре 
да произвежда нови автомобили, тъй като това ще 
наложи прекратяване на дейността и загуба на работни 
места. Ефектът на доминото ще засегне и компаниите, 
произвеждащи стомана, които няма да има какво да 
правят със своята продукция [1]. 

 

 
 

Фиг.1 Нови непродадени автомобили 
Паралелно с това в световен мащаб се развива 

и една друга насока - т.нар. мобилност, която не е 
свързана с лични автомобили. Тя включва градски и 
междуградски транспорт, велосипеди, релсов превоз, 
превоз с чужди автомобили от типа Uber и още 

всевъзможни начини за придвижване, които не 
включват личен автомобил. 

 
Фиг.2 Мобилност 

Именно предвид тези тенденции все по-често 
се употребява термина "автомобилен пик". Това 
всъщност съвсем не е нова теория и развитието ѝ в 
различни времеви етапи може да се проследи от 
далечната 1930 година. Едно от последните изследвания 
е на експерти от IHS Automotive. Според тях през 2020 
година ежегодните глобални продажби на автомобили 
ще достигнат 100 млн. бройки, а след това пазарът ще се 
срине. 

Стив Джобс прави прогнози през 1996 г., като 
една от тях е свързана с тези въпроси“ 
„…. Толкова много средства се харчат за поддържане на 
запаси – милиарди долари. В тях компаниите 
позиционират тон от кеша си, като те са отворени за 
вандализам и са напълно ненужни. Отнема огромно 
време да се управляват тези запаси, а в крайна сметка 
колата, която искате и цветът, който ви харесва, така 
или иначе не са налични. Няма ли да е хубаво да си 
поръчате автомобил, в желания цвят и да го получите 
след седмица“ [2]. 
 Tesla почти няма запаси от автомобили на 
склад. Вместо това потенциалните купувачи преглеждат 
моделите и правят поръчка онлайн с по-късна доставка.  

2. Предпоставки и начини за 
разрешаване на проблема 

В България автомобилния парк е основно от 
стари автомобили и тази тенденция ще се запази, 
независимо от забележимите промени в състава му 
както попълнения от нови автомобили по-висок клас и 
предпочитани марки и модели. 

Обявените продажби на автомобили всяка 
година бележат ръст, но вероятно става въпрос за 
продажба на не само на нови, но и стари автомобили. 

Представените изследвания от различни 
организации избират различни критерии за оценка на 
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употребяваните автомобили, които могат да се обединят 
в няколко групи, а именно: 

• Надеждност; 
• Честота на авариите; 
• Разходи и продължителност на 

ремонт; 
• Възраст и изминати километри. 

Подреждането на различните марки 
автомобили за различните възрастови групи е различно, 
поради особеностите на конструкцията, вложените 
материали и качество, както и начина на експлоатация. 

Тези резултати дават възможност за по-добър 
избор и правилна преценка за възможностите от гледна 
точка на разумен избор между цена и качество. 

През следващата 2017 година на пазара на 
автомобили втора ръка у нас се очаква бум на стари 
дизелови автомобили внос от Германия. Това ще е 
резултат от премахването на законовите пречки 
автомобилите с екостандарт под Евро 6 да не бъдат 
допускани в повечето от немските градове. 

В момента едва около 30 % от движещите се по 
пътищата в Германия дизелови автомобили отговарят на 
Евро 6. Така в Германия би трябвало да останат само 
автомобили, чиито двигатели изразходват не повече от 
80 грама азотен диоксид на 100 км. Този стандарт е 
задължителен за всички дизелови двигатели, 
произведени след 2015 г. В Германия се продават близо 
3 млн. нови автомобили годишно, като половината от 
тях са с ДДВГ. 

3. Резултати и дискусия 
В Германия, всеки автомобил на възраст над 

три години преминава през техническите прегледи на 
организацията TÜV. Прегледите са предназначени за 
откриване на дефекти при автомобилите или проблеми 
с тяхната надеждност [3].  

Критериите включват честота на аварии, 
разходи за ремонт, продължителност на ремонта, 
средна възраст на автомобила и среден годишен пробег. 
В това проучване могат да се обобщят данни  за 
отделните производители като САЩ заема четвърто 
място, Швеция пето, Германия шесто, Италия седмо и 
Великобритания - на последното осмо от всички. 

Специалистите от TÜV съставят класация, в 
която излъчват най-надеждните и най-ненадеждните 
коли на пазара. Автомобилите са разделени в няколко 
категории според възрастта им - до 3, до 5, до 7, до 9 и 
до 11 години. 

 
 
Фиг.3 Първите 10 най- надеждни автомобили на възраст 
10-11години 

 
 
Фиг.4 Първите 10 не-надежди автомобили на възраст 
10-11години 

Ежегодното проучване на сайтовете 
Whatcar.com и Warranty Direct.co.uk демонстрира за 
пореден девети път, че употребяваните автомобили 
Honda са най-надеждните.Honda е на челната позиция в 
класацията, в която са включени коли между 3 и 8 
години, от 40 други най-популярни автомобилни марки. 
В първите десет на най-надеждните автомобили втора 
ръка във Великобритания са Honda, Suzuki, Toyota, 
Chevrolet, Mazda, Ford, Lexus, Skoda, Hyundai и Nissan. 
Парадоксално, но в дъното на изследваните марки са 
луксозните Chrysler, Audi, Jeep, Porsche и Bentley. 

Индексът на Warranty Direct - Reliability Index 
(RI), според който се определя класирането, се 
изчислява с формула, в която се взимат предвид 
фактори, като години, пробег, цена за ремонт, дефекти и 
други показатели. Колкото по-нисък е RI, толкова по-
надежден е един модел и марка [4]. 
При Honda, RI е 41, докато при класираната на последно 
място марка- Bentley е 637. 

Като най-надеждни модели, от What Car? и 
Warranty Direct определят Honda Jazz и Mitsubishi 
Lancer, а като най-ненадежден Audi RS6. 
Германските автомобили не са толкова надеждни, 
колкото се смята. До такъв извод стига проучване на 
британския застраховател "Уорънти дайрект"), 
анализирайки базата си данни. 

Компанията, която е проучила повредите при 
автомобилните двигатели на застрахованите 
автомобили, изтъква, че марки като БМВ, "Ауди" и 
"Фолксваген" се оказват с относително често развалящи 
се двигатели.  

Най-лошо обаче се представя Ем Джи, при 
който повреди в двигателя са регистрирани при всеки 
един на 13 автомобила. При "Ауди" съотношението е 
1:27, при "Мини" - 1:40, при БМВ 1:45, а при VW 1:52.  
Най-надеждни се оказали двигателите на "Хонда" и 
"Тойота" (1:344 и 1:171, съответно), а Германия е 
защитена от "Мерцедес", при който двигателни повреди 
са отчетени при един на 119 автомобила.  

Сравнението на повредите при двигателите е 
важно, защото отстраняването им е сред най-
скъпоструващите и представляват са най-голям разход 
за потребителите, защото частите са скъпи, а работата, 
трудоемка.Въпреки това процентно тези повреди са 
относително малко - в сравнение с ремонтите по 
ходовата част.  
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В проучването, което е обхваща 36 марки, отсъствието 
на отчитане на тежестта на отделните повреди, е едно от 
възможните обяснения защо данните за ненадеждните 
двигатели изглеждат стряскащи и нелогични. (табл.1.)  
Табл.1 

 
 
 
 

 Легенда:  сред най-добрите;  по-
добри;  средно; -останалите 

Табл.2 

Авторитетната американска организация за 
изследвания и анализ на потреблението J.D. Powers and 
Associates, публикува ежегодното подреждане за най-
качествени нови автомобили предлагани на 
американския пазар (табл.2). 

От тази извадка в таблицата се вижда, че 
водещите компании за производство на автомобили най-
много залагат на надеждността на частите на купето и 
елементите на пасивната безопасност, следвани от 
трансмисия и елементи от активната безопасност[5].  

4.Заключение 
Налагането на санкции, за да се ограничи 

трафика на автомобили в големите градове не дава 
очакваните резултати като в близко бъдеще 
използването на автомобил ще се превърне в кошмар . 

Все по-голямото разширяване на системите за 
обществен транспорт не помага на автомобилните 
производители. Все повече се предпочита предвижване 
с метро, трамвай, автобуси или пеша и т.н. 
Хората все още харесват стандартните автомобили с 
двигатели с вътрешно горене, но перспективите не са 
никак добри. Именно поради мерките, които вземат 
много правителства против замърсяванията, 

автомобилните компании предпочитат да развиват 
производството и пазара на: 

• на хибриди и електромобили; 
• компактните кросоувъри. 

Единственият изход за автомобилния пазар в световен 
мащаб е, масиран ръст в производството на 
електромобили и като следствие доминирането им на 
ключови световни пазари.  
Референции: 

1. http://automedia.investor.bg 
2. http://www.wired 
3. http://www.reliabilityindex.com 
4. https://www.warrantydirect.com 
5. Драгнева Н. Логистични процеси при 

снабдяване с резервни части за автомобили 
годишник БСУ2011 

Марки с най-надеждни 
двигатели  

повреди Марки с най-ненадеждни 
двигатели  

повреди 

Хонда 1:344 Ем Джи Роувър 1:13 
Тойота 1:171 Ауди 1:27 
Мерцедес 1:119 Мини 1:40 
Волво 1:111 СААБ 1:40 
Ягуар 1:103 Воксхол/Опел 1:41 
Лексус 1:101 Пежо 1:44 
Фиат 1:85 БМВ 1:45 
Форд 1:80 Рено ( 1:46 
Нисан 1:76 Фолксваген 1:52 
Ленд Роувър 1:72 Мицубиши 1:59 

 
Надеждност 

Марки 

Автомобил 
повреда или 

неизправност на 
елемент,нарушена 

функция) 

ДВГ, 
Трансмисия и 
елементи на 

активна 
безопасност 

Купе и елементи на 
пасивна безопасност 

Аксесоари 
 

Volkswagen 
Ford 
Mercedes Benz 
Honda 
Hyundai 
Land Rover 
Toyota 
Audi 
BMW 
Acura 
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Abstract: In each transport system are for its total costs key the fixed costs, deriving from regular deployed number of vehicles and 
drivers, related to the overall transport performance. Fixed, periodic and systematic linkages in the operational concept can achieve higher 
productivity of vehicles and personnel. Article explains the application of these techniques in the optimization of urban bus transport in the 
Czech town Jindřichův Hradec. 
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TRANSPORT EFFICIENCY, TRANSPORT PLANNING, TENDER FOR CARRIERS, VEHICLE CIRCULATION  
 

1. Introduction  
Bus urban transport in the Czech Republic is currently 

ordered in many towns.  The smallest Czech town with regular 
public bus urban transport is Přelouč (8 200 Inhabitants).  

For decision, to order or not to order bus urban transport in 
concrete town is the town structure, distance between transport 
main sources and destinations in the town and the whole 
attractiveness or emissivity of the town (how many people are 
travelling from / to the town, how important is the internal 
mobility). 

There is a big difference in planning the operational concept 
of urban traffic in the big city and small town.  

In large cities, it is crucial to ensure appropriate intervals in 
the strongest transport directions and the key issues include 
sufficient capacity and sufficient speed for longer distances 
within the city. 

In smaller towns there is very wide number of traffic flows, 
but these traffic flows are considerably smaller and, therefore, 
from the perspective of public services much harder to grasp. 
Additionally, there are many local transport requirements - 
typically tied to school or significant employer - which mean 
subsequently fixed points, which are necessary to be served in 
concrete times. The result is a combination of lines with interval 
operation (route directions and the general demand) and lines of 
operation purely purposeful. 

The situation is different in addition the fact that whereas in 
larger cities, there is usually a transport company owned by the 
city, which has long provided transportation services in the city 
(and thus falls into the category of so-called. Internal operator), 
in small towns such an operator usually is not, and if the volume 
of traffic performance exceeds 300 thousand bus km per year, is 
there necessary to compete these performances. 

 

2. Structure and configuration of operational 
file in bus urban transport  

 In the case of urban bus transport - unlike regional bus 
services - falls away a question of the method of determining the 
structure of operational file, based on the geographic or on 
technological clustering. Since the space of the town, the city 
with its wider hinterland, or agglomeration is exactly 
geographically defined, remain as technological clustering by 
type and number of vehicles - as in bigger cities may eventually 
open the possibility of entering more operationally homogeneous 
files, in smaller towns situation leads always to formulate of just 
one operational file and to award of one contract. 

 The authors of this article have participated in the preparation 
of the technological structure of the operational file of bus urban 
transport in Czech town Jindřichův Hradec. Jindřichův Hradec is 
south-Bohemian town with 21460 inhabitants.  

 

2.1. Operational structure before the competition  

 The original transport concept of urban operation in 
Jindřichův Hradec valid until December 31. 2015 represented a 
transport volume of approximately 330,000 km per year and was 
scheduled for 7 buses in regular circulation.  

The line plan contained 5 lines with round and half round 
character, with different time variations and routes variations, 
while on any of the lines was not offered a regular interval of 
connections. 

The entire operation of urban transport was necessary to 
systematically define and grasp to be able to define it in the form 
of a comprehensive operation file for need of competition - in 
terms of technical and technological parameters. 

 

2.2. Operational file parameters for competition 

 Preparing of a new contract associated with necessity of the 
competition of transport carrier used the town to fundamental 
changes in the concept of bus urban transport. New functionality 
demanded by the town were as follows: 

- direct leading of the lines in most important directions 

- minimization of detours and higher unification of routes of 
single lines 

- expanding operations in local parts of the town, extended 
operation in off-peak hours (early morning, evening hours..) and 
on weekends 

- regular intervals on single lines; between the largest housing 
estates to the town center all-day basic interval of 30 minutes and 
in peak hours interval of 15 minutes 

- creation of systematic linkages with trains at the railway station 

 
 Processing of these requirements led to a significant increase 
in transport performance - namely 450 000 km per year. At the 
same time, there was abided boundary condition, that the new 
concept must be able to work still with 7 buses in regular 
circulation. It was really such a complex combinatorial problem. 
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3. Technological structure of traffic 
performance in operational file  

 The specific content of each operating file are concrete lines, 
their timetables and the resulting number of vehicles, which is 
necessary to ensure the required transport performance . 

 Before assigning single lines to single operational files it is 
usually appropriate to revise leading of lines, not only for 
transportation reasons, but also for operational reasons. In the 
current conditions of Czech Republic, there´s line management 
in many cases "historic", regardless of economic, socio-
economic and demographic trends. 

 Based on the review of known facts of the various transport 
relations should be applied methods of line-planning leading to 
maximizing of the number of direct-travelling passengers. 

 After creating the line leading follows usually next step - 
forming a timetable. In urban traffic is so needful to take into 
account necessary intervals on lines, according to anticipated 
demand, and by smaller towns with longer intervals also take 
into account other requirements (eg. connections on trains and 
regional buses, the required linkages between the lines, etc.). 

 The standard follow-up step after creating a timetable would 
be to create cycles of vehicles and personnel. In this case, it is 
then also possible to use well-known optimization methods to 
minimize the number of deployed vehicles. 

 The author´s team new approach is, that already when the 
timetable proposal is created, combines the operational concept 
with cycles of vehicles, in mutual repeating iteration steps. 

After designing of the line-network and basic structure of the 
timetable can be done minor changes in the timetable raster, in 
order to allow implementation of atypical combinations of 
crossing vehicles under extreme time demands in the morning 
peak hours. In the morning peak hours were separately taken into 
account the requirements of the local time (starting times by 
significant employers, beginning of school hours). At the same 
time, during the morning peak hours was usually a timetable 
structure preserved primarily in the main transport directions and 
main change linkages, while in the opposite direction (contrary 
to a major transport streams) were used differing routes, atypical 
crossings between the lines, as well as pragmatic time positions, 
which led to the minimization of the number of vehicles in the 
morning peak hour of the workday. It is just a morning peak hour 
of the working day, which determines the number of vehicles. 

Approach to the timetable creating is as follows: 

1) defining IPT nodes and intervals, calculate the number of 
vehicles for "basic periodical operation" 

2) defining a specific operation in the morning peak hours and 
minimizing the number of vehicles in this period; ideally for the 
number required in previous point 1 

3) after the arrival of school busses, as soon as possible 
"timetable transition" to defined structure of periodical timetable  

4) operational optimization and ensuring operational efficiency 
(breaks for drivers, refueling buses...) 

5) adaptation of timetables in the evening hours (to minimize the 
number of vehicles, reduction of total working time of drivers) 

The aim is to ensure maximum operational efficiency within a 
defined operational file. 

The following figure expresses the fixed costs of the bus relative 
to the average daily performance. 

 

Fig. 1: Bus fix costs (depreciation) by average daily mileage 

 Currently, the regional bus services in the Czech Republic 
has held daily vehicle mileage normally about 60-130 km, in 
urban transport sometimes even lower. From the above figure it 
is apparent, that the cost curve is broken in the space daily 
performance of 200-300 km, which corresponds to an annual 
mileage of a vehicle about 70 000 to 100 000 km. 

 In no operational file are these limit values reached in the 
beginning. It is natural, since the beginning sort of performance 
into operational files is usually made by current timetables, 
which has been usually no optimized before.  

 

3.1. Case of optimized operational file of bus urban transport 
Jindřichův Hradec 

 Applying the above general approach to the optimization of 
the specific case of urban transport in Jindřichově Hradci went 
so, that it was necessary to take into account the factors listed 
below: 

- basic interval for the peak hour (15 min) and off-peak hour (30 
min) on most important lines 

- determination of basic vehicle size corresponding to the 
capacity needs of the most occupied connection in the morning 
peak hour (approximately 70 passengers, which corresponds to a 
city bus of the 12m length) 

- even though with a new concept was introduced a transit fare, 
the character of the line network remained as branched network 
(with a higher bid direct connection in most directions, at the 
expense of connection in a shorter interval but associated with 
passangers change) 

 The most complicated combinatorial task was assembly 
operational concept. The operational concept elements were tight 
time-anchored (eg. a request connection to trains), elements 
whose position directly resulted from the other of the fixed 
elements (eg. a requirement length of interval when a specific 
time slot joints unfolded from connections with rigid bonds), and 
finally elements whose time position was not fixed (eg. 
connection of smaller town parts). The operating concept was 
created with a direct link to the circulation of vehicles, as 
required with a view to achieving high operational efficiency, 
where was aimed to maintain 7 planned scheduled busses for 
regular circulation. 
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 It was so composed a "time raster", in which were primarily 
occupied fixed times and requirements were subsequently 
occupied by combinatorial other elements with a higher degree 
of freedom. This process included several iterations. 

 Every assembly draft operational "time raster" was verified 
by personnel efficiency. Within the operational concept was 
monitored specificity consisting in fixed boundation between 
driver and vehicle. In the Czech environment between 
operational staff there is seen as a great advantage, if it is 
possible this boundation between driver and bus (the drivers 
during a work shifts do not change vehicles and every driver has 
"his own" bus). Although fixed bond between driver and vehicle 
is very strong boundary condition, which potentially hides 
inefficiencies, this condition was kept. Within the operational 
"time raster" had been as well taken into account mandatory 
breaks for drivers. However in the peak hours was the time for 
breaks utilized for embedded links (transitions and combinations 
of vehicles), in which by the imaginary allowed length of the 
drivers operation was suggested their change. Also in these 
combinations were used for crossing vehicles (and empty runs), 
since in general, empty runs can in some cases reduce the 
number of planned vehicles. 

 Single iterations during the assembly of operation "time 
raster" consisted in eliminating atypical combinations and 
subsequent reminimize empty runs. To achieve the desired result 
was required 5 iterations. In the resulting "time raster" operating 
buses are not tied to individual lines, but on individual final stops 
are changing between the lines. 

 After the formation of the final operating "time raster" were 
assembled circulation plans for vehicles - emerging on the 
principle of cyclic repetition of time raster. This laid due fixed 
boundation driver / vehicle the foundation for circulation plans 
for drivers. 

 The last group of optimization measures was minimizing of 
staffing needs. Because the proposed operational "time raster" 
included time for breaks for drivers, could be by using rebase 
"parts" of circulation plans (including the use of additional empty 
runs) go in selected cases to the very time-limit length of drivers 
work-shifts and were so composed shifts with as much time 
length (for two drivers alternating), and shifts to the length 
corresponding to the permissible driving time for one driver 
(without changing). These rebasings of operation "time raster", to 
achieve optimal results in personnel efficiency, entailed 4 
iterations 

 The overall result is an extremely high vehicular and 
personnel productivity. From the original value of the average 
daily performance of 129 km / bus was reached 176 km daily 
performance / bus. On working days is deployed 7 busses and 12 
drivers, on free days then 4 buses and 6 drivers. 

 In so comprehensively prepared form (timetables, vehicle- 
and drivers circulation plans) was contract for urban transport in 
Jindřichův Hradec tendered. 

 

 

 

 

 

  

4. Conclusion  
 The first method focused on cost reduction should take the 
form of increasing productivity by reducing the number of 
regular operated vehicle and reducing the regular number of staff 
- particularly the decline in fixed cost components in such a way 
as to prevent deterioration  of service and managed to keep the 
revenue. 

The second approach is the offensive offer where the existing 
resources in the field of rolling stock and staff are used to create 
higher level of service, while the growth of variable cost 
components must be covered by additional revenues - and just 
this approach was used in bus urban transport in Jindřichův 
Hradec. 

For the operational concept in bus urban transport was a 
complex preparation of the contract for the tender for new carrier 
- bus operator. 

While in the case of internal (town-owned) operator there is 
possible to increase operational efficiency continuously, in case 
of the tenders must be the operational parameters set correctly 
from the beginning. 

This situation is in many ways even for new by bus operators 
participating in the tenders too, because the demands on the 
operational concept and quality are predetermined from the 
orderer. The carrier has already no possibility to optimize (or 
partially) operational concepts according to its operational needs. 
The role of carriers in this regard is already seemingly passive - 
however numerous carriers orient already in the new 
circumstances and focus their activities on the rationalization 
measures that allow them to cope with the prescribed 
requirements at the lowest cost. After the carriers have no 
opportunity to enter timetable preparation  and requirements 
during the tender, they are focusing on typical operating area 
(suitable dislocation vehicles and personnel for contract 
performance, placement of technical and technological 
background, optimal mode of refueling buses, reduction of 
personnel time losses etc.) 

On the example of the urban bus transport in the Czech town 
Jindřichův Hradec was shown, that a good and thorough 
preparation of a tender in public bus urban transport can 
significantly rise vehicle and staff productivity. With the same 
numbuer of busses was created brand new timetable, with the 
increase in transport performance by 40%.  
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Abstract:  Use of  mathematical modelling gives possibility to compare and define the following values: a danger and frequency of 
aircraft fire occasions, the probability of the death of passengers in any of the situations occurred and the most unsafe aircraft 
types and aviation companies, when analyzing this aspects from point of  aircarft fire safety.  
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1. Введение 
  
Анализ статистических данных в авиационных 
происшествиях (АП) показывает, что наиболее серьезную 
опасность на воздушном транспорте представляет пожар 
самолета на земле  после аварии. Авиационные 
происшествия, связанные с безопасностью операций на 
взлётно-посадочной полосе, составляют 59% от общего 
числа происшествий, 29% от всех  происшествий со 
смертельным исходом и на их долю приходится 19 % 
погибших. В то время как доля категории, включающей 
потерю управления в полете, составляет только 4% от всех 
происшествий. Безопасность полетов также связана с 
выживаемостью людей при АП, которые могли 
закончиться без жертв, а также, зачастую, вследствие 
наличия или отсутствии пожара на земле. Возникновение 
каждого АП  является, как правило, следствием не 
отдельной причины, а результатом цепочки 
соответствующих предпосылок. Инициатором причинных 
цепочек при АП служат либо ошибки людей с 
недостаточной профессиональной подготовленностью, 
либо отказы техники и оборудования, либо нештатные 
внешние воздействия. Обще признана преобладающая 
роль так называемого человеческого фактора в 
формировании первичных предпосылок, доля которого 
колеблется по разным источникам от 60-70% в 
промышленности и др. гражданских объектах, и 80-90% в 
авиации [1].  
 Международная организация гражданской 
авиации (ИКАО) инициировала основанный на оценке 
рисков подход, направленный на повышение уровня 
безопасности полетов на основе оперативной информации 
о безопасности полетов [4]. 
 

2. Ситуации пожаров воздушных судов при 
авиационных происшествиях  

 
Послеаварийный пожар на воздушном судне (ВС) является 
основным препятствием для успешной эвакуации людей 
из самолета после вынужденной посадки. При этом люди 
могут погибнуть в первые минуты, даже не подвергаясь 
действию других негативных факторов, а только от 
отравления токсичными газами. Независимо от вида ВС, 
основными причинами АП являются: 

− плохой контроль над управлением ВС на малой 
высоте, рулении и приземлении; 

− пожар/задымление после удара об землю.  
Основными факторами, приводящими к гибели и 
травмированию людей в АП, являются: 

−  

 
 

− повышенные ударные перегрузки – 80 % 
погибших и 75 % травмированных; 

− отравление дымом и токсичными газами – 16% 
погибших и 14 % травмированных; 

− остальные факторы – 3 % погибших и 10 % 
травмированных[2]. 

В зависимости от сочетания этих факторов  приведём 3 
группы  характерных случаев состояния аварийной 
ситуации с пожаром на земле.  

I. Группа - (благоприятная): 
− самолёт сел на шасси, повреждений нет; 
− пассажиры самостоятельно могут покинуть ВС; 
− пожар малой интенсивности вне пассажирской 

кабины; 
− АП на территории или вблизи аэропорта. 

II. Группа - (неблагоприятная) : 
− фюзеляж частично поврежден (посадка не на 

шасси); 
− часть пассажиров не может самостоятельно 

покинуть ВС; 
− пожар с розливом топлива около пассажирской 

кабины; 
− место аварии на небольшом удалении от 

аэропорта. 
III. Группа - (катастрофическя) 

− фюзеляж и пассажирская кабина значительно 
повреждёны; 

− большая часть пассажиров не может 
самостоятельно покинуть ВС; 

− пожар в пассажирской кабине; 
− место происшествия вдали от аэропорта. 

Представленные случаи составлены на основе обобщения 
материалов АП, имевших место на территории и, или  в 
районе аэродрома, т.е в районе действия аварийно-
спасательной команды (АСР) аэропорта. 
Эти случаи расположены в порядке усложнения условий 
тушения пожара и спасания (эвакуации) терпящих 
бедствие пассажиров. 

Как видим основные факторы, затрудняющие 
спасательные работы или самостоятельную эвакуацию это 
состояние фюзеляжа, объём пожара, (его интенсивность, 
площадь воспламенения), способность пассажиров к 
самостоятельной эвакуации. Следует отметить, что к этим 
факторам необходимо добавить и удаленность места 
аварии от аэропортовых спасательных служб  [2]. 
Обеспечение условий выживаемости людей и снижения 
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тяжести последствий АП с пожаром на земле может быть 
достигнуто при выполнении следующих требований [3]. 
1. Тушение пожара на ВС должно начинаться до 

превышения предельно допустимых значений 
опасных факторов пожара. 

2. Время локализации пожара и 
тушения основной площади 
горения не должно превышать 
установленного значения. 

3. Время сдерживания 
локализованного пожара 
должно быть достаточным для 
эвакуации людей из 
аварийного ВС. 

Кроме того, необходимо руководствоваться и принципом 
наращивания сил и средств, привлекаемых к 
пожаротушению на ВС.  
Для оценки вероятности выживания при пожаре в 
результате АП предложена простейшая вероятностная 
модель выживаемости пассажиров, попавших в АП. Для 
определения параметров такой модели необходимо 
проанализировать и обработать статистические данные об 
АП с пожаром на земле. Наиболее распространенными 
показателями, применяемыми для статической оценки 
уровня безопасности полётов, являются число АП и 
количество погибших в них. Поэтому для выявления 
основных факторов АП необходимо использовать 
статистические данные о происшествиях, 
зарегистрированных в течении достаточно 
продолжительного времени. Очевидно, что для 
корректной оценки параметров модели надо стремиться 
обрабатывать как можно более однородные данные: 

− по классу и типу ВС; 
− исключить из данных статистической выборки, 

случаи террористических актов, военных действий, 
пожара в воздухе, столкновение ВС в воздухе и 
т.д.[1]. 

 
3. Вероятностная модель ситуаций пожаров 

воздушных судов при авиационных 
происшествиях 

 
Математическое моделирование даёт возможность 
оценить и, что важно, сравнить опасность и частоту 
возникновения пожарной ситуации, вероятность гибели 
пассажиров в той или иной ситуации, определить 
наиболее опасные с точки зрения пожарной безопасности 
типы ВС и авиакомпании. 
Вероятность выживания пассажиров при пожаре ВС на 
земле, зависит от: 

− количества пассажиров и организации эвакуации 
(в зависимости от типа ВС и квалификации 
летного персонала); 

− близости аэропорта к месту АП;  
− величины разрушения фюзеляжа ВС и особенно 

пассажирской кабины;  
− способности пассажиров на самостоятельную 

эвакуацию;  
− характера и интенсивности пожара (разлив 

топлива, пожар силовой установки, пожар внутри 
пассажирской кабины и пр.).  

Именно эти параметры, определяющие выживаемость 
пассажиров при пожаре ВС, необходимо оценивать при 
анализе статистических данных и организации их сбора.  
Очевидно, что предлагаемая модель будет состоять из 
матрицы событий аварийной ситуации и вероятности 
выживания в них пассажиров.  

Тогда матрица событий аварийных ситуаций будет иметь 
следующий вид: 
 
Таблица 1 - Матрица событий аварийных ситуаций 
      

 
Количество состояний аварийных ситуаций n, в основном, 
можно принимать, где n=10 
Предположим, что матрица событий (Таб. 1) 
ориентирована от самых благоприятных ситуаций (i=1): 
АП совершено практически в черте взлётно-посадочной 
полосы аэропорта, разрушения пассажирской кабины 
фактически отсутствуют, почти все пассажиры способны к 
самостоятельной эвакуации, топливо разлито минимально 
до катастрофических (i=n): АП произошло в удаленном от 
аэропорта районе, значительные повреждения 
пассажирской кабины, у большинства пассажиров 
трудности к самостоятельной эвакуации, обширное 
разлитое топливо. 
Очевидно, вероятность Pi  выживания пассажиров в 
благоприятных ситуациях наибольшая, а в 
катастрофических – наименьшая, то-есть: 
 

P1 > P2 >…Pi-> Pi ....> Pn 

где,       
∑
=

=
n

i
IP

1
0.1

  
      (1) 
Вероятности же попадания в ту или иную ситуацию Ni – 
логически можно предположить, что наиболее часто 
встречаются ситуации близкие к благоприятным и к 
катастрофическим. Промежуточные же ситуации, скорее 
всего, встречаются значительно реже: 
 

N(1.2.3…)  >   Ni…< ..N(n-1, n) 
 

так же, как и в (1)    
∑
=

=
n

i
IN

1
0.1

  
      (2) 
 
В данной постановке полная матрица событий аварийных 
ситуаций будет иметь как минимум 16 ситуаций – 24; 4 
ситуации, имеющих по два крайних значения: 

− близко от аэропорта - далеко от аэропорта 
− фюзеляж мало разрушен - фюзеляж сильно 

повреждён; 
− топливо мало разлилось – топливо обширно 

разлилось и воспламенилось;  
− пассажиры могут эвакуироваться самостоятельно - 

пассажиров необходимо эвакуировать аварийно-
спасательным командам. 

Поэтому, полагая, что способность пассажиров к 
самостоятельной эвакуации и степени разлива топлива 
прямо коррелируют со степенью разрушения фюзеляжа, 
упростим матрицу событий до девяти состояний: 

− степень близости АП к аэропорту: «в аэропорту» - 
«вблизи аэропорта» - «в удалении от аэропорта»; 

Состояние аварийной 
ситуации (i) 

1 2 … … i i+1 … … n-1 n 

Pi  - вероятность 
выживания пассажира в 
i-ой ситуации 

P1 P2 … … Pi Pi+1 .. … Pn-1 Pn 

Ni - вероятность 
возникновения i-ой 
ситуации 

N1 N2 … … Ni Ni+1 .. .. Nn-1 Nn 

90



− степень разрушения фюзеляжа при АП: «малая» - 
«средняя» - «значительная» 

Матрица событий (Таблица 1) приобретет следующий вид: 
 
Таблица 2 - Группированная матрица событий аварийных 
событий  
   

Степень 
разрушения 
ВС 

Удаленность от аэропорта 
В 
аэропорту, 
 i = 1 

Вблизи 
аэропорта 
i = 2 

Вдали от 
аэропорта 
i = 3 

Малая, j =1 P 11  P 12 P 13 
Средняя, j = 2 P 21 P 22 P 23 
Значительная, 
j=3 

P 31 P 32  P 33 

где Pji- вероятность выживания пассажиров, попавших в ji 
- ситуацию; 
Продолжим дальнейшее упрощение модели, связанное с 
необходимостью обработки имеющихся статистических 
данных. Примем, что состояния аварийных ситуации 
подразделяются на: 
− I-«благоприятные» - с большой степенью 

вероятности выживания; 
− II-«неблагоприятные» - с умеренной степенью 

вероятности выживания; 
− III-«катастрофические» - с малой вероятностью 

выжить в этих ситуациях. 
Эти группы ситуаций соответственно выделены зеленым, 
желтым и красным цветом в Таблице 2. Вероятность 
попадания в опасную ситуацию  I, II или III (Таблица 3) 
обозначим соответственно NI, NII и NIII.  
Тогда исходная таблица матрицы событий аварийных 
состояний (Таблица 3) примет следующий вид: 
 
Таблица 3 - Матрица группированных аварийных 
ситуаций  
   

Состояние аварийных ситуаций 
(•) 

I II III 

Вероятность N(•) 
возникновения аварийной 
ситуации (•) 

NI NII NIII 

Вероятность выживания 
пассажира P(•) при попадании в 
аварийную ситуацию (•) 

PI PII PIII 

Таким образом, полная вероятность выживания пассажира 
при попадании ВС в ситуации с пожаром на земле, можно 
вычислить по формуле:  
    

 
∑
=

=

=
3

1

I

I
IIвыж NPP

   (3) 
или средневзвешенная оценка вероятности выжить 
пассажиру, попавшему в АП с пожаром.  
Конечно же, сформулировать вероятностные условия 
возникновения аварийной ситуации N(•) весьма сложно и, 
в принципе не столь важно. А вот вероятности выживания 
P(•) можно рассчитать по адаптированным к летным 
происшествиям методикам расчета выживания при 
пожарах в гражданских и промышленных сооружениях 
[5]. 

Выводы 
 

Предлагаемая модель даёт возможность оценивать риск 
гибели пассажиров в пожарной ситуации по типам ВС и 
авиакомпаниям и составлению страхового фонда для 

выплат семьям погибших и пострадавших. При оценке 
уровня опасности АП встаёт задача по оценке уровня 
воздействия поражающих факторов аварийной ситуации 
на людей. С такой задачей могут столкнуться экспертные, 
страховые организации и собственники компаний. Для 
оценки уровня опасности необходимы данные 
последствий АП, количество пострадавших, 
экономический ущерб. Фактически оценка воздействия 
поражающих факторов аварийной ситуации на людей и 
ВС сводится к определению двух функций: зависимость 
количества опасных факторов пожара от расстояния до 
аварии и зависимость ущерба от количества факторов.  
Внедрение разработанной модели позволяет 
количественно рассчитывать величину пожарной 
опасности при АП на основе вероятностного метода путем 
прямой обработки статистических данных. 
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Abstract – Electrical vehicles are in a new phase of development and utilisation. It has been a long time before such initiatives have taken 
place. In the meantime the transport as a whole (vehicles, roads, traffic, etc.) has been significantly changed. As expected the main role in 
this process globally, and regionally is taken by the biggest economies and companies. Besides the environmental priorities, the nature of 
transport which does not recognise borders enforces smaller economies and countries to adopt their policies in this area, and take chances 
of the development. This seems to be very complex process with number of challenges. Some of them are very specific for different countries, 
and it is up to the local researchers to recognize and deal with them. This paper addresses the problem of the infrastructure, i.e. developing 
of a network of charging stations. Since there are number of specific technical aspects accompanying electric vehicles (types of vehicles, 
range, charging limitations, price, etc.), the research has started with analysis of the vehicle fleet, road network, and intensity of the traffic in 
different areas of Republic of Macedonia. This picture is compared with technical characteristics of emerging electric vehicles on the 
market. That was the way to recognize advantages and disadvantages of use of electric vehicles as substitution of some of the vehicles in the 
actual fleet. Possible development of use of electric vehicles in the country had to be estimated based on foreign experiences, and such 
policies in the country. As a result an approach towards development of network of charging stations in Republic of Macedonia has been 
defined. There is an obvious need this view to be widely presented and discussed with a possible outcome to serve as contribution to the 
challenges similar countries will face soon.        
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1. Introduction 
Electric vehicles are one of the possible innovations capable of 
helping fighting challenges humanity is facing in the efforts of 
solving environmental issues.  

Being aware that infrastructure is very important part of that 
process, this paper aims addressing these issues in Republic of 
Macedonia, especially towards possibilities of development of 
charging stations network, their types, possible locations, and 
partially their finacing. 

Parallel to the technical issues needed to be solved on the electrical 
vehicles, there is a need of intensive work on development of 
charging stations network. Since these two aspects are inseparable, 
development of charging equipment, charging stations, and their 
network basically depends of the same wide issues mentioning in 
the context of electrical vehicles. Hence, just as a reminder, 
common economic environment in which is expected development 
and use of electrical vehicles, will be mentioned.   

Adopting and use of electrical vehicles is considered very limited 
without stimulation form external factors, like regulations on very 
limited pollution emission, increasing the fuel price, or financial 
incentives (Eppstein et aI., 2011; Shafei et aI., 2012; lEA, 2013). 
Between these factors, customer incentives have been identified as 
necessary in order to make use of electric vehicles massive on the 
market. (Hidrue et aI., 2011; Eppstein et aI., 2011). 

As a consequence of this, the potential of fighting climate changes 
and use of the electrical vehicles is limited by mentality. Neo-
classical economy point that governments policies should be 
employed to help improvement of such situation. (Rennings, 2000). 

On the technical side of the problem, there are number of issues to 
be solved. Analyses done in this paper represent an effort to 
recognize the challenges, and make systematic review of the 
opportunities and limitations in the area of development of electric 
charging stations in a countries as Republic of Macedonia is.  

Dealing in that direction, it is normal to start from the existing 
structure in the transport sector, i.e. road network, number and type 
of the vehicles, ant intensity of traffic in separate regions of the 

country. That will be followed by analysis of the processes of 
development of electric charging stations in the developed 
countries, and by presenting of the technical level of the charging 
stations, themselves.  Towards the end, an effort to make 
comprehensive will be done with aim to identify possible ways of 
development of charging stations network in Republic of 
Macedonia. That could lead to identify separate positive and 
negative aspects of the process. 

 

2. Road transport in Republic of Macedonia 
The nature of transport as economy area dictates the need of each 
country to consider itself as a functional part of regional and global 
economy. Therefore, smaller countries, firs of all, should be aware 
of global and regional developments, in this case, related to 
introducing of electrical vehicles in the transport. Understanding of 
such developments means taking the necessary steps towards 
avoiding blindness, and recognizing and taking the chances in all 
possible areas.  

As important factors defining the strategy towards introducing 
vehicles in road transport, several key factors should be considered: 
road network, registered vehicles, type and intensity of traffic, type 
of industry, electrical network, legislation and standardization, 
research and education capacities, etc. 

2.1 Road network 

Fig. 1 shows road network in Republic of Macedonia. It shows, that 
besides main international roads, most of the network is 
concentrated close to the bigger cities/regions.  
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Fig. 1 Road network in Republic of Macedonia 

 

 

Statistical report of State Statistical Office of Republic of 
Macedonia [8], gives an overview of road network in the country – 
tables Т-1 and Т-2. 

Т-1: Roads and road categories in km 2012 

TOTAL 14 038 
of which asphalt and cobbled roads 8 308 
ACCORDING TO ROAD CATEGORY  
Trunk 911 
Regional 3 772 
Local 9 355 
International E-roads 553 

 

 
Т-2: Overview of local roads, situation 31.12.2012  in km 

 Total Asphalt and 
cobbled roads 

REPUBLIC OF MACEDONIA 9355 4 629 
Skopje 551 335 
Bitola 167 156 
Ohrid 163 97 
Shtip 150 39 

 

2.2 Registered vehicles 

Table Т-3 shows review of registered vehicles in Republic of 
Macedonia and partially in some of bigger cities [8] 

 

2.3 Road traffic 

Main characteristics of road traffic, as one of the key information 
needed for planning, is shown in table T.4, and T.5, [8] 

T-4: Length of E-road according year average daily traffic  
Road length, km  

 2010 
Total 550.8 
Less than 1000  - 
1000 - 1999 13.5 

2000 - 3999 195.8 
4000 - 5999 194.2 
6000 - 9999 41.6 
10000 - 14999 105.7 
15000 - 19999 - 

 

T-5: Length and use of the roads, 2010 
 Lengh

t (km) 
Kilometers passed (millions yearly) 
Total Motor

cycles 
and 
three 
cycles  

Passeng
er cars 
and 
light 
duty 
vehicles  

Load 
vehicl
es 

Buss
es 

Total 
lenght 

1724 178.4 2.2 143.5 27.1 5.6 

Type of road 
All E-
roads 

550 63.1 0.1 55.2 6.1 1.7 

Total 
non 
E-
roads 

1173 115.3 2.1 88.3 21.0 3.9 

Hidh
ways 

37 0.6 0 0.3 0.2 0.1 

Other 
non 
E-
roads 

1136 114.7 2.1 88 2.08 3.8 

 

The number of passengers in urban transport is shown in T.6, [8]. 

T-6: Number of passengers in towns in thousands, 2012 
Bitola 775 
Skopje 68 270 
Strumica 224 

 

The table T.7 shows characteristics of Taxi transport [8]. 

T-7: Taxi transport, 2012 
Passenger cars, number  2 494 
Kilometres travelled, in thousands  74 394 
Urban and suburban transport 66 911 
City to city transport  7 483 
Passengers, in thousands  40 413 

 

3. State of the art an expected development of 
charging stations network in Europe 
Figure 2 shows number (in thousands) of charging stations in some 
European countries in 2012.  

 
Fig. 2 Number of charging stations in some European countries in 

2012 (in thousands) 

Т-3: Registered motor vehicles in 2012 
 Motorcycles  Passenger cars  TOTAL 
REPUBLIC OF 
MACEDONIA 

8 473 301 761 350 762 

Skopje 3 635 122 400  
Bitola 550 18 961  
Ohrid 573 8 910  
Shtip 237 8 489  
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The number of electric vehicles in the same period presented related 
to the number of inhabitants (in millions), and the number of public 
charging stations in Europe is shown on Table T.8.   

 

T.8. Number of electric vehicles related to the number of 
inhabitants (in millions), and the number of public charging stations 
in Europe   

 
 

Development of the charging stations network is dependable of one 
industry area which is under development – production of 
equipment for charging of electric vehicles - EVSE (Electric 
Vehicle Supply Equipment). 

Figure 3 shows the chain containing all key factors in providing 
electric energy for electric vehicles. 

 

 
Fig. 3 Chain of supplying electric energy for electric vehicles 

 

Figure 4 shows expected development of charging stations network 
in EMEA (Europe, Middle East, and Africa) region, i view point of 
owners, and Figure 5 shows the same view for the key countries in 
the same region.   

 
Fig. 4. Expected development of charging stations network in 

EMEA (Europe, Middle East, and Africa) region 

 

 
Fig. 5. Expected development of charging stations network in key 

countries in EMEA 

It is widely expected that the number of charging stations in 
Germany pass the number of one million by 2020, and that number 
in EMEA region to be higher of 3.6 million.  

Besides the number of technical issues which are not closed, like 
the standardization of charging stations and equipment, all involved, 
and especially, investors are facing additional business dilemmas.  
One of the most important is the business model, process forming, 
etc.  

All mentioned makes estimation of profitability difficult, especially 
for nonresidential charging stations.  

The efforts for the estimation start by these factors: 
- On the income side: 

o Existing strategies on forming on the price and 
business models in which the existing stations 
are operating at the moment 

- On the costs side: 
o The costs of the equipment and the installations 
o The price of the electrical energy 
o Prices of parking 
o Government subsidies 
o Price of the capital 

 

Depending of the factors mentioned, the investors use different 
models in profitability analysis. 

Different scenarios are used in the development of network of 
electric charging stations. Each scenario highly depends of 
strategies of development of use of electric vehicles. Until massive 
use of electric vehicles, main elements will be connected with the 
state policies in the areas of energy, economy and environment. The 
state support of the businesses in the area of development of 
charging stations will be very important, as well. 
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4. Identification of main issues and analysis of 
possible ways of development of charging stations 
network in Republic of Macedonia 
 

Analysis of the process of introducing of electrical vehicles, and 
related to that, development of infrastructure of charging stations is 
pretty complex process due to lack of mass examples, and even a 
literature. The research activities and examples are restricted to 
separate regions, and due to that, different in core elements and 
content. Therefore it is not possible to come to a clear picture both 
for the situation and for the predictions. The situation with charging 
stations is even more complex compared to the electric vehicles, 
most of all due to the fact it is younger industry. 

Based on the undertaken research activities, consultation with 
experts with years of experience in the area, and described 
characteristics of the road transport in Republic of Macedonia, 
several assumptions could be done in relation to the needs and 
possibilities in the process of introducing of electric vehicles in the 
country:  

- The process of introduction of electric vehicles globally and in 
Europe is in the first phase of commercialization. In certain 
vehicle categories, first of all cars, global producers are 
offering more and more models attractive for different groups 
of customers.   

- There are a number of technical and economic barriers 
defining that in foreseeable period the use of electric vehicles 
will be mostly limited to certain categories of vehicles (cars 
and partially light commercial vehicles), to certain zones 
(urban, suburban and closed campuses), and to a certain 
groups of users (municipalities, companies, individuals, etc.).   

- Growth of the use of the electric vehicles in most developed 
economies (US and parts of EU) is expected to be in volume 
of 20-35% of passenger cars in the next 5-15 years. Use of 
such vehicles in Republic of Macedonia is expected to be with 
significantly lower intensity. Also, it is expected that the 
number of foreign electric vehicles travelling through 
Republic of Macedonia to be proportionally low. If the 
starting assumption is that such vehicles would arrive in the 
country with mostly empty batteries, the plans of building 
charging stations basically should include zones of crossing 
the borders, and zones of main crossings of E-roads and E-
roads with other main roads. One could expect that the 
destinations of the foreign electric vehicles entering Republic 
of Macedonia country would be some of the neighboring 
countries, the Capital Skopje, some of bigger towns, and main 
touristic centers, as well. 

- The development of the use of electric vehicles in Republic of 
Macedonia will be directly dependable of the national policy 
in the energy sector, but also of the policy in the environment 
protection, as well. The global and Europe experiences show 
that use of electrical vehicles is related to the urban and 
suburban areas, especially in the zones with progressive 
attitude towards environment protection. There a number of 
reasons that Republic of Macedonia follows such 
development. That means use of electric vehicles could be 
most intensive in the areas of the towns Skopje, Bitola, 
Tetovo, Shtip, Kumanovo, and so on. Maintaining the 
environmental advantages of the touristic regions is the reason 
of development of use of electric vehicles in the municipalities 
of Ohrid, Dojran, Mavrovo, and so on.  

- Separate complexes – campuses could have specific attitude 
towards the environment. The examples could be health 
centers, education campuses, etc. 

- Companies with fleets of passenger cars and small 
commercial vehicles with urban and suburban operations 
might be a separate group of users of electric vehicles. 

- Taxi companies are one of the main possibilities of using 
electric vehicles in urban transport. 

- Personal use of electric vehicles is very compatible for those 
families capable of having “second” car for mainly urban and 
suburban transport. 

- There a possibilities of initiatives of production of electric 
vehicles, and more probably, conversion of the vehicles with 
engine with internal combustion into electric vehicles. 

 

Main outcomes of the analysis in terms of the challenges and issues 
to be addressed towards development of the charging stations 
network in Republic of Macedonia could be grouped in this way: 

- In environment of not fully standardized charging equipment, 
and taking into consideration state of the art and experiences 
available, and having in mind expected groups of users, there 
are three levels of ways of charging: 

o Charging with simple plugs on standard network 
(220V) (Level 1). This level would be used in home 
conditions during long (normally by night) breaks of 
vehicles (mostly personal) use. Such method may be 
used by some companies having organized parking 
areas where company fleet of private cars of 
employees spend significant time.     

o Charging by special charging equipment with higher 
power capacity (Laval 2). Their use is appropriate 
for public parking capacities, big markets, 
restaurants, and similar places where electric car 
users spend several hours. 

o Fast charging stations (Levek 3). Charging by this 
equipment is fast to certain level of batteries 
capacity and it can be used for additional charging 
for vehicles whose priority is shortening the time 
spent at the charging station. This equipment can be 
used on the main roads, on places like restaurants, 
existing petrol pumps, motels, hotels, etc. This level 
could be used as well on public parking, markets, 
etc. It is very important to have in mind that this 
type of charging equipment is very expensive and 
that it is still not clear their possible negative impact 
on the battery life.          

 

Sustainability of the process of introducing and use of electrical 
vehicles with its whole complexity (production, conversion, 
purchase, service, development of charging stations network, etc.) is 
one of the mail issues. All available experiences show that it is so 
far possible only with strong support and coordination from the 
government or municipalities. That shows there is a need country to 
take some of such known forms, or to develop and employ 
appropriate tools of support.   

 

5. Conclusion 
The dynamic nature of this moment of development of electric 
vehicles and their introduction in service poses significant risk to 
draw strong conclusions. Accepting it could lead to the following 
conclusions towards the process of development of network of 
charging stations in Republic of Macedonia.  

It is obvious that the most influential aspect on development of the 
charging stations network will be the dynamic of introducing of 
electrical vehicles into service. At the same time, there is a opposite 
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influence, as well, i.e. charging stations infrastructure has a 
influence on decisions of buying electric vehicles. It is expected that 
in visible period of time, use of electric vehicles in Republic of 
Macedonia will be sporadic, until state takes strong measures in the 
frames of energy and environment policies.  

Electric vehicles will be used, and charging stations network will be 
developed in urban and suburban areas. Touristic regions and other 
complexes could be other areas of use.  

Government and municipalities fleets could include electric 
vehicles in some number. Different companies could lead od follow 
the example.  

Electric power in foreseeable period will be used for part of the 
passenger cars, motorcycles and small commercial vehicles.  

Standardisation of the charging equipment is significant 
precondition to the development of charging stations network.  

There is a need of the same nature measures to support the charging 
stations businesses as those used to support production and market 
of electric vehicles.  

According to the some predictions, the critical point in the 
development of charging stations network is the transition of 
dominantly state to dominantly private charging stations. In order to 
accelerate the process, there is a need of high number of private 
charging stations.     
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