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SOLUTION OF STATIC TRANSPORT IN BIG CITIES 
 

assoc. prof. Ing. Kendra M. PhD. 
Faculty of Operation and Economics of Transport and Communication – University of Žilina, the Slovak Republic 

 

Abstract: The increase in the individual car transportation at the expense of the public transportation brings problems in the big cities 
not only in dynamic but also in the static transportation. Experience from developed countries shows that regulation of downtown parking 
and building of car pooling parking lots and their connection to public transportation can solve the problem. The article will define basic 
intentions of the city parking policy and carpooling services, as well as conditions of the coordination and tariff integration of individual car 
transport and public passenger transport. 

Keywords: STATIC TRANSPORT, PARKING LOTS, REGULATION, PARKING POLICY 

 

1. Introduction 
Rapid increase in the individual car transportation in the last 

decades brought many problems into the regional dynamic and 
static transportation. Solving these problems depends on the 
different approach to this situation. Approach from the developed 
countries, where the increase in the car transportation leads to the 
unsustainable development of the roadway network and parking lot. 
There was an effort to make public transportation more attractive, 
but the result was always the increase in the individual car 
transportation and the decrease in walking and biking. 

 
Fig. 1 Total passenger transport performance by mode in Slovakia (1995 – 
2010). Source: Ministry of transport SR 

It is important to adopt new regulations, which will actively 
support the measures to limit the individual car transportation. For 
example, limited offer of the static transportation in the exposed 
urban areas can increase attractiveness of the public transportation 
or biking. 

This approach can improve the competition between the eco 
transportation and the car transportation. Improvement of the public 
transportation cannot be just one measurement how to limit the car 
transportation, but it could be a prerequisite for the regulation of the 
static and dynamic transportation. 

2. Real status 
The huge increase in the individual car transportation and the 

intensive development during last years brought big problems to 
static and dynamic transportation. 

Bad parking habits decrease the flow on the roads and 
sidewalks, too. As a result, we have slowing the traffic flow, traffic 
jam and negative impact on the ecology. Complications in static and 
dynamic transportation have impact on the number of the car 
accidents, too. 

Big industrial zones usually have their own employee’s parking 
lots, but these are usually insufficient, compare to the number of 
cars. Opening of the new small businesses brings problems, too. 
These businesses are opened in reconstructed objects without 
sufficient parking capacities neither for the employees, nor for the 

customers. Fewer restrictions from the view of static transportation 
are in the rural areas. There are less public buildings and a demand 
is satisfied with the private capacities. 

3. Public parking policy intentions 
Major intention of the public parking policy, is to reach a 

balance in the parking situation all over the cities. It can be reached 
through: 

- equal parking conditions in all town regions, 
- enable flawless parking in all residential areas, 
- creation of balanced  parking system, which divides between 

local citizens and visitors, 
- united parking conditions and certifications in the entire city, 

including united system of fees with the different operators. 

4. Partial objectives of the town parking policy 
To reach the major intention of the town parking policy, it is 

necessary to fulfill the following partial objectives: 

- obtaining again the spaces on behalf of the dynamic car 
transportation as a necessity for the other users of the street as 
pedestrians, cyclists, and parking lots, 

- creation of the conditions and the regulations for the limitation 
of the downtown individual transportation, 

- preferred short term parking to the long term parking and 
improvement of the residential parking situation, 

- lowering the number of the all day reserved parking lots and 
the preferring the  public transportation, 

- improving conditions for the suppliers,  
- lowering the impact on the environment and increasing the 

safety of the transportation and humanization of the street 
spaces, 

- creation of the regulated parking zones in the other city zones, 
- equalization of the parking conditions inside the city 

boundaries and improving the conditions for the local parking 
in the particular city zones, 

- considering the local conditions for the parking and 
employment of the local municipalities and citizens, 

- optimal and coordinated approach to the parking regulation in 
the all areas of the municipalities, with the unifying effect of 
the parking cards and documents, 

- paid parking system, 
- functioning pool parking with the connection to the public 

transportation, 
- preferring of the public garage parking lots with the connection 

to the public transportation because of the limitation 
downtown, 

- united information and guided parking system. 

5. Steps to achieve objectives 
Basic measurements for achieving the goals should be counted: 

- lowering the volume of the unwanted transportation: 
o support of urban and suburban public pass. transport, 
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o elimination of transit traffic and creating of zones 
without transit traffic possibilities, 

o on-line information system about free parking places in 
city, 

o carpooling, 
- humanization of the street spaces: 

o increase of pedestrian safety and  making more places 
without car traffic, 

o decrease of maximal traffic speed, 
o development of cycling traffic and  facilities for bikers, 

- preference given to the development of the garage parking 
spaces: 
o utilization of curtilage between buildings for parking, 
o bulk parking houses building, 
o using of automatic parking systems, 

- residents favour and better transport services in city center: 
o favour for residents by the night and during the day, 
o supply places with time regulation, 
o regulation of transport servicein zone for pedestrians, 

- development of the widespread parking system: 
o function changes of parking places and tax difference, 
o integrated parking system, 
o coordination of static transport for city full-area, 

- systematic control and the effective repression: 
o 24 hour of day, 
o 365 days of year. 

 
Fig. 2 Proposed parking zones in the center of the city Bratislava. 

6. Integration of public passenger transport and 
individual car transport 

New strategy of the public passenger transport development in 
the big cities is needed. It is necessary to integrate individual car 
transport and public passenger transport to make synergy effect for 
better inhabitants mobility. 

The first condition of the integration is coordination of 
individual car transport and public passenger transport. It is 
necessary to provide easy change from the individual cars to the 
public passenger transport for passengers at the stops (fig. 3, point 
A), transfer terminals (fig. 3, point B) and park&ride parking lots 
(fig. 3, point C). The aim is to eliminate individual cars driving into 
the city centers (fig. 3, point city). 

The second condition is tariff integration of individual car 
transport and public passenger transport. The tariff integration is 
possible to do between tariffs of static transport (parking fees) and 
tariff of public passenger transport (tickets for public transport). The 
tariff integration is schematically illustrated at figure 4. 

 
Fig. 3 Coordination of individual car transport and public passenger 
transport. 

 
Fig. 4 Tariff integration of individual car transport and public passenger 
transport. 

7. Parking lots and parking systems 
Parking lot attraction and willingness of the drivers to park their 

cars at the parking lot can be influenced by the nearby services. 

There can be objects directly at the parking lots, or in their 
vicinities, where these services can be offered. 

Services: parking, shopping center, fast food, restaurants, 
hotels, motels, rest areas, getaway and info services, transfer to 
another public transportation, bicycle rentals, car washing, toilets, 
Wi-Fi, auto services, wheelchair access, gas station, division of 
parking lots and signs for better orientation at the parking lot. 

Elimination of the individual car traffic at downtown can be one 
of the possibilities how to overcome the problems in static 
transportation. To reach this status, the drivers must be allowed to 
park their cars in outer parts of the city and continue commuting to 
the inner city by public transportation. In many towns of the world, 
there are functioning parking systems with only one intention – to 
alleviate downtown from the individual transportation. They offer 
the functioning and premium public transportation as an alternative 
to the individual car transportation. 

P&R (PARK AND RIDE) 

This parking system can be used in the combination of car-
pooling parking lots at the suburban areas with the public 
transportation. The system is based on the principle of stopping the 
car at suburban car-pooling lot and continuing by the public 
transportation. 

B&R (BIKE AND RIDE) 
Just as P&R is designated for the cars, so B&R are used by 

cyclists who can continue to the center by the public transportation. 
They can leave their bikes at the parking lot, which is under the 
video surveillance.  

K&R (KISS AND RIDE) 
Is based on the dropping off the commuting person at the bus or 

train station. The person continues on by transferring to the public 
transportation. This system assumes good access to the bus/train 
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stops and requires certain time for the parking over and dropping 
off passenger. The access should be safe and accessible by 
wheelchair. 

P&G (PARK AND GO) 
The system can be used in situation, where car-pooling lot is 

situated at area close enough to the center. A passenger can park the 
car and walk on. 

P&B (PARK AND BORROW) 
P&B parking system can be used in the combination of car-

pooling parking lots at the suburban areas with the electric cars or 
bicycles.  The system is based on the principle of stopping the car at 
suburban car-pooling lot and continuing by the rent electric car or 
bicycle to a city center. The advantage of this parking system is that 
the drivers have not any problems to find parking place in the city 
center. Parking lots in city center are reserved for electric cars and 
bicycles. 

8. Requirements for the parking lots 
The services play major role in selection process by the driver. 

Complex services can increase the quality of the parking lot and at 
the same time the willingness of the driver to stop the car at the 
further place from the trip destination. 

In the table 1 there are services, which should be offered at the 
parking lots and also ability to collect fees for the service. 

Table 1: Overview of the services requested for each type of the parking lots 
and the possibility of their charging. 
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1 – requested service 2 – required service 
A - Park & Ride facilities on the outskirts of town 
B - Multiple garages in the urban areas outside the center 
C - Multiple Garage in the city center 
D - Assigned parking spaces in the urban areas outside the 

center 
E - Assigned parking spaces in the city center 
F - Parking spaces in residential areas 
G - Parking in front of the hospital 
H - Parking in front of the shopping center 
I - Parking in front of cultural and sporting facilities 
 

In the table 2 there are different types of the vehicles 
assigned to the various types of the parking lots and types of 
the inhabitants they are most used. The parking systems are 
also assigned to the various types of the parking lots that 
would apply to them. 

Table 1: Assignment of the various types of the vehicles, inhabitants and 
parking systems to the various types of the parking lots. 

1 – requested 2 – required 
A - Park & Ride facilities on the outskirts of town 
B - Multiple garages in the urban areas outside the center 
C - Multiple Garage in the city center 
D - Assigned parking spaces in the urban areas outside the 

center 
E - Assigned parking spaces in the city center 
F - Parking spaces in residential areas 
G - Parking in front of the hospital 
H - Parking in front of the shopping center 
I - Parking in front of cultural and sporting facilities 

9. CONCLUSION 
The regulation of the static transport is essential to maintain a 

sustainable urban transport and the areas function, including historic 
centers of the big cities. 

It is necessary to systematically solve the static transport 
throughout the city. The uniformity must be achieved in the parking 
policy, the gradual unification of the payment of dues, the 
organization of the vehicle parking and shut-off in all urban areas of 
the cities. It is necessary to build the new parking area as to meet 
the requirements for the humanization of the space (plant the trees, 
shrubs, grass, flowers or the other greenery). 

Sustainable mobility of the population in urban areas is possible 
only by integration of all transport modes, provided support for 
public transport and regulation of individual car transport.  
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Fig. 5 Proposed P&R parking lots in the city Bratislava 
 

Table 3: Proposed tariff for static transport in the city Bratislava 

 

 

C = fee 
JP = one time fee 
MP = service charge 
RK1 = resident card for 1st car 
RK2 = resident card for 2nd and other car 
PPK = prepaid parking card 
TCL = tourist ticked for public transport valid for 24 hours 
PCR = prepaid ticked for public transport valid for 1 year 
CL1C = single ticked 
* - it is possible to use PPK for concrete parking zone 
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Weekdays 

8:00 a.m. – 4:00 p.m. 

Weekdays 
4:00 p.m. – 8:00 a.m., 

Saturday, Sunday, hollidays 

Resident Not resident Resident Not 
resident 

Parking 
places at 
the street  

Center  

RK1  
C=1xMP  
RK2  
C=1xPCR  

JP  
C=1xTCL/h  
PPK  
C=4xPCR  

RK1  
C=1xMP  
RK2  
C=1xPCR  

0,- €  

Wider 
center  

RK1  
C=1xMP  
RK2  
C=0,5xPCR  

JP  
C=0,5xTCL/h  
PPK  
C=2xPCR  

RK1  
C=1xMP  
RK2  
C=0,5xPCR  

Center-
side  

RK1  
C=1xMP  
RK2  
C=0,2xPCR  

JP  
C=0,2xTCL/h  
PPK  
C=0,8xPCR  

RK1  
C=1xMP  
RK2  
C=0,2xPCR  

Without 
tax  

RK1  
C=1xMP  0,- €  

RK1  
C=1xMP  

Bulk 
parking 
houses  

Center  

RK1  
C=1xMP  
RK2  
C=0,7xPCR  

JP  
C=0,7xTCL/h  
PPK  
C=2,8xPCR  

RK1  
C=1xMP  
RK2  
C=0,7xPCR  

JP*  
C=0,30 €/h  

Wider 
center  

RK1  
C=1xMP  
RK2  
C=0,3xPCR  

JP  
C=0,3TCL/h  
PPK  
C=1,2xPCR  

RK1  
C=1xMP  
RK2  
C=0,3xPCR  

Center-
side  

RK1  
C=1xMP  
RK2  
C=0,1xPCR  

JP  
C=0,1xTCL/h  
PPK  
C=0,4xPCR  

RK1  
C=1xMP  
RK2  
C=0,1xPCR  

Without 
tax  

RK1  
C=1xMP  
RK2  
C=0,05xPCR  

JP  
C=0,30 €/h  
PPK  
C=0,1xPCR  

RK1  
C=1xMP  
RK2  
C=0,05xPCR  

P+R  

0,30 €/h.  
2 x 60 min. CL1C for public transport entitles to free parking for 12 
hours  
24 hours (and more) tourist ticket for public transport entitles to 
free parking  for 24 hours (or more)  

Zone for pedestrians  Parking is not allowed  

P&R parking lots – incomming cars 
P&R parking lots – outcomming cars 
 
  Railway lines 
 
  City public transport lines 
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HOW TO REDUCE EMISSIONS ORIGINATED IN ROAD TRANSPORT? 
 

doc. Ing. Rievaj V. PhD.1, Ing. Majerová  Z.1, 
Faculty of Operation and Economics of Transport and Communications – University of Žilina, the Slovak Republic 1 

 

 

Abstract: The road transport is an important polluter of the environment, mainly due to the production of exhaust gases, solid waste and 
outflow of petrol products, which support the rise of global warming. This is the reason why this article points out various possibilities of 
reduction of the negative impact of road transport on the environment. Technical progress in construction of vehicles and tightening of 
emission limits of road vehicles is indisputable. But there is still the scope for minimizing emissions by limiting rides with a cold engine and 
for short distances. There is the comparison of the production of emissions produced by cold engine and engine heated at operating 
temperature described in the article. We also analyze the influence of technological equipment of vehicles on the automotive consumption 
(the ride with cruise control and without it), the influence of choosing the appropriate gear on automobile consumption and the influence of 
the chosen route on the automotive consumption. The aim of the article is to highlight the possibilities of reducing the fuel consumption by 
not only technical measures but also by the effective organization of transport. There will be used laboratory measurement, vehicle driving 
tests and theoretical comparisons of the influences of different combinations of driving resistors for the final comparison and conclusion of 
the article. 
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1. Introduction 
It is obvious that transportation is a major greenhouse gas 

producer. These gasses seriously affect changes in our climate. 
These changes manifest themselves in higher temperatures, 
increased rainfalls. Ocean water levels a rising as a result of melting 
glaciers. It is essential to apply measures that will stop or slow this 
process.  

The vast majority of greenhouse gasses produced in 
transportation are contained in exhaust gasses of automobiles. CO2 
is considered the most important of the greenhouse gasses. 2.5 
kilograms of CO2 are produced for every kilogram of burnt fuel. 
Exhaust gasses also contain NOx, CO, unburnt hydrocarbons HC, 
smut, formaldehydes and sulphur. These are not only affecting the 
greenhouse effect but are also dangerous to human beings. They are 
poisonous and carcinogenic. 

2. Influences on fuel consumption1 
Car engine must expend some work to repress road resistance. 

The engine has to consume some amount fuel. Size consumption of 
vehicle is affected by the technical level of the vehicle and 
especially by the driver behavior. Following text presents some 
driver choices affecting fuel consumption. 

Gear changes  

The easiest way to reduce fuel consumption is correct driver 
behavior. Drivers tend not to use correct options for their vehicle. 
Gear changes significantly affect fuel consumption. Lets consider 
Suzuki SX4 as an example. The engine of this car meets the Euro 5 
emissions limit. Its displacement is 1500 cm3 and power output is 
82 kW at 6000 rev / min. The measurements were performed on 
chassis dynamometer MAHA 2000 LPS. It allows simulating 
constant speed drive by generating artificial drive resistance. For 
each driving speed the level of resistance used was based on real 
world aerodynamic resistance of the vehicle and the tire resistance. 
This results in comparable fuel consumptions of specific speed. Fig. 
1 shows the measurement results.  

For example for driving speed 50km/h can driver use gears II. 
III. IV. or V. Fuel consumption would change from 6.1 to 3.5 liters. 
This means consumption reduction of 42.6%. If we assumed the 
same composition of the exhaust gases, emission production 

 

 

Fig. 1 The consumption of Suzuki SX4 in dependence on the driving speed 
and gear usage1. 

would be reduced by the same ratio. This statement is not absolutely 
precise when related to the engine load. During movement of the 
vehicle has to overcome variety of resistances. Correct driver 
choices and techniques can influence their amount and consequently 
the fuel consumption of the vehicle.  

Tire resistance 

Tire resistance depends on several conditions. Wheel size is one 
of the major factors. The driver is not able to affect this parameter 
because it depends on the particular vehicle design. Tire resistance 
also depends on the state of tires. Rolling resistance depends on the 
tire pressure. This dependency is shown in Table 1.  
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Table 1: Estimated roll resistance and tire life based on inflation pressure 
 

% tire pressure %  life time % change of rolling 
resistance 

115 90 - 
100 100 100 
85 75 107 
70 50 118 
55 35 140 
40 10 - 

Source: Continental 
 

Research indicates that the vast majority of drivers are driving 
on the incorrectly pressurized tires. Most of them don’t know the 
correct values or where to find them Consider 100% as the correct 
inflation. 15 percent lower tire pressure of 40 ton road train with 
45% energy efficiency (50% engine, 90% of transmissions) results 
in fuel consumption increase by 1,03 l/100km.  When driving 8 000 
km per month, this results in fuel consumption increase of 82.32 
liters. The emission production will be increased accordingly. 

Table 2: Effect of roll resistance coefficient f  on fuel consumption and CO2 
production 
 

rolling resistance 
coefficient f 0,009 0,006 0,0045 

litres/100 km 22,2 14,8 11,1 

consumption for 
200 000 km [liter] 44 400 29 600 22 200 

CO2 for lifetime 
200 000 km 110 500 kg 73 500 kg 55 500 kg 

saving fuel 
[liter] 0 14 800 22 200 

for drive 
200 000 

km – 
average 

lifetime of 
vehicle tire 

kg 
CO2 

0 37 000 55 500 

 
15% lower tire pressure can’t be detected visually. Driver must 

use measuring device. The construction of tires has an important 
influence on fuel consumption. Diagonal truck tire, reaches a 
friction coefficient f = 0.009. Radial for the same type of vehicle 
reaches rolling resistance coefficient f=0,006. The highest quality 
tires have a rolling resistance coefficient f=0,0045. Table 2 shows 
how this parameter can influence fuel consumption. The conversion 
was done by a road train weighing 40 at the 45% utilization of 
energy contained in the fuel. Average lifetime of vehicle tire is 200 
000 km, when driving on quality road. The technical condition of 
the vehicle is also important.  For example a 2 mm convergence 
error on the front axle with 6 ton load, can cause an 0.25 liters per 
100 km consumption increase. 

Fig.2 Resolution of forces on front wheel 

 

 

 

 

 

 

 

Front axle: 
Load of 6 tons 
Tires 275/70 R 22.5 
Μ = 0.8 
45% efficiency in energy use 

Incorrect convergence will cause the vehicle to produce about 
650 kg of CO2 more when driving 100 000 km per year. Similarly 
when the vehicle is driving on curved road, forces decomposition 
occurs and the vehicle rolling resistance could be up to several 
times higher when compared to the straight road. Increased 
consumption of the vehicle may be cause by the brakes that fail to 
sop braking completely. Brakes remain in partially blocked 
position, generating more resistance and increasing vehicle fuel 
consumption. Dirty air cleaner will cause increased internal 
resistance of the engine and reduce engine power, and it leads to an 
increase in fuel consumption. 

Aerodynamics resistance 

It occurs whenever the vehicle is in motion. Its amount is 
defined by the following formula.  

20386.0 VScO dv ⋅⋅⋅⋅≅ ρ  

cd   is a coefficient based on the shape of the vehicle, 

S is the size of the frontal area of the vehicle in m2,  

ρ  is the air density in kg/m3 

V  is the vehicle speed in km / h. 

If all other parameters remain constant, with an increase in 
speed of 60 km / h to 100 km / h, the air resistance will increase 
2.78 times. In Figure 1, this increase is only 1.9 liters per 100 km, it 
is increase of 41.5%. on V. the gear selected. The apparent 
contradiction can be explained by the argument that the vehicle 
results are also affected by tire resistance, which grows only about 
26% due to changes in speed. Engine power is transmitted through 
the gearbox assembly, whose efficiency can be considered 
immutable. The results are collected in real measurements and 
engine vehicle changes its effectiveness depending on engine speed 
and load engine. Change of the size air resistance is proportional to 
the change of the frontal area size, as well as change of cd 
coefficient. The same influence has got slight changes shape of the 
vehicle on air resistance coefficient, and mainly on the fuel 
consumption. 

Fig. 3 Effect of body shape changes on the drag coefficient cx 

 

 

 

 

 

 

 

 

 

 

Source: http://en.wikipedia.org/wiki/Drag_coefficient 
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The most widely used adjustments to the shape of a vehicle 
focused on air resistance coefficient cd reduction are listen in figure 
4: 

Fig.4 Elements reducing drag of trucks and road trains 

 

1 – deflector 

2-   edge rounding 

3 – swirl stabilizer 

4 – gap covering 

5 - additional spoiler 

6 - wheel disks covers 

7 - body sides covers 

Table 3: Comparison of power required to overcome roll resistance and 
drag in different speeds between car and lorry 

POv POf Gear lost
Engine 
power

[kW] [kW]p g  
car 7,5 4,7 1,6 13,8

vehicle 83,4 79,6 18,1 181,1p g  
car 4,5 3,9 0,9 9,3

vehicle 49,8 61 12,3 123,1p g  
car 2,4 3,2 0,6 6,2

vehicle 26,7 41,6 7,6 75,9p g  
car 1,1 2,4 0,4 3,9

vehicle 12,2 38,2 5,6 56

80

65

50

V 

[km/h] [kW]

95

 
The size of the frontal area also influences the drag of the 

vehicle. This parameter depends on the vehicle design but it is 
affected by the installation of different superstructures. Speed of the 
vehicle is the most important influence. Speed is expressed as the 
second power of its value. If vehicle increases the speed 2x, air 
resistance will be increased  4x times. The part of engine power that 
is used to overcome the air resistance and rolling resistance is 
shown in Table 3. The calculation was made for truck weight m = 
40 tonnes, the size of the frontal area S = 10 m2; gear efficiency ηp 
= 0.9; air resistance coefficient of cd = 0.7, and rolling resistance 
coefficient f = 0.007. For comparison served passenger car weight 
m = 1.5 tonnes, frontal area S = 2.1 m2, mechanical transmission 
efficiency ηp = 0.9, air resistance coefficient of cd = 0.3, rolling 
resistance coefficient f = 0.012. Temperature and pressure have 
influence on change the size of air resistance. Change the 
temperature from 0 °C to 38 °C results in decreased air resistance 
by 14%, change of the elevation by 1219 m decrease air resistance 
by 17%. 

Gradient resistance 

Road gradient results in major increase of fuel consumption. To 
determine the influence, we used a road train with weight 40 tons 
and with 45% efficient fuel energy (diesel engine with 50% 
efficiency and 90% efficiency of the gear system) utilization. The 
calculation makes provision for only the increase in potential 
energy of the vehicle at a constant other driving resistance. 
Recalculation is accomplished on the distance traveled of one 
kilometer! We did alike calculation for the comparison of passenger 
car with weight 1200 kg, the gasoline engine has 35% efficiency 

and effectiveness of the gear system is 93%. Lots of drivers think 
that higher consumption when driving uphill flattens while driving 
downhill. Part really save energy, but it's not true.  We determined 
the consumption of the vehicle for comparison when driving on 
constant speed of 120 km / h. Average consumption was 6.2 liters 
per 100 km. Then we drove the vehicle with rising and falling 
gradients in the area of 2 km. The beginning and ending of 
measurement was the same elevation. We kept the speed 120 km / h 
by means of cruise control. The consumption of vehicle was 6,5 
liters per 100 km/h. Difference efficiency of the engine caused the 
difference, because it worked in another a load mode against 
driving the plane.  

Table 4: Fuel consumption required to overcome 1km uphill road 

vehicle
car 

passenger
1 0,22 0,012

2 0,44 0,024

3 0,67 0,035

4 0,89 0,047

5 1,11 0,059

6 1,34 0,071

7 1,56 0,082

8 1,78 0,094

9 2 0,106

Gradient 
[%]

Litrs/ 1 km

 
Acceleration of the vehicle 

The vehicle obtains during acceleration the kinetic energy. 
Energy is converted to heat during braking and is irretrievably lost 
if it is not a hybrid vehicle. These vehicles are preferable on routes 
with frequent change of speed. For example, the supplying in the 
city, city bus, logistics of waste, etc. The advantaging of hybrid 
vehicles disappear when the vehicle is driven at a steady speed. To 
quantify possible savings of fuel, we calculated the unused kinetic 
energy attributable to one liter of fuel when the vehicle stops. To 
compare the results of road train with weight 40 tons with 45% 
efficient utilization of energy contained in the fuel (diesel engine 
with 50% efficiency and 90% efficiency of the gear system) and 
passenger car with weight 1200 kg, the gasoline engine has 35% 
efficiency and effectiveness of the gear system is 93%. Results are 
presented in Table 5. 

Table 5: The amount of fuel wasted by 40 ton road train stopping from (50 
km/h) 

POv POf Gear lost
Engine 
power

[kW] [kW]p g  
car 7,5 4,7 1,6 13,8

vehicle 83,4 79,6 18,1 181,1p g  
car 4,5 3,9 0,9 9,3

vehicle 49,8 61 12,3 123,1p g  
car 2,4 3,2 0,6 6,2

vehicle 26,7 41,6 7,6 75,9p g  
car 1,1 2,4 0,4 3,9

vehicle 12,2 38,2 5,6 56

80

65

50

V 

[km/h] [kW]

95

 
Defensive driving 

The minimalization of the vehicle resistance is base for 
economical driving. The driver is most important to the process of 
minimalization. The choice of driving regime has an influence on 
fuel consumption. Driving at the constant speed, without sudden 
changes in speed is an attribute of defensive driving. This way of 
driving greatly reduces fuel consumption.  

The importance of the driver in relation to consumption and 
thus also to produce emission shows an attempt to form with 
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VOLVO F12 truck, which was pulling a road train with weight 38 
tons. 

The consumption of vehicle when the driver drove with suitably 
chosen gear grade at a constant speed of 75 km / h was chosen for 
basic consumption. The changes of speed between 73-77 km / h in 
well-chosen gear grade caused an increase in consumption at 114%. 
The consumption increased to 124% when the driver selects a gear 
grade on the one lower and maintain a constant speed of 75 km / h. 
The driver choose incorrectly - lower gear grade and speed drive 
was between of 73 to 77 km / h, the consumption increased to 
154%. We did a comparison of driving the vehicle SUZUKI SX 4 
on the highway. We realized the measurement during the ride of 
160 km on the highway. The driver which tried to maintain a 
constant speed of 120 km / h, had an average fuel consumption of 
6.9 l / km. The same ride was realized using cruise control system. 
In this case, consumption decreased to 6.7 litres/100 km. We also 
obtained the same consumption realizing second measurement 
during the ride of 420 km. 

3. Conclusion 
The purpose of this paper was to point out the importance 

of driver behavior and road parameters in relation to the fuel 
consumption. Every slow down, stop, climb and fast driving results 
in increased fuel consumption. The increased fuel consumption will 
increase emissions and greenhouse gas production. Emission levels 
are affected by technical state of the vehicle, correct routing and 
ability of the driver to correctly use the vehicle. 
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THE INFLUENCE OF ALCOHOL CONSUMPTION ON THE REACTION TIME OF 
DRIVERS  
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Abstract: Each driver should drive according to the actual road traffic law of the state where is he situated currently. The law systems of 
various states of Europe allow an increased maximal blood alcohol level of driver. As the fact that no small number of road accidents is 
caused because of the influence of alcohol on the driver, it is necessary to focus the attention of the society on this issue. We will discuss the 
influence of alcohol to change of the reaction of driver in this article. There will be made practical measure of the length of stopping 
distance required to stop the vehicle, which also includes distance, which the vehicle passes during the driver's reaction time (this time 
depends on the level of blood alcohol of driver) while solving this problem. The object of realized measurement is composed by selected 
drivers which physical and mental condition will be assessed on the base of the findings of the blood alcohol level by the relevant test using 
an alcohol tester during the whole measurement and following measure of the length of stopping distance required to stop the vehicle at 
certain blood alcohol levels of driver. The aim of this article is to determine dependencies between the amount of consumed alcohol and the 
length of stopping distance required to stop the vehicle and thus required to the length of the driver's reaction time. 

Keywords: Alcohol consumption, Driver`s reaction time, Stopping distance 

 

1. Introduction 
On the territory of the Slovak Republic is a growing trend in the 

number of registered motor vehicles. Despite of this fact there is the 
constant effort to reduce the number of accidents, especially 
accidents resulting in death or serious injury. A large number of 
these accidents is caused by driver that has consumed alcohol 
before driving. That point occurs despite the fact that the Slovak 
Republic  permit zero tolerance of alcohol measured in breath of 
driver. As for many drivers who cause an accident, breath test 
showed the existence of an alcoholic drink, we wanted to highlight 
by this report the influence of alcohol in the driver's body. As most 
accidents happened in the village and drivers consumed alcoholic 
beverage before each test, realization of measurements was 
conducted at a speed of around 50 kmph. 

2. Theoretical analysis report 
2.1. Distance required to stop the vehicle and the time 

needed to run over 
Distance, which is necessary for the complete halt of the vehicle 

consists of several parts. There is the same composition for the time 
required to stop the vehicle. These times are theoretically shown in 
Figure 1. From the picture it is clear that the car has zero braking 
ratio during the reaction. and thus the speed of the vehicle is the 
same as it was before the reaction time. 

 
Fig. 1 Theoretical course of braking deceleration in time from the 
moment of the impulse for braking the vehicle 

 

 

t1 - driver response time [s] 

t2 - delay time of brakes [s] 

t3 - increased time of braking deceleration [s] 

t4 - time of effective braking 

t5 - total braking time 

t6 - the time needed to stop the vehicle 

Response time is the minimum time that elapses from any 
impulse to any of our sensory organs to our response to this 
impulse. Conditions, in which will be implemented  measuring of 
the reaction time, will be visual stimulus on the driver's reaction. the 
reaction time is an essential part of the time required to stop the 
vehicle, which is influenced by the driver. So if the driver ingested 
alcoholic beverage and it has an effect on the organism, this change 
should be reflected on the reaction time of the driver. 

The time course of driver´s input consists of several sections: 

• Driver´s optical reaction (tr1)- it's time of optical sighting 
information on which driver has to react. 

• Psychological reaction ( tr2)- is the time from the optical 
sighting information to driver´s first muscle response (to 
lift the feet off the accelerator) so-called decision of 
driver. 

• muscle response (tr3) - is the time from psychological 
reactions to first driver´s touch with the brake pedal. 

Length of reaction time is various. Even in one and the same 
person.It changes, for example, depending on his fatigue, ready-to-
action and the anticipation of a situation. It varies also depending on 
time of day. The reaction time varies considerably even in poor 
visibility depending on the contrast of the observed object, 
compared to the surrounding environment. Significant impact on 
the length of the reaction time has also the concentration of alcohol 
in the driver's blood or ingestion of certain drugs, or other addictive 
substances. 

The total length of the reaction time is the sum of individual 
sections of the driver's reaction. The duration of individual sections 
of the driver's reaction time is given in Table 1. 
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Table 1: The duration of individual of the reaction time of the driver. 
 The duration 

 lower 
limit 

average top 
limit 

Optical response:    

a) the driver beforehand directly 
observed a critical object 

0.00 0.00 0.00 

driver followed another object:    

b) up to 5 ° 0.32 0.48 0.55 

c) in the range of 5 ° 0.41 0.61 0.70 

Psychological reaction 0.22 0.45 0.58 

Driver´s muscular reaction 0.15 0.19 0.21 

 

2.2. Alcohol and its effect on the accident rate in the 
Slovak Republic 

In 2012 13,936 traffic accidents happened, in which 296 people 
were killed, 1,100 were seriously injured and 5,322 were injured 
easily. Of these 13,936 accidents 1743 accidents were caused by 
drivers under the influence of alcohol . Overview of road accidents 
in the Slovak Republic and their consequences for the last 8 years is 
given in Table 2. 

Table2: Number of accidents in the Slovak Republic for the last 8 years 

year 
Number 

of 
accidents 

Number 
of easily 
injured 

Number 
of 

seriously 
injured 

Number 
of killed 
people 

Number 
of traffic 
accidents 
caused 

by 
drunken 
driving 

2005 59 991 8 516 1 974 560 2 632 

2006 62 040 8 660 2 032 579 2 887 

2007 61 071 9 274 2 036 627 3 110 

2008 59 008 9 234 1 806 558 3 122 

2009 25 898 7 126 1 408 347 2 524 

2010 21 611 6 943 1 207 345 2 126 

2011 15 001 5 889 1 168 324 1 903 

2012 13 936 5 322 1 100 296 1 743 
 

The number of all traffic accidents and accidents caused by 
drunken driving is shown in figure 2. 

From Figure 2 it is clear that in the last eight years with 
decreasing numbers of accidents there is also reduced number of 
road accidents caused by drivers with alcohol in the breath. 

Table 3 shows the number of traffic accidents caused by drivers 
who had alcohol in the body. The table below shows also numbers 
of  killed, seriously injured and slightly injured persons directly 
related to traffic accidents caused by drunken driving. Data are 
presented for years 2007 to 2012, according to sources that were 
available to the authors. 

 

 
Fig. 2 Graphical representation of the number of accidents and 
road accidents to alcohol 

Table3: The influence of alcohol on amount of dead and injured 

year 

traffic 
accidents 
caused by 

alcohol 

dead 
persons 

hardly 
injured 
persons 

lightly 
injured 
persons 

2007 3 110 30 248 1 183 

2008 3 122 24 209 1 144 

2009 2 524 20 163 839 

2010 2 126 26 146 812 

2011 1 903 34 148 667 

2012 1 743 32 136 585 

The police registered 1743 traffic accidents in Slovak republic 
(year 2012) caused by alcohol drunk by driver. These traffic 
accidents were the reason of dead 32 persons, 136 hardly injured 
and 585 lightly injured. Fig 3 illustrates evolution of amount dead 
and seriously injured persons. 

 
Fig. 3 The influence of alcohol on amount of dead and seriously 
injured persons 

The curve shows decreasing trend of amount of seriously 
injured in the Slovak Republic. The curve has a slightly increasing 
trend in the number of fatalities. This number of fatalities is very 
undesirable, because Slovak Republic strictly requires road 
transport fatalities reduction in its legislative  (National plan of 
safety). It is necessary to focus attention on the partial development 
of accident and the related fatalities. 

2.3. Influence of alcohol on visual sense of drivers 

When the driver drinks, alcohol occurs to different changes in 
human body. Loss of drivers body control and vision is dangerous. 
These defects are called "tunnel effect", which you can see on 
Figure 4. 
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Fig. 4 Tunnel vision, depending on the measured quantity of 
alcohol in the driver's body 

Worse driver´s vision has  these effect: 

• reducing the ability to recognize or fully seen barrier near 
the vehicle 

• reducing vision of the red color (etc. brake lights, red light 
on traffic lights) 

• decrease of peripheral vision  and orientation 

• increase self – confidence 

• willingness to take risks (increased aggression) 

• decrease of the flexibility of driver´s eyes for changes in 
light intensity 

• disruption of motor functions of the body (problems while 
driving vehicle, problems with changing gears, mistakes 
in the controlling pedals, etc.) 

• decrease of auditory perception 

Several effects are demonstrated on our measurements, which 
were realised on Department of Road and Urban Transport on 
University of Žilina. 

3. Analysis and results of measurements of the 
driver's reaction time 

This article was prepared on the basis of several measurements. 
The measurements were made on airport in village Rosina. There 
were policemen and rescue service. Measurements were made with 
vehicle of driving school, which had auxiliary pedal. The instructor 
of driving school sat beside for driver´s safety if driver doesn´t stop 
vehicle, because he won´t  respond on barrier. 

Base information about measurements: 

• 5 people were attended of measurements (3 adult men, 2 
adult women) 

• each had driving licence and practice with driving vehicle 

• nobody before measuring  drink alcohol 

• the measurement was made on two vehicles of driving 
school with auxiliary pedals. 

• the first measurement was slalom, influence of alcohol 
drink on driver´s reaction.. 

• the second measurement was made thanks of cameras, 
which were inside vehicle. The result was on driver´s 
reaction time. The camera recorded the reaction of the 
driver's feet on impulse of stop vehicle. This measurement 
was realized through measurement distance thanks on 
stop vehicle, which is included of distance moved for 
driver´s reaction time. 

• they drank 0,04 liter of alcohol (alcohol content 37,5 %) 

• measurement conditions: sunny weather all time, road was 
dry 

• The vehicle went speed approximately 50 km.h-1 while 
second vehicle stayed on opposite side. This vehicle 
lighted up distance light. 

Each driver had made 11 measurement on vehicle A and 11 
measurement on vehicle B when drivers drank alcoholic drink. At 
the beginning the measurement was made with two vehicles  and 
two drivers without alcohol in breath. 

 
Fig. 5 Measuring the amount of alcohol in breath 

The measurements were ascertained two results. First result was 
test with vehicle A and second result was test with vehicle B. First 
measurement was realized with two vehicles with drivers without 
alcohol in breath at the beginning. 

Test abilities were realized with the vehicle A thanks to slalom 
forward and backward between conics.Results are included in tab 4.  

Test measurement of distance necessary to stop the vehicle was 
realized on the vehicle B. 

Two cameras were installed in vehicle. One camera was 
installed on frontal area of the vehicle. This camera is recording 
light signal, which driver gets from vehicle on the opposite side of 
the road. (fig. 6 up) The movement of driver´s foot was recorded by 
the second camera. (fig. 6 down) 
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Fig. 6 Data from cameras in vehicle B 

Measured values and outputs of measurements: 

Table4: Influence of consumed alcohol on number of knocked down cones 
 

ride 
direction

1. 
Driver

2. 
Driver

3. 
Driver

4. 
Driver

5. 
Driver

forward
backward
forward 1

backward
forward

backward
forward

backward 1
forward

backward 1
forward 1

backward 1
forward 2

backward 1 2 1
forward

backward
forward

backward 2 1
forward

backward 2 1 1 2
forward 2

backward 1 2 2 1
forward 1

backward 1 1
0,44 l of 
alcohol

0,2 l of 
alcohol
0,24 l of 
alcohol
0,28 l of 
alcohol
0,32 l of 
alcohol
0,36 l of 
alcohol
0,4 l of 
alcohol

0,00 l of 
alcohol
0,04 l of 
alcohol
0,08 l of 
alcohol
0,12 l of 
alcohol
0,16 l of 
alcohol

 
Table 4 shows that with increasing amount of alcohol consumed 

by drivers is the growing number of cones knocked down. With the 
increasing amount of alcohol consumed by driver decreases 
orientation and responsiveness to external influence is reduced . The 
driver with alcohol in blood can´t see the change of cones. The 
driver threw down cones and he didn´t know about it. This 
conclusion may be told on base data outside cameras, which 
recorded collision of vehicle with cones. 

Dependence between the measured amount of alcohol in the 
breath of the driver and his reaction time is shown in Figures 7 to 
12. 

 
Fig. 7 Dependence of the impact of the quantity of alcohol in the 
breath to the reaction time of the first driver 

 

 
Fig. 8 Dependence of the impact of the quantity of alcohol in the 
breath to the reaction time of the second driver 

 

 
Fig. 9 Dependence of the impact of the quantity of alcohol in the 
breath to the reaction time of the third driver 
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Fig. 10 Dependence of the impact of the quantity of alcohol in the 
breath to the reaction time of the fourth driver 

 
Fig. 11 Dependence of the impact of the quantity of alcohol in the 
breath to the reaction time of the fifth driver 

The figures show how  the reaction time of each driver  is 
changing due to growing amount alcohol in blood. From figures 7 - 
11 we can see, that the reaction time of drivers is increasing about 
twice to approximately 1.5 ‰ of alcohol measured in the breath of 
the driver. 

4. Conclusion 
The tunnel vision should be created when driver drinks alcohol. 

The driver is losing peripheral vision. This confirms the results of 
measurement on vehicle A. All drivers have reacted at the impulse, 
which they saw in a straight line in front of them (it was placed 
directly in the tunnel, which drivers saw). Peripheral vision wasn´t 
necessary. Increase reaction time of each driver was caused by the 
influence of alcohol. The reaction time also increases with the 
amount of consumed alcohol. We can see this on the trend curve. 
For Some drivers within about 0.5 ‰, this trend curve does not 
increase, but it is stagnant. This fact may be the base for more 
solutions of  problems with alcohol consumed by drivers. 

_______________________________________ 

REFERENCES  

[1] STRAKA, Ľ a kol., Alkohológie v soudním lékařství, 
Vydavateľstvo OSVETA, Martin, 2011. ISBN 978-8080-633677 

[2] BEDNAŘÍK, M. – ŠIROKÁ, M., Rýchlost a bezpečná 
jízda, Státni pedagogické nakladatelství Praha, 1972, 14-583-72 

[3] JUREČKA, M., ŠARKAN, B.,  Speech signal processing 
using pulse coupled neural network, In: Information technologies 
and systems 2012 (ITS 2012) : proceeding of the international 
conference : (BSUIR, Minsk, Belarus, 24th October 2012). - Minsk: 
BSUIR, 2012. - ISBN 978-985-488-926-9. - S. 224-227. 

[4] RIEVAJ, V., TSEVEENNAMJIL B., Možnosti 
zvyšovania kvality prípravy vodičov In: Aktuálne problémy v 
podnikaní v cestnej doprave - CEDOP : 12. odborný seminár : 17.-
18.5.2011 Terchová : zborník príspevkov. - Žilina: Žilinská 
univerzita, 2011. - ISBN 978-80-554-0361-8. - S. 84-89 

  

 

16



CRITERIA FOR OPENING OF TECHNICAL INSPECTION STATIONS 
- STUDY OF REPUBLIC OF MACEDONIA 

 
Dr Ivo Dukoski1, Toni Petreski2, Mr Nikolce D. Talevski1,  

University "Sv. K. Ohridski"In Bitola, Faculty of Technical Scienties Bitola, Republic of  Macedonija 1 

AMD - STATION FOR TECHNICAL INSPECTION Kičevo Republic of  Macedonija 2 

 

 
Abstract:   Each procedure should have to be in certain frame. That frame always has to be based on certain support. The support 

and the maintainability of this real research is in exact determination of the criteria for opening of vehicles technical inspection station. 
High imperative that is product of this paper is the connection of the legal and the technical criteria. Nowadays when each material is 
strictly regulated with in advance defined procedures, rules and regulations it freely could be stated that in spite of the clearness of the 
procedures each beginning is difficult. But the logistics in here is to give one different contribution of this field. Therefore in this paper all 
approaches, concepts and aspects that logistic offers will be offered about real benefit for opening of vehicles technical inspection station. 
This research is concerned for Republic of Macedonia where the state laws are valid, but anyway the directives of the European Union will 
be the frame from which we will not go out. That is from the simple reason that Republic of Macedonia is candidate for membership in this 
Union. 

 

Keywords CRITERIA, STATION FOR TECHNICAL INSPECTION STI, LOGISTICS, VEHICLES   
 

1. Introduction 
 

The functioning of the society and humanity, mobility of 
the cities, modern living conditions, should undoubtedly be 
followed by effective, efficient stations for technical inspection. 
One such system with measures, actions, legal regulation, and rules 
that refer to the technical inspections will be represented in this 
paper. The review that represents basis of this paper refers on real 
data about Republic of Macedonia. Therefore the procedures about 
defining the criteria necessary for the functioning of the stations for 
technical inspection will be reviewed systematically and the offered 
solutions that will come out of it with all benefits will be able to be 
recognized through the possibility of the users (owners of the motor 
vehicles) to provide sufficient, requested and also higher level of 
services.   

The organization of the process about defining the criteria 
about the stations for the technical inspection should be priority for 
each state. Imperative of each state is well planned procedure and 
scheme according which these criteria should be applied, that are 
enough complex and have great influence upon the quality of the 
performing of this activity. From the existing technical inspection 
stations in Republic of Macedonia is required forming of optimally 
organized system in accordance with the needs of the motor 
vehicle’s owners. 

 In future this system supported by relevant criteria could 
result in successful long term, and first of all effective policy and 
strategy about qualitative and precise defining of the conditions for 
opening of technical inspection station. While the applied measures 
and solutions for Republic of Macedonia would be field of 
realization of the concretely quoted criteria, with stressing out the 
legal regulations and rules that govern in Republic of Macedonia. 

 The influential indicators that would be represented in this 
paper with its positive sides will additionally influence in obtaining 
of uniqueness and introduction of one qualitative approach when it 
is a word about technical inspection stations also in Republic of 
Macedonia. At the same time the quoted criteria would be the 
institutional frame for implementation of each improved novelty in 
this field.  

 

 

 

 

2. Personnel, Spatial and technical conditions that 
must be fulfilled by legal entity authorized for 
technical inspection stations 

 In accordance with the Law stipulation from the Law 
about vehicles, technical inspection of motor and attached vehicles 
could be performed by legal entity that will be authorized by the 
internal affairs minister. In order to get the authorization the legal 
entity should fulfill the conditions that refer to: 

- adequate vocational personnel, 
- necessary equipment and devices, 
- space, and 
- insurance of professional responsibility. 
The personnel, spatial and technical conditions that must be 

fulfilled by the legal entity authorized for technical inspection of 
motor and attached vehicles, the same are regulated with sub law 
act – Book of Regulations about technical inspection of vehicles. 

    2.1. – Personnel conditions   
According to the Book of Regulations about technical 

inspection of vehicles, the organization for performing of works 
about: 

- observation and standardization of the criteria for 
performing of technical inspection, 

- giving of expert help and instructing the skilled 
personnel that perform the technical inspection, and 

- performing of expert supervision of technical 
inspection at the authorized legal entity, 

is performed by a manager with completed high education 
with adequate profession, (Mechanical faculty – direction road 
transportation, Electro technical faculty, Transportation faculty – 
direction road transportation) and with working experience of at 
least three years in the field of motor vehicles. 

Technical inspection of vehicles at the authorized legal 
entity is performed by at least two expert persons for performing of 
technical inspection who have: 

- completed secondary vocational education of traffic, 
mechanical and electro technical direction. 

- completed specialized education for profession 
controller for performing of technical inspection of 
motor vehicles. 

- license issued by the Internal Affairs Ministry 
- driving license for driving a vehicle of at least “B” 

category, and 
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- working experience of at least three years from the 
field of motor vehicles. 

 
2.2. – Spatial conditions 
The spatial conditions are defining the conditions that must 

meet the building that is used by the legal entity for performing of 
technical inspection of vehicles.  

The same must be built of hard construction, and the 
technological line should be adequate for maximum allowed 
dimensions of vehicles of the categories for which the legal entity is 
authorized to perform the technical inspection of vehicles. 

In the building of the station for technical inspection of 
vehicles should have to be found room for: 

○administrative works 

○technical inspection of vehicles 

○registration of vehicles and 

○work with parties. 

2.3. –  Technical conditions and equipment for 
performing of technical inspection  

The technical conditions and the equipment for performing 
of technical inspection of vehicles are defining: 

- the devices and the equipment that must be possessed 
by the station for technical inspections, 

- the informative equipment connected in unique system 
that will allow application of unique program solution 
for automatic processing of data about the technically 
inspected vehicles and safe transfer of the same to the 
automatic recordings of the registered vehicles that is 
kept by the Internal Affairs Ministry. 

 

The authorized legal entity for performing of technical 
inspection of vehicles, should possess the following devices and 
equipment: device with rollers, device for measurement of the 
idle stroke of the steering wheel (angle meter), device for 
control of the direction and the intensity of the lights 
(Regloscope), Dynamometer for measurement of the force of the 
pressure on the pedals of the operating brake, Compressor, 
Meter (nonius) for measurement of the depth of the design of 
the pneumatics, Device for measurement of the noise that emit 
the vehicles (Fonometer), Device for spectral measurement of 
colors – Spectrophotometer and a catalogue for determining the 
nuance of the color of the vehicle, Meter or Metering tape, 
Device for measurement of emitting of smoke, Device for 
measurement of volume percentage of carbon monoxide, Stop 
watch or adequate chronometer, Indicator for check up of the 
evaporation point of the braking fluid, Device for control of the 
attachments on the electrical installation, Device for control of 
the highest speed of the mopeds, Device for intake of the 
exhaust gasses, Device for checking of the impermeability of the 
gas installations – gas detector, Device for checking of the 
correctness of the elements of the system for elastic support and the 
system for guidance of the wheels of the vehicle, Device for control 
of the geometry of the steering mechanism – directing, Measuring 
device for checking of the dimensions, axles span and wheels span; 
Device for measuring the darkness of the glasses, catalogue with 
homologation markings of the wheel; Device for measurement of 
the deceleration of the vehicles at the streets; Two wedge-shaped 
pads for the vehicle wheels; Device for testing of the braking 
system at moped and motorcycle; Informative system that will 
allow application of the simple program solution for automatic 
processing of data about the technical inspections of the vehicles; 
CCD camera with software for recognition of letters and numbers 
of registration plates, connected with the informative system; Basic 
auto mechanical tools: Skilled literature and catalogues; Rules about 

standards for the vehicles that are subject to technical inspection; 
manuals for handling and maintenance of the technical equipment; 
and also other rules that are of importance for performing of the 
technical inspection: Canal for checking of the undercarriage of the 
vehicle with minimal length of eight meters, width of 0.8 to 1.0 
meter and depth of 1.4 to 1.8 meters with (Canal lifting device 
(hydraulic or pneumatic) for lifting of at least one axle of the 
vehicle with capacity of at least 3.5 in other words 12 t for freight 
vehicles and Hydraulic device for control of the gap in the steering 
system, guiding and supporting of the vehicle. 

Beside the above quoted devices for technical inspection of 
the vehicles, the authorized legal entity for performing of technical 
inspection should have also: 

1. At least two analogue manometers for measurement 
of pressure in the pneumatic braking system of the 
vehicle, with length of at least 12 meters with 
standard attachments; 

2. Adapter with which the manometer could be 
attached with the standard attachments on the 
pneumatic braking system of the vehicle, on which is 
connected the pneumatic braking installation of the 
attached vehicle. 

3. Adapter with the help of which the manometer could 
be connected on the steering (yellow) and feeding 
(red) line between the towing and the attached 
vehicle; 

4. Manual valve for regulation of the compressed valve. 
The authorized legal entity should possess adequate 

informative equipment connected in unique system that will allow 
application of unique program solution for automatic processing of 
data about the technically inspected vehicles and safe transfer of the 
same to the automatic recording of the registered vehicles that is 
kept by the side of the Internal Affairs Ministry. With the unique 
system it should be allowed: 

1. scope of data about the vehicle and the owner and also 
number of the technical inspection in accordance with 
the data consisted in the driving license; 

2. scope of results of measurements of the measuring 
devices and input of the irregularities established from 
the visual inspection of the vehicle through the 
computer system in the database; 

3. preventing of change and correction of the measured 
values. 

4. record for technical changes established at the vehicles; 
5. creating of security copies of the data about the vehicle; 
6. preventing of any change of the security copies; 
7. searching of data according to the registration markings 

of the vehicle, number of the chassis, date of the 
performed technical inspection or number of the 
technical inspection; 

8. statistical processing of the data about the performed 
technical inspections; 

9. attachment of the devices for: (measurement of the 
smoking of the diesel engines, measurement of the 
exhaust gasses of the petrol engines, measurements of 
the mass of the vehicle by axles, measurement of the 
braking force on the periphery of the wheels, 
measurement of the speed of the motor vehicles with 
two wheels, measurement of the noise, control of the 
direction of the lights with built-in indicator about the 
intensity of the light, control of the direction of the 
wheels, and input of visually established irregularities); 

10. the established and the measured values not to have 
possibility to be transferred to the data about other 
vehicle. It should be performed so that the technical 
inspection of the vehicle is not possible to be closed if 
all prescribed values that are required for single vehicle 
are not measured.     
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11. electronic certificate of the technical correctness of the 
vehicles that is prepared by the controller; 

12. to perform control and estimation of the coordination, 
in other words non coordination of the vehicles with 
the prescribed conditions and he must not allow 
positive certification of the technical correctness of the 
vehicles, if it is find out that the vehicle is technically 
incorrect. 

 
With introduction of the Book of Regulations for technical 

inspection of vehicles, Republic of Macedonia could be said that 
have succeed to satisfy one good part of the requirements of the 
Directive that first of all refer to the technical conditions. Left in 
that way undefined are a lot of very important criteria from which 
directly depends bringing of objective estimation about the 
condition of the vehicle at the technical inspection. These criteria 
refer to: 

- maximal number of technical inspections of one station 
for technical inspection of vehicles in populated place 
or municipality, 

- minimal distance from one to another station for 
technical inspections in and out of populated place, 

- minimal necessary number of employees in the STI, 
- scale of norms for evaluation of wages of the 

employees with possibility for its unification in 
accordance with the scope of work, 

- equalization of the price for the technical inspection. 
 

 

3. Establishing of network and criteria for the 
necessary number of stations for technical 
inspections of vehicles 

 For establishment of network and criteria about the 
necessary number of stations for technical inspections of vehicles, 
in other words about establishment of the conditions and the criteria 
for opening of new station for technical inspections (necessity and 
economical justification). 

With establishment of unique common acts (especially of 
those with which uniform amounts for the compensation are 
prescribed, the scale of norms for work and elements for evaluation 
of the labor), condition for establishment of the economical 
justification could be created for opening of new station for 
technical inspection of vehicles, and with its application by the side 
of the already existing stations for technical inspections material 
preconditions are provided for normal operation of the stations for 
technical inspections, and also for equalization of the standards 
about the height of the wages of the employees in the stations for 
technical inspection of vehicles, in other words conditions are 
created for payment of approximately same wage of the employees 
in dependence of the height of the realized number of technical 
inspections, disregarding the fact in which station is employed. 

3.1.   Scale of norms for work  
The scale of norms for work and the uniform elements for 

evaluation of the results of the work in the stations for technical 
inspections because of different kind of services that are performed 
in the stations for technical inspections, are reduced to uniform unit 
measure (PC scale of norm that represents value of spent time about 
technical inspection of passenger car). The scale of norms are 
expressed in time units (minutes) and are divided in three basic 
scale of norms: 

- Theoretical scale of norm 
- Real scale of norm 
- Calculative scale of norm 

 

All three scale of norms could be expressed in quantity, as a 
quantity of performed job assignments (or job operations) in one 

time (of hour, day, month or year), or in time, as a time necessary 
for performing of unit of job assignment (or job operation), during 
which the quantity of performed assignments behave as a reciprocal 
values referring the time necessary to perform the unit job 
assignment (job operation). 

3.2   Defining of real number 
The real number of vehicles that could be technically 

inspected in one STI with two controllers in one shift (in 
accordance with the legal regulations) and the theoretical time 
necessary for one technical inspection, in accordance with the 
condition for the real scale of norm, that data refer to Republic of 
Macedonia (data taken from research by the authors). 

17,16 x 0,85 = 20, 18 min., or 2,97 vehicles per hour (60 : 
20,18), or, 

7,5 x 2,97 = 22,75 vehicles per day (where 7,5 are working 
hours of the employee during the day – half an hour goes for rest 
and lunch), in other words: 

 22,75 x 240 = 5346 vehicles per year. 

3.3   Calculative – Estimative number 
The calculative – Estimative number of vehicles 

according to which each STI should establish the uniform 
compensations, to plan the work and the revenue, and to perform 
evaluation of the results of the work, in other words which should 
economically justify the work of the STI in accordance with the 
theoretical time and the condition for the calculative scale of norm 
in (data taken from research by the authors). 

17,16 x 0,65 = 26,4 min.    
    or 

2,27 vehicles per hour,    
    or         

 
   7,5 x 2,27 = 17 vehicles per day,   
       in other words  
   17 x 240 = 4086 vehicles per year. 
 
 From the above it could be seen that one STI with 
introduction of two shifts operation with 4 (four) controllers in shift, 
it could serve 16,000 vehicles. 
 In some way these data should be benchmark in 
establishment of criteria for opening of new station for technical 
inspection of vehicles that will refer to the minimal number of 
technical inspections of one station, in other words: (realization of 
the authors) 

1.  The capacity of the stations for technical inspections 
on one technological line should be established on 
16,000 PC units (passenger cars) annually. PC unit 
represents the common part of the regular technical 
inspection of the passenger car, and new station 
could be opened: 

- On road distance bigger than 20 km from the closest 
station for technical inspection of vehicles. 

- On road distance bigger than 10 km  to conclusive 20 
km  from the closest station for technical inspection of 
vehicles, if the average percentage of usage of the 
capacity of the existing STI in the place in which the 
closest STI is found, is bigger than 65% (measured in 
passenger cars). 

- In place or town in which already exist one or more 
stations for technical inspection of vehicles, if the 
average number of technical inspections in the total 
number of all existing stations for technical inspections 
in that place or town is bigger than 16,000 PC per year 
on one technological line. 
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2. New station for technical inspection of vehicles in 
accordance with indent 1 and 2 could be opened 
under condition that in the area in which gravitates 
the new station for technical inspections has 
registered at least 4000 vehicles, number that is 
considered for bottom limit for economical 
justification for building of new station for technical 
inspection of vehicles. Under area toward which 
gravitates the new station for technical inspection of 
vehicles is considered the area of the municipality 
that is closer to the new station than to the existing 
STI. 

3. New station for technical inspection could be opened 
under condition if the existing station or the existing 
stations for technical inspection in the town or the 
populated place, in time of six months from the 
appearance of the need for opening of new station 
for technical inspection that is find out with analysis 
by the expert organization, in the scope of the 
existing building of the station for technical 
inspection, does not increase the capacity, in other 
words does not build new technological line. The 
announcement of the need to increase the capacity in 
other words the building onto a new technological 
line of the owner of already existing station for 
technical inspections submits the existing 
organization. 

 

Conclusion with stated directions 
 
With bringing of the new legal regulations not only it 

should contribute for increasing of the technical correctness of the 
vehicles, but also will contribute for protection of the living 
environment. And beside the intensified criteria for announcement 
of technically correct vehicle, with introduction of some news 
referring the authorizations of the STI for performing activities that 
are not directly connected with the technical inspections, the users 
of the vehicles get certain benefits referring the satisfaction of the 
needs connected with certain inspections of the vehicle. 

 
The possibility that the authorized legal entities for 

performing of technical inspection to perform additional activities 
that refer on testing of vehicles, to allow the users of vehicles fast 
and with reduced costs to perform testing of the gas devices for 
vehicle drive, to perform testing of the transparency of the darkened 
glasses, to perform identification and certification of the technical 
data, to get CEM licenses not only in one place but also widely in 
the Republic. 

 
Of course that some of the criteria that refer to the 

technical incorrectness for some users of vehicles will have 
negative effect because the owners of those vehicles in order to be 
able to further use them in the traffic will be exposed to financial 
expenses. 

 
Republic of Macedonia beside that in great measure has 

brought legal and sub legal rules with which almost have 
coordinated its regulations with those of EU, anyway remains to 
bring additional regulations with which completely will be 
coordinated with the criteria of EU.       

 
The necessity for prescription of the mentioned criteria is 

imposed from the reason that the liberalization of the conditions that 
have to be met by the legal entity for performing of technical 
inspection allows condition to be opened great number of new STI 
of vehicles. To this easing circumstance for opening of new STI it 
could be added also the expectations for bigger earnings from the 
side of the newly opened stations for technical inspections, which 
will be motive and reason for opening of new STI. These reasons 
impose conditions for fats and uncontrolled flood of stations for 

technical inspections in Republic of Macedonia during that without 
recognition the justification for opening or giving license for new 
STI. This thing will contribute to obtain on quantity of STI but not 
also to quality of the technical inspections. This state is opposite of 
the strains and efforts of the society so as to reduce the traffic 
accidents caused by the factor “vehicle”. 

 
In the absence of the above quoted criteria, in absence of 

strict mechanisms for control over the work of the stations for 
technical inspection of vehicles and the intention in shortest time 
term to return the invested means for building and equipping of the 
new stations for technical inspection of vehicles, since the 
appearance of the first newly opened station for technical 
inspection, disloyal competition will be created. 

 
The disloyal competition will be expressed through: 

reduction of the price for the service technical inspection, “letting 
go” of technically incorrect vehicles, manipulation with the 
payment of the height of certain compensations necessary for the 
registration of the vehicle, manipulation with presentation of the 
number of performed technical inspections e.t.c. 

 
Giving of approval for work of a new STI without real 

analysis about the necessity and the justification for opening of new 
STI could cause great difficulties in operation not only to the 
already existing STI, but also to the newly opened STI. This 
specially could negatively reflect in the municipalities with 
insufficient number of vehicles for technical inspections, and to STI 
that are on close distance to already existing one in one settlement. 
The reason for that will be the reduction of the scope of work at 
already existing stations for technical inspection of vehicles, and 
also not having guarantee that those scope of work that the new STI 
will attain, will be sufficient to fulfill the expectations for great 
earnings, and also return of the investments. 

 
The book of regulations for technical inspection of 

vehicles predicts recording of the procedure for technical inspection 
and also the results taken from the control of the technical 
correctness of the vehicle. This condition gives hope in future to 
prevent the disloyal competence and allow legality in working of 
the STI. 

 
During that in order to issue approval for new STI the real 

necessity for opening of new STI must be analyzed, based on these 
criteria. In the everyday strains for reduction of the traffic accidents 
and reduction of the victims of the traffic accidents, it should be 
considered first of all on the quality not on the quantity. 

 
These concluding realizations are taken on the base of 

real scientific researches and statements by the authors. 
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Abstract: The rolling stock is a major part of each transportational company. All procedures of planning, realization and 
implementation of the operational activities are related to the alertness of the rolling stock, particularly the communal companies because 
they implement activities that the citizens are conserned. Collection, trasportation and disposal of the municipal waste are functiona which 
are an integral part of the functioning of the rolling stock. Therefore maintenance of the rolling stock should be regularly and by strictly 
regulations of a technical nature. In this labor it will be presented a proposal of an affective operational concept for managing records of the 
technical accuracy of the rolling stock of the Public Communal Company – Prilep, as its proper planning. Thus this labor will actually 
contribute to the initiation of an efficient operation and removing the disadvantages that follow the technical accuracy of the rolling stock. 
Each integration of the modern IT technology will be a benefit for quality in the maintening, and it will eventually result with increased 
efficiency and exploitation. The community of Prilep would be a promoter of a different approach of working in the communal companies in 
Republic of Macedonia. 

Keywords: COMMUNAL COMPANIES, COMMUNAL WASTW, PRILEP, TRANSPORTATIONAL COMPANY 

 

1. Introduction 
The rolling stock implies the sum of all transportational vehicles 

in the autotransportational company ( cargo vehicles, construction 
machinery, tancers, service vehicles, etc ). The rolling stock is 
divided into heterogeneous and homogeneous. Succes in working 
and management in a single company, such as the function of the 
maintening of the rolling stock depends on the quality in the 
decision making. These decisions are in the process of recording, 
analyzing and using the data and informations. In addition, the 
rolling stock in the communal companies is a foundation to its 
existence and basic responsibility, competence, activity and service. 
Basically the communal companies have heterogeneous rolling 
stock, with different functions in character, purpose, territorial actio, 
degree of specialization, type, kind, size and other features that are 
part of its structure. The rolling stock in the Public Communal 
Company – Prilep is located in the waste sector in which belong a 
great part of the workshops that are in charge of the technical 
accuracy. In this labor it will be presented an affective draft system 
with initially purposed software solution and concrete 
implementation. That particular implementation relates to the Public 
Communal Company – Prilep. 

2.Organizational and hierarchical structure of 
the public communal company –Prilep 

      The Public Communal Company – Prilep is formed in 2004, 
and is a specializied company to carry out the communal activities 
on the territory of the community in Prilep. 

As we previously pointed out to achieve optimal efficiency 
the Public Comunal Company – Prilep is divided into several 
working units or sectors: Parks and greenery; Maintenance of the 
public traffic areas; Collection, transportation and disposal; Landfill 
and Cemeteries. 

The concept of collecting the municipal waste in the 
Community of Prilep is implemented by two methods: Concept of 
export, Concept of decision. 

Aspects that must be satisfied for the quality of the work of 
the rolling stock are: 

• Logistics (organizational); 
• Economics (resources and costs); 
• Exploitation (indicators and measurements). 

Only if these aspect are satisfied as much as possible and are placed 
in the analyzes and calculations from the above measurements, 
success in the work, the quality of the future investments, will give 
a result, that will be the basis for better utilization of the work. 

3. General characteristics of the rolling stock 

The rolling stock of the Public Communal Company – 
Prilep is heterogeneous, has a large variety of vehicles by brand, 
kind, type, year of production, capacity, purpose, function, technical 
accuracy and exploitation. The rolling stock of the working unit – 
collection, transportation and disposal of the municipal waste in 
2010, has 16 vehicles with 6 different brands and 13 differenet 
types. But this structure of the rolling stock is needed from the 
aspect of modern requirements in road traffic, particularly from the 
activities that carry out this company. In addition, you should 
pursue towards unification of the rolling stock as much as possible, 
because it will contribute to easier maintenance of the vehicles, 
supplying spare parts, engines, tires, fuel, oil and lubricants, it will 
decrease the need for specialized tools and equipment, and it will 
eventually impact on reducing the costs of maintening and repairing 
the vehicles.  

4.Plan for mainterning the rolling stock 

Plan for maintening the rolling stock of the communal 
companies is presented in the following picture, also explained 
through an example of a vehicle:  

Plan for technical maintenance of the vehicles of the rolling 
stock 

Month ___________, Year ____________ 

Sequence 
number 

       

 

Date:                                                      Manager: 

______________ year                             __________________ 

Fig.1  Form of plan for technical maintenance of the rolling stock 
in the communal companies. 

For example on day 17 of the month, working tasks of the 
mechanical workshop are: vehicles with sequence number 4 and 13 
is necessary to perform a service in the second cycle of the 
exploitational period of the vehicle, for vehicle in sequence number 
8 is required to perform a second service from the first cycle of the 
exploitational period of the vehicle. Here we can define some 
characteristics of these types of servicing such as: workload, time 
needed, the required manpower, the specifics of the work, necessary 
tools and equipement etc., but it should be noted what can be drawn 
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from this kind of planning of the technical maintenance of the 
vehicles. 

With this form records are kept for the technical 
maintenance of the rolling stock, which would greatly improve the 
situation in the workshops and warehouse.  In the workshops would 
be created a greater organization and coordination, and also would 
be imposed a moment of motivation among the workers, because 
everyone will know its work, and at the same time will be planned  
tasks for the whole month ahead.  In the following picture is 
presented graphical pyramid in request of the data for exploitation 
of the vehicles per day, per week, per month and annually. But if its 
necessary it can be set aside and reviewed quarterly in any required 
period. 

 
Fig.2 Scheme for collecting the data through everyday patterns 

Light blue balls present daily evidental sheet, so if there are 
6 working days in the week, we will get a weekly review of 
exploitational indicators of the productivity of the rolling stock. 
Dark blue squares present weekly evidental sheet, which are based 
on the daily evidentional sheets, so 4 working weeks in the month 
present us the monthly review of the indicators of the working 
productivity of the rolling stock. Black stars present monthly 
evidental data for the entire rolling stock. They are based on the 
weekly evidentional sheets, so if we have 12 months of the year, 
then with the sum of all monthly evidentional sheets, we would get 
the indicators of the overall productivity for the entire rolling stock 
of the company. In this way, it would work the informational 
system for collecting the data from the exploitation of the rolling 
stock in the company. 

5. Facilities for maintenance of the rolling stock 

Facilities for maintenance of the rolling stock of the Public 
Communal Company – Prilep are given on the following pictures: 

 
Fig. 3 Mechanical workshop 

 
Fig. 4 External working channels 

 
Fig. 5 Movable crane 

 
Fig. 6 Working mechanic panel 

 
 
Fig. 7 Working surface in the mechanical workshop 
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Fig. 8 Primitive substitute for the required special equipment in the 

mechanical workshop 

The technical maintenance of motor vehicles, mainly can be 
done: in the open space ( not covered channels – jacks, ramps, 
concreted – asphalt flat surface, work etc. ), and in closed space ( 
garage, service, etc. ). In the open space, generally we do not ask 
the question for maneuvering of the vehicles. Technical 
maintenance is done on the open channels, jacks, ramps or on a flat 
surface. Recently, very often are appearing moving services with 
special vehicles, equipped with the necessary tools, accessories and 
equipment. Unfortunately this modern example is no yet 
implemented in Republic of  Macedonia and its implementation is 
necessary to invest in the equipment of this kind. 

6. Integration of the modern IT technologies in 
maintening the rolling stock 

Implementation of software, aims to provide support to the 
process of maintening the vehicles. The basis functions are: plannig 
the technical maintenance and repairs, IT support, supplying the 
spare parts, storing the spare parts and materials, maintening the 
workshop ( maintening the equipment, maintening the buildings and 
instalations ). The establishment of these support functions, will 
allow an optimal operation of the entire rolling stock. While 
planning the technical maintenance and repairs, mainly depends 
from: the terms for exploitation of the vehicles, the technical 
characteristic of the vehicles, the size and scope of the production 
program, available facilities ( working facilities, qualification 
structure of the employees, tools and equipement ) etc. 

If the planning of the technical maintenance  show us which 
conditions should be fulfilled for it to be successfull and effectively, 
in the company first we have to make prestructure and certain 
interventions, such as: supply of new vehicles that will need to have 
as much as possible the same technical features with which we will 
get an unification of the rolling stock, the company should have 
production programe of the qualificational structure of  the human 
resources that will employ traffic profiles, and professionaly would 
be solved this situation with the car park and would be increased its 
productivity and efficiency, improvement of the available 
capacities, construction of service for technical maintening of the 
vehicles or reconstructon of the existing workshop which will store 
all the norms and standards ( providing the reqiured area for 
vehicles, providing the required space for maneuvering the vehicles, 
working surface for the employees, integrated heating system, 
ventilation system, lighting system, working channels with 
embeded hidraulical jacks etc. )  supplying modern tools and 
equipement for technical maintenance ( supplying specialized tools, 
supplying basic tools – set of keys, supplying equipement and 
devices for lubricating the vehicles ), providing and constructing 
facilities (garages) for keeping the vehicles, constructing warehouse 
space, purchase of supplies ( spare parts, engines, oil, fuel, tires ) 
which will greatly reduce the costs, improve the qualificational 
structure of the human resources ( through training the existing 

staff, advancement, looking for solution for the management 
functions from existing internal resources and finding a solution 
from the outside, employment of expert ).  

Thus the overall planning and the plannig of the 
maintenance and repairment of the vehicles provedes: optimal 
technical accuracy of the vehicles, less hard work per unit ( work 
hours, shifts of the employees etc. ), extended life of the vehicles, 
more rational utilization of the capacities, greater number of 
working days of the vehicles in exploitation. For this planning to be 
successfull and efficient, data are required for: the type, number, 
amount of the technical maintenance and repairs, mileage for a 
specified period, working and technical documentation.  Good 
maintenance programe unites the experience of the employees and 
the manufacturer’s recommendations, defines them as a set of tasks 
and activities, tasks for their implementation in stages of realization 
with specified materials and human resources and output 
documents, documenting the implementation of the activities in the 
exploitational life of the vehicles. 

 For one successfull technological plan to develop, for the 
entire evidention of the rolling stock and its maintenance, we 
propose to develop an informational system, that will provide 
database and information about the rolling stock and it would be 
planned all the actions and tasks of the rolling stock. This 
informational system will has as an assignment to increase the 
efficiency of the work or to perform regionalization in the work, by 
providing efficient services to it costumers and profitably working 
by minimizing the cost of working. The informational system 
should provide: evidence of the technical and exploitational 
characteristics of the vehicles or the rolling stock, information for 
the quality of individual vehicles, information for accurate defining 
of the procedures for maintenance of each vehicle and the time 
between the implementation of two procedures for maintenance, 
evidention of the maintenance costs for the vehicles, evidention of 
the cost for using  the vehicles, evidention of the income per 
vehicle, defining the amortized period and the optimal age structure 
of the rolling stock, data for the optimal condition  and parts. 

7. Benefit of the new approach in maintening 
the rolling stock 

The result or the quality of the established informational 
system in keeping evidention of the vehicles, will contribute to the 
quality, accuracy, precision, completeness and timeliness of 
collecting the data. They will be completely accurate, unambiguous, 
comprehensive and simultaneous, so the operator and the computer 
scan can still be processed, with which we will get technical and 
economic justification. For that purpose this labor accurately will 
define the sources and destinations of the information, accurately 
will define the development of the informations and modeling the 
informations and the procedure for their analysis and processing.  
The organization of the informational system in exploitation and 
maintenance of the vehicles, is based on two types of information 
such as: 

• The interventions of the vehicles – technical information; 
• The operation of the vehicles – economic information. 
 

Only this established system in maintening the rolling stock, 
with a large range  of each activity can be created and sustained a 
software solution. This software solution should be applicalble and 
to be from technical and economical nature. In this labor it is 
represented by enumerating all the operations that need to be input 
for the new software operation. This kind of work is at an early 
stage for the public companies in Republic of  Macedonia. For 
implementation and benefit from this kind of systematic approach 
should investment in the new technologies. But this labor has a 
purpose to enter a new dynamic in the work of the rolling stock. 
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The community of Prilep is a promoter of this work when it comes 
to the rolling stock. 

SUMMARY 

In this labor we summarize that for quality of the work in 
the communal companies, should have permanent realistic research 
in the rolling stock. With a qualitative, effective proposed system 
for maintening the rolling stock, will be achieved planned and 
sustainable policy of the communal company. 

With this we will get quality in the rolling stock, his 
alertness, accuracy, efficiency and a step towards increased 
profitability of the work. While the colorfull figure above in this 
labor, gives a presentation that already exist a system that should be 
upgraded with modern technical and technological concepts for 
maintening the rolling stock. 

And finally we summarize that all the elements of this labor are 
intented to be an initial step in the application of the new IT 
technologies and software solutions  that should work in creating a 
long – term logistical, economical and exploitational benefit, which 
with a realistic calculations would be scientifically sustained. This 
labor is derived from a field, from the daily activities of the rolling 
stock of the Public Communal Company – Prilep. With that its 
uniqueness is unquestionable and therefore this labor presents a real 
base for future sustainable quality results. Also the affective system 
of maintenance result from the daily activities and it gets the unique 
character of an effective system of maintening the rolling stock. 
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RESERCHES REGARDING THE IMPROOVEMENT AND THE MODERNIZATION 
OF THE PUBLIC PASSENGERS TRANSPORT IN THE PERIPHERAL AREA OF 

PITESTI  
economist eng.  Bratu V.1, Ph.D. Prof. Tabacu I. 1 

Faculty of Mechanics and Technology– University of Pitesti, the Romania 1 

 

Abstract: The transport is an essential element in the most activities of our society. Therefore, it must be tackled with policy at all levels, 
from the overall (i.e. United Nations) to the City Councils. A major importance is solving the dilemma between the policies oriented to 
increase, which tends to generate more transport and the environmental policies, which require the reduction of emissions.  These can be 
difficult to fulfil if technological development to reduce emissions are outweighed by the increase of transport. 

Public transport wants to improve continually his performance by meeting the citizen’s need and expectations, through high quality of 
public transport by implementing, maintaining and improving an Integrated Management System: Quality, Environment, Health and Safety, 
Social Responsibility, information security etc.       

Based on the analysis realized with the local authorities (in order to identify the transport request), on the field visits (in order to 
evaluate the condition of the roads) and on the discussions with SC Publitrans 2000 SA (in order to evaluate their technical possibilities and 
to identify the economical implications) we have made proposals that will be the preliminary conditions for the development of the 
metropolitan transport system:   

 – The local public transport system (inside the metropolitan area) will have an unique character, including the payment system: the 
passenger will be able to us one or more than one route using a single ticket , even if the price will be different base on then zone in which 
the travel is realized and it will be limited in time; 

– The main routes will follow the access points in Pitesti, linking Pitesti with the towns in the peripheral area/ metropolitan area and 
their length will be maximum 16 km (the maximum accepted value-for the most charged route Pitesti-Mioveni which is a ,,heavy public 
transport axe“); 

 – The minim accepted frequency on the main routes will be 4 trips/hour, that is a following limit of 15 minutes (it is a ,,psychological 
limit” the traveller must accept for the transhipment from a district route to a local one and inverted); 

 – At the end outside the area/metropolitan area of the main routes will be arranges buss stations where the exchange of travellers 
between the two transport systems local and district will be accomplished; 

 – The district routes will not interfere with the local metropolitan transport network, the district routes being limited to the buss stations 
specially arranged outside the metropolitan area; 

– The buss stations inside Pitesti will be used only in the purpose of the public inter-district transport and for the local public transport. 

Keywords: TRANSPORT, NETWORKS, SYSTEM, METHODS, PASSENGER 

1. Introduction 
Socio-economic development and industrial development of 

Pitesti has lent to the formation of a peripheral/ metropolitan zone 
in which Pitesti and the cities Mioveni and Stefanesti have become 
poles for the passenger transport. 

Therefore, they have initiated the procedures in order to create a 
inter-communitarian association that should intercede for the 
development of a unique public passengers transport system 
consisting two components: a modern transport network with tire- 
tramway, that should link the three cities in the area and a transport 
network with urban busses, that should take into account also the 
adjacent communes in the peripheral area.       

Development of the transport system, with unique and 
permanent character, is based on studies realized by the University 
of Pitesti for the Local Council of Pitesti and the District Council of 
Arges, study in which the evaluation of the passenger’s fluxes has 
been / was the experimental part on which the projection of the 
transport network has been based on.  . 

On this purpose we have proposed the improvement and  
modernization  of the passenger transport network in the Arges 
District by extending the public transport network in the nearby 
zone of Pitesti and the resizing the district transport system, the 
closeness of these two components being assured trough the judicial 
proposal of laying out some buss stations for the passengers 
transport 

Together with the extension of the road network for the 
transport in the peripheral area by buss, given that the increasing 
demand for the “heavy passenger transport ax” Mioveni – Piteşti – 

Stefăneşti, it is proposed that these three cities should be / to be 
connected by a faster transport network .  

In this way we can assure the compression of the district 
network’s length and the growth of the economical efficiency for 
both components of the transport system –in the district and in the 
peripheral area.   

Current situation regarding public passenger transport realized 
by regular services within this area is:   

• In Pitesti it works a unitary system of local public transport 
system realized by S.C. Publitrans 2000. S.A. associated with S.C. 
Girexim Universal SA Piteşti, with a fleet of 110 buses of medium 
capacity/ vehicle park containing 110 medium capacity busses (fig. 
1.1). we can see that some of the transporting lines have line 
endings also in the neighbouring localities (Arpechim-in Bradu, 
Service in Stefanesti and Bascov in Bascov township), which is 
explained by the fact that they preserved some features of the old 
system of local urban transport and pre-urban / town and pre-town 
public system, which gives a unitary character to the urban and the 
peri-urban area of Pitesti.   

• The passengers transport between Pitesti and the other cities is 
assured by district transport lines, but also by local transport lines at 
the townships level: some neighbouring communes (Bradu, Băbana 
and Bascov)  have promoted their own local transport system. This 
fact does not correspond at all with the unitary transport system; 
known to be fundamental for the modernization of the public 
transport and for the growth increase its performances .   

Thus, we can observe that, in this moment in the peripheral area 
previously defined there is, beside the local routes, a number of 85 
routes (80 district routes) and 5 local routes of nearby townships 
(one in Bradu, two in Babana and two in Bascov).   
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The public transport network of Pitesti in presented in the chart 
1.

 
Fig. 1 The local public transport network in Pitesti. 

2. The steps to follow for the development of public 
passenger transport network  

In order ro develop a public transport system, base on the 
contract [15] we have analysed the transport requirements at the 
pei-urban level and the technical possibilities of a gradually 
extension of the existing public transport network at the level of the 
entire area.   

Based on the analysis realized with the local authorities (in 
order to identify the transport request), on the field visits (in order 
to evaluate the condition of the roads) and on the discussions with 
SC Publitrans. 2000 S.A. (in order to evaluate their technical 
possibilities and to identify the economical implications) we have 
made proposals that will be the preliminary conditions for the 
development of the metropolitan transport system:   

1 – The local public transport system (inside the metropolitan 
area) will have an unitary character, including the payment system: 
the passenger will be able to travel on one or more than one route 
using a single ticket , even if the price will be different base on then 
zone in which the travel is realized and it will be limited in time; 

2 – The main routes will follow the access points in Pitesti, 
linking Pitesti with the towns in the peripheral area/ metropolitan 
area and their length will be maximum 16 km (the maximum 
accepted value-for the most charged route Pitesti-Mioveni which is 
a ,,heavy public transport axe”); 

3 – The minim accepted frequency on the main routes will be 4 
trips/hour, that is a following limit of 15 minutes (it is a 
“psychological limit” the traveller must accept for the transhipment 
from a district route to a local one and inverted); 

4 – At the end outside the … area/metropolitan area of the main 
routes will be arranges buss stations where the exchange of 
travellers between the two transport systems local and district will 
be accomplished; 

5 – The district routes will not interfere with the local 
metropolitan transport network, the district routes being limited to 
the buss stations specially arranged outside the metropolitan area; 

6 – The buss stations inside Pitesti will be used only in the 
purpose of the public inter-district transport and for the local public 
transport; 

Moreover, given that the studies realized regarding the transport 
demand [15,16] have shown that on the route Pitesti-Mioveni the 
travellers flux is permanent and it has elevated values (almost 2000 
travellers/day –fig. 2), it has been decided that is necessary on this 
route to create the conditions of a faster transport line, and the 
analysis have brought to the necessity of the heavy transport flux 
from the Pitesti Mioveni route. 

 

 
Fig. 2 The volume of passengers for the route Pitesti – Mioveni. 

So, we have reached the proposal of building a new driveway 
between Pitesti and Mioveni and a bypass for Pitesti (see fig. 3), the 
new driveway will become a part of the national road DN 73 Pitesti 
Brasov, that will take overt the heavy traffic between Pitesti and 
Mioveni, and the present national road between Pitesti and Mioveni 
will be declassed at the district level and it will be into the District 
Council administration.  

In this way, on the route Pitesti Mioveni will exist only light 
traffic a modern and capable of performances fast transport line will 
pe possible to be set-up. 

 

Fig. 3 The road arrangement in order to relocate the heavy traffic from 
the route Pitesti-Maracineni-Mioveni and the locationfor the 8 bus stations. 

According to this imposed conditions, following a program 
through which have been taken into account the towns together with 
which Pitesti forms an inter-communitarian association, have been 
identified the transport request in the area and the access ways in 
the metropolitan area. 
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So, we have reached the conclusion that they can be taken into 
consideration 8 access ways in the suburbs and we have decided 
that on every one of them, outside the metropolitan area will be 
arranged a transhipment buss station for the two public transport 
systems- metropolitan and district (see fig. 3). 

In Tab. 1 it is presented the correspondence between the 85 
routes outside the metropolitan area and the 8 proposed routes, 
those last ones having the end in one of the 8 buss stations. In the 
last column is specified the length with which the district routes will 
be lessened once the limitation ant the transhipment buss station 
will be settled. 

Table 1: Data regarding the correspondence between the routes 
at the level of the transhipment bus stations. 

Type 
and 
no. 
rout
e 

Buss 
station/ 

town 

Interme
diary 
town 

Buss 
station
/ 

town 

Leng
th of 
the 
rout
e 

Li 
km 

Propos
ed 
periph
eral 
route 

Shrink
ing 
amoun
, 

Si  
[km] 

distri
ct 

      

24 Câmpulung Stîlpeni Piteşti 53 

Piteşti 
Sud - 
Miove
ni 

16 

34 Piteşti Nord Domnesti 
Nucşoa
ra 70 

35 Piteşti Nord Domnesti Slatina 64 

36 Piteşti Nord Piscani 
Domne
şti 42 

39 Piteşti Nord 
Mărăcine
ni 

Valea 
Mărulu
i 20 

104 Piteşti Sud 
Mărăcine
ni 

Miove
ni 17 

105 Piteşti Sud Mioveni Ţiţeşti 18 

106 
Miove

ni  Titesti 13 

107 Piteşti Sud Mioveni 
Conţeşt
i 23 

108 
Miove

ni  
Conţeşt
i 9 

109 Piteşti Sud Mioveni 
Domne
şti 50 

111 Piteşti Targ 
Mărăcine
ni Făget 16 

112 Piteşti Sud 
Mărăcine
ni Făget 16 

113 Piteşti Sud Mioveni 
Vulture
şti 40 

114 Piteşti Sud Mioveni Boteni 46 

115 Piteşti Sud 
Mărăcine
ni Miceşti 15 

116 Piteşti Sud Miceşti 
Păuleas
ca 25 

117 Piteşti Sud 
Mărăcine
ni 

Valea 
Nandre
i 20 

118 Piteşti Sud 
Mărăcine
ni 

Priseac
a 33 

40 Piteşti Nord Merişani Brădet 58 Piteşti 3 

Type 
and 
no. 
rout
e 

Buss 
station/ 

town 

Interme
diary 
town 

Buss 
station
/ 

town 

Leng
th of 
the 
rout
e 

Li 
km 

Propos
ed 
periph
eral 
route 

Shrink
ing 
amoun
, 

Si  
[km] 

41 Piteşti Nord Merişani 

Costeşt
i 
Vâlsan 35 

Nord - 
Bascov 

42 Piteşti Nord Merişani 
Vîlsăne
şti 40 

43 Piteşti Nord Mioveni 
Berevo
ieşti 57 

52 Piteşti Nord Bascov 
Drăgan
u 15 

59 Bradetu Malureni Piteşti 62 

66 
Curtea de 
Argeş Merişani Bascov 32 

151 Piteşti Sud Bascov 
Morăre
şti 

33 

 

44 Piteşti Nord 
Poiana 
Lacului Sămara 25 

Piteşti 
Nord - 
Smeur
a 

2 

45 Piteşti Nord Vedea 
Uda de 
Sus 50 

46 Piteşti Nord Vedea Gorani 52 

47 Piteşti Nord 
Poiana 
Lacului 

Sălişte
a 47 

48 
Piteşti 

Nord Vedea Dogari 61 

49 
Piteşti 

Nord Morăreşti 
Fedeles
oiu 58 

50 Piteşti 
Poiana 
Lacului Vedea 30 

51 
Piteşti 

Nord 
Poiana  
Lacului 

Cotme
ana 43 

138 
Piteşti 

Sud 

Poia
na 
Lacului 

Săpata 
de Jos 31 

       

84 Piteşti Sud 
Topolove
ni Suseni 41 

 

Piteşti 
Sud -
Ştefăn
eşti 

8 

85 Piteşti Sud 
Topolove
ni 

Glîmbo
cata 30 

86 Piteşti Sud 
Topo

loveni 
Bo

teşti 45 

88 Piteşti Sud 
Topo

loveni 
Ne

greşti 40 

89 Piteşti Sud 
Topo

loveni 
Pri

boieni 
2

9 

91 Piteşti Sud 
Topo

loveni 
Le

ordeni 
2

6 

92 Piteşti Sud IMEP 
Ştefăne
şti Sat 10 

93 Piteşti Sud Ştefăneşti 
Izvoran
i 12 

94 Piteşti Ştefăneşti 
Gara 
Goleşti 12 

97 Piteşti Sud Calinesti 
Topolo

21 

27



Type 
and 
no. 
rout
e 

Buss 
station/ 

town 

Interme
diary 
town 
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/ 

town 
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e 

Li 
km 
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ed 
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Shrink
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, 

Si  
[km] 

veni 

98 Piteşti Sud Vranesti 
Cirstie
ni 25 

99 Piteşti Sud Ştefăneşti 
Vrăneş
ti 15 

100 Piteşti Sud Vranesti Udeni 14 

101 Piteşti Sud Ştefăneşti 
Văleni 
Sat 14 

102 Piteşti Sud 
Valea 
Mare 

Ştefăne
şti 10 

103 Piteşti Sud 
Valea 
Mare 

En
culeşti 10 

110 Mioveni Piteşti 
Sl

obozia 73 

Piteşti 
Sud -
Zama 
Rece 

8 

123 Piteşti Sud Căteasca 
Păt

uleni 25 

124 Piteşti Sud Căteasca 

M
avrodol
u 35 

125 Piteşti Sud Căteasca 
Cir

eşu 27 

126 Piteşti Sud Cătanele 
Oa

rja 18 

130 Piteşti Sud Oarja 
Ne

graşi 39 

131 Piteşti Sud Căteasca 
M

ozacu 41 

119 Piteşti Sud Ţuţuleşti 
Ro

ciu 30 

Piteşti 
Sud - 
Bradu 

11 

120 Piteşti Sud Ţuţuleşti 

Gligan
u de 
Sus 27 

121 
Piteşti 

Sud Ţuţuleşti 
Şerbăn
eşti 23 

122 Piteşti Sud Bradu 
Ţuţuleş
ti 20 

127 Piteşti Sud Negraşi 

Ştefan 
cel 
Mare 60 

128 Piteşti Sud Negraşi 
Băbăro
aga 51 

129 Piteşti Sud Cătanele 
Ne

graşi 43 

132 Piteşti Sud 
Lunca 
Corbului 

M
ozăceni 
Vale 56 

Piteşti 
Sud - 
Albota 

9 132 Piteşti Sud 
Lunca 
Corbului 

Mozăc
eni 
Vale 56 

133 Piteşti Sud Albota Mareş 29 

134 Piteşti Sud Costeşti 
Curtea
nca 49 

135 Piteşti Sud Costeşti 
Strîmb

54 
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station/ 

town 

Interme
diary 
town 

Buss 
station
/ 

town 

Leng
th of 
the 
rout
e 

Li 
km 

Propos
ed 
periph
eral 
route 

Shrink
ing 
amoun
, 

Si  
[km] 

eni 

136 Piteşti Sud 
Lunca 
Corbului 

Mîrghi
a 32 

137 Piteşti Sud 
Lunca 
Corbului 

Săpata 
de Sus 40 

139 Piteşti Sud Mosoaia 
Hinţeşt
i 11 

140 Piteşti Sud Cerbu 
Costeşt
i 24 

141 Piteşti Sud Costeşti 
Goleas
ca 49 

142 Piteşti Sud Costeşti Rîca 65 

143 
Piteşti 

Sud Costeşti 
Purcăre
ni 62 

152 
Piteşti  

Sud Trivale 
Richiţe
le 25 Piteşti 

Nord -
Trivale 

6 

153 Piteşti  Sud Trivale 
Ciocăn
ăi 6 

local       

Brad
u Piteşti Sud Geamănă Bradu 8 

Piteşti 
Sud - 
Bradu 11 

Baba
na 1 Piteşti  Sud Trivale 

Slătioa
re 15 Piteşti 

Nord -
Trivale 

6 
Baba
na 2 Piteşti  Sud Trivale Băbana 20 

Basc
ov 1 Piteşti Nord Bascov Prislop 8 Piteşti 

Nord - 
Bascov 

3 
Basc
ov 2 Piteşti Nord Bascov 

Dobrog
ostea 6 

  

Regarding the promotion program for those routes 
peripheral/metropolitan ( that will became main routes of the public 
transport network) we should think about a gradual development of 
an unique local public transport system at the entire defined 
peripheral are (it will start with new routes or with the extension of 
the existing routes inside Pitesti, then they will be included the local 
routes of the peripheral townships as the contract for the local 
operators will expire and it will be finalized this year when the 
contract for the district routes will expire and the network will be 
extended on the entire area); 

Also, we must define an urban area at the level o Pitesti and a 
peripheral area at the level of the other towns so that the taxing 
could be realized differentially: urban are, urban area-peripheral 
area, and peripheral area; 

All the 8 routes will become main routes (the passengers fluxes 
will be brought together in the buss stations and they will be very 
large all day long), and regarding the three transport poles (Pitesti, 
Mioveni and Stefanesti) , on the routes Pitesti-Mioveni and Pitesti-
Stefanesti those fluxes will reach very large amounts, fact that will 
sustain the opportunity to develop a fast transport line Pitesti-
Mioveni-Stefanesti. 

Taking into account the geographic and socio-economical 
conditions in the area, we can sustain the promotion of a modern 
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transport mean: the tire trolley, which cumulates the advantages of 
the buss and the trolley and eliminates all their disadvantages.  

Based on the realized studies, we have established the program 
of the peripheral transport network extension at the entire 
metropolitan area (tab. 2) taken into account the legal restrictions, 
because most of these routes are now being used based on legal 
contracts: as local routes, in the peripheral towns or as district 
routes. 

Table 2: Program of the metropolitan/peripheral public transport 
extensions.   

Route 
No. Of 

correspondent 
district routes (Ni) 

Date of the integration into 
the metropolitan transport 

network 

Piteşti Sud - 
Mioveni 19 

01.07.2011 (when the 
contract for the present 
district transport line Pitesti 
–Mioveni will expire)  

Piteşti Nord - 
Bascov 10 

01.05.2010 (when the 
contract for the present local 
transport line Bascov, 
Bascov – Dobrogostea and 
Bascov – Prislop will 
expire) 

Piteşti Nord - 
Smeura 9 

01.07.2011 (when the 
contract for the present 
district transport line Piteşti 
– Hinţesti will expire) 

Piteşti Sud -
Ştefăneşti 16 

01.07.2011 (when the 
contract for the present 
district transport line Piteşti 
– Ştefăneşti will expire) 

Piteşti Sud -
Zama Rece 7 

01.07.2011 (when the 
contract for the present 
district transport line Piteşti 
– Oarja will expire) 

Piteşti Sud - 
Bradu 8 

01.01.2009 (when the 
contract for the present local 
transport line Bradu, Piteşti 
– Bradu will expire) 

Piteşti Sud - 
Albota 12 

01.07.2011 (when the 
contract for the present 
district transport line Piteşti 
– Mareş will expire)  

Piteşti Nord -
Trivale 4 

Any ime(there are already 
local routes with the ending 
in Trivale) 

 

3. Conclusions-Appreciations regarding the opportunity of 
developing a fast transport line between Pitesti –Mioveni and 
Stefanesti 

This thee town (Pitesti, Mioveni and Stefanesti) are part of the 
peripheral area and they have become, grace to their socio-
economical development, into public transport poles.  We can say 
that a “heavy axe” has been created between Pitesti and the nearby 
towns Mioveni and Stefanesti. 

So, only by evaluation of the passengers fluxes on the old 
transport means on the route Pitesti –Mioveni (the minibuses-
considered to be unattractive because of the diminished level of 
comfort and security) - v. fig. 2 and 3, we have reached the 
conclusion that the daily volume of passengers is about 1800 
passengers/day in the working days and half of it in holidays. 

As following, we can appreciate that the daily passenger’s 
volume, in the conditions of a modern public transport system 
between the three poles (Pitesti, Mioveni and Stefanesti) will have 
greater values, fact that sustains the opportunity of developing a fast 
transport line between Pitesti – Mioveni – Ştefăneşti. 

Taking into account the geographic and socio-economical 
conditions in the area, we can sustain the promotion of a modern 
transport mean: the tire trolley, which cumulates the advantages of 
the buss and the trolley and eliminates all their disadvantages.  

Obviously in order to accomplish this purpose it is necessary 
the inter-communitarian association we mentioned before (between 

Pitesti, the township Maracineni and the towns Mioveni and 
Stefanesti), in order to develop this public transport system that will 
allow the construction of the necessary infrastructure. 

Hereinafter there are presented o series of considerations 
regarding this type of public transport, known as Translohr, 
designation that can be found in the name of the European 
constructor who has promoted this type of transport in the last few 
years. 

Translohr is a new generation of urban trolleys with a reduced 
weight. A real mean to conquer the urban space and to profoundly 
change the city and his utilization way, this trolley offers a unique 
facility thanks to his manoeuvrability and his weight adjusted to the 
human needs. 

 
Fig. 4 Translohr – the modern trolley. 

This trolley presents all the characteristics of the modern 
trolley: permanent guidance, great transport capacity, double 
directionality (double driving cab), modulation, full descended floor 
(25cm), full internal communication, all this overtaking, thanks to 
the tire scrolling, the well known inconveniences of the trail 
scrolling: the heavy floor, the noise in bends, high installation costs 
and long implementation terms. 

Translohr bring together the technical performances (reversible 
frames, the turning ray reduced to 10.5m, mechanical guidance 
system installed on a central rail, secured breaking system, 
simplified depot equipments) and discretion (silent and slender). 

The modulation of Translohr components allows the utilization 
of many types of dimensions 18, 25, 32, 39 or 46 m according to the 
number of modules that are utilized. 

 
Fig. 5 Modulation of Translohr components. 

The tire trolley assures a very small turning ray (10.5 m at the 
rail, no Mather the frame’s type) fact that allows an easy 
implementation for the strait streets-that need small turns). 

Equipped with a double cab at each one of the endings, the 
trolley’s frames have double direction. This fact allows the 
exploitation without a turning zone at the end of the route end using 
depots with a single exit. 

The ascending capacity is 13% thanks to the proper engine and 
to the superior adherence realized by the tires that assures with no 
problem the organization of the transport line on the superior 
terraces of the Arges inside Pitesti. 

The trolley’s guidance is assured by two inclined at 45°bearings 
that penetrate a central rail. 
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Fig. 6 The trolley’s guidance. 

The low flat floor of Translohr allows the access at the level of 
the footpath (for a difference of 23 cm between the road and the 
footpath). 

Translohr transport systems have been developed in six cities in 
the world: 

•In France: Clermont-Ferrand (since November 2006) and Paris 
(Saint Denis-Sarcelles since 2011) 

 •in Italy: Padova (since March 2007), Aquila and Mestre-
Venice (since 2010); 

• In China: Tianjin-Teda (since the 10th of May 2007) and 
Shanhai Pudong; 

In order to organize a unique transport system al the level of the 
peripheral area it is necessary the functioning o the inter-
communitarian association, who will propose a developing program 
for the local public passengers transport by regular services. 

The benefits of such a transport system for the entire 
community are real, the system being developed based on the 
present and future necessities for transport- fact that will assure it a 
permanent character. 

Given the dinamique of the transport demand and the fast urban 
development, this transport system becomes must be implemented 
as flexible as possible. This characteristic will be assured by the 
transport by busses- the second component of the local public 
transport system. 

In order to organize a unique transport system al the level of the 
peripheral area it is necessary the functioning o the inter-
communitarian association, who will propose a developing program 
for the local public passengers transport by regular services. 

Given the dynamic of the transport demand and the fast urban 
development, this transport system becomes must be implemented 
as flexible as possible. This characteristic will be assured by two 
ways: 

- Trough a flexible transport program and a flexible 
transport capacity for both of the components (transport by buss and 
by tire trolley); 

- Trough a flexible busses public transport network; 

The benefits of such a transport system for the entire 
community are real, the system being developed based on the 
present and future necessities for transport- fact that will assure it a 
permanent character. 

The transport is an essential element in the most activities of our 
society. Therefore, it must be tackled with policy at all levels, from 
the overall (i.e. United Nations) to the City Councils. A major 
importance is solving the dilemma between the policies oriented to 
increase, which tends to generate more transport and the 
environmental policies, which require the reduction of emissions.  
These can be difficult to fulfil if technological development to 
reduce emissions are outweighed by the increase of transport. 

Public transport wants to improve continually his performance 
by meeting the citizen’s need and expectations, through high quality 
of public transport by implementing, maintaining and improving an 
integrated management system: quality, environment, health and 
safety, social responsibility, information security etc.       
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Abstract: The transport is an essential element in the most activities of our society. Therefore, it must be tackled with policy at all levels, 
from the overall (i.e. United Nations) to the City Councils. A major importance is solving the dilemma between the policies oriented to 
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difficult to fulfil if technological development to reduce emissions are outweighed by the increase of transport. 

Public transport wants to improve continually his performance by meeting the citizen’s need and expectations, through high quality of 
public transport by implementing, maintaining and improving an integrated management system: quality, environment, health and safety, 
social responsibility, information security etc.       
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1.Introduction - Structure of passenger demand 
Basic concept on transport demand is the flow of people, which 

is the number of people moving (or want movement) in one 
direction at a time that is a subdivision of the cycle - usually half 
hour or hours. Flow of people is measured in people per hour and 
direction. 

Mobility is the average number of passengers that they carry a 
resident of a time. 

Transport demand patterns people public transport is dependent 
on the road network, the development of the area served by the 
transmission system and the nature of population movements. 

In general, changes in travel between two cities - monthly, daily 
or hourly intervals - is presented as in Fig. 1, 2 end 3 [7]. 

From Figures shown are noted as follows: 

- Transport demand is variable according to the months of 
summer are lower due to holidays and vacations; 

- During the week, transport demand is higher on weekdays, 
especially in the first and last - Monday and Friday, and weekends 
(Saturday and Sunday it drops to half); 

- During the day, the application presents a maximum in the 
morning, when those assets go to work or school, and one afternoon 
when they return home. 

These features of how transport demand varies throughout the 
day creates the very complex organization of the transport. 

 
Fig. 1 Number of trips per month 

 

 
Fig. 2 Number of trips per day 

 

Fig. 3 Number of trips per hour 

2. Modelling passenger demand 

Model formalizes request for driver choice: the decision to 
make or not moving for a reason or purpose, destination travel, 
means of conveyance and route travelled in a time reference [12]. 

The model can be defined as a schematic and simplified 
representation of a complex reality in order to quantification, 
representations made by the relationships between relevant 
variables phenomenon. 

Mathematically, such a model can have the following form: 

      (1) 

where: 

• dsodmkh- number of visits made to a particular purpose (s) of 
origin (a) bound for (d) using mode of transport (m) and route (k) a 
reference time (h) . 

• dsoh - number of trips generated for a particular purpose (s), 
area of origin (a) the period considered (h). 

• Psoh (d) - the probability of choosing a particular destination 
(d), for some reason considered (s), from an origin (a), the time 
interval (h). 

• Psodh (m) - the probability of choosing a particular transport 
mode (m) to reach the destination (d), starting from the origin (o), 
the time interval (h). 

• Psodmh (k) - the probability of choosing the route (k), relative to 
the module (m), originating (a) to destination (d), and the purpose 
(s). 
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Although elections are interdependent, each taking place 
simultaneously, the analytical and statistical treatment 
considerations are adopted separation of global demand in 
submodele interconnected, each model referring to a certain level of 
choice. Model with this structure is known as the "model of partial 
choice or four-stage model" (see Fig. 4). 

 
 

Fig. 4 Structure model demand ,,four-step” [12]. 

Travel patterns are useful to predict the travel trade in and use 
the transport system in response to regional development and 
population. 

 

3. Evaluation of transport demand by Origin-Destination 
Survey 

To assess transport demand in the subject study were used as 
analytical methods (based on the algorithm presented in Fig. 4, with 
support from the don `t know) and survey method (also called 
empirical method, using surveys). 

Thus, in 2011 was organized under the research contract ,,Study 
on urban transport of people in the metropolitan area and the route 
Pitesti Pitesti – Pitesti” (beneficiary: Arges County Council, 
executing: University of Pitesti, director of contract: Professor 
Univ. Dr. Eng - Eugen Viorel Nicolae,) an Origin-Destination 
survey on Wednesday, on 01.06.2011 in 8 points to the town, the 
sense of input [68] to assess flows of vehicles enter the city of 
Pitesti, throughout the active period of a day (between 06.00 and 
20.00 hours). 

In this investigation were a total of 100 completed 
questionnaires in each survey point (25 questionnaires in each 
interval 3.5 hours).  

One of the OD survey was arranged right on National Road 67 
Drăgăşani - See-Pitesti, into the neighbourhood kids, next to the 
General Directorate of Social Assistance and Child Protection 
Arges, the direction to the town (Fig. 5). 

Data obtained through interviews OD at this point can be useful 
for estimating passenger flow in the suburban areas Pitesti - See, the 
study subject. 

It is found that the most common form of transportation 
surprised (on statistical principles, the sample considered 
representative) is, as expected, mode of travel by private car, which 
is very interesting to analyse because it is one of two ways transport 
for people in the study subject (I pointed out that population 
mobility is achieved only by road or by own car or by public 
transport within the county transportation system by scheduled 
Arges people) - Fig. 6. 

Observe that the origin of travel with the private car 
transportation is generally very close to the western area of Pitesti 
(neighbourhood kids, village Smeura) and, generally, villages 
Moşoaia and Poiana Lacului - explained by the fact that for small 
distance travel by car personnel is a serious option. The only thing 

that can temper is only attractive public transport - which is the one 
aim of this paper! 

 
Fig. 5 Conduct of the investigation to move the point of investigation 

Trivale O-D. 

Table 1: Survey results O-D 

 Survey results O-D 
Calea Drăgăşani, Wednesday 01.06.2011  

No 
trips 

Origin Destination 
Time 

interval 
Purpose 

(1-7) 

Mo  
Mode 
(1-8) 

1.  Sămara Calea Buc. 
06,00 - 
06,29 1 3 

2.  Săpata Depozitelor   1 2 

3.  Trivale 
Negru 
Vodă   1 2 

4.  Moşoaia Centru 
06,30 - 
06,59 1 2 

5.  Moşoaia 
Negru 
Voda   1 2 

6.  Moşoaia Trivale   1 3 

7.  
Făgeţel-
Olt 

Negru 
Vodă 

07,00 - 
07,29 1 1 

8.  Trivale Găvana   4 2 

9.  Moşoaia 
Craiovei-
Ex.   1 2 

10.  Moşoaia 
Tudor 
Vlad.   1 2 

11.  
Another 
city Bucureşti 

07,30 - 
07,59 2 2 

12.  Moşoaia Prundu   1 2 
13.  Moşoaia Centru   1 2 

14.  Moşoaia 
Altă 
localitate 

08,00 - 
08,29 1 2 

15.  Trivale Prundu   1 2 

16.  Moşoaia 
Altă 
localitate   1 2 

17.  Moşoaia Trivale 
08,30 - 
08,59 1 2 

18.  Drăgăşani Ploieşti   2 3 
19.  Moşoaia Prundu   1 2 

20.  Trivale Centru 
09,00 - 
09,29 1 2 

21.  Trivale Găvana   4 2 
22.  Trivale Centru   1 2 

23.  
Poiana 
Lacului Găvana   1 5 

24.  Moşoaia 
Altă 
localitate   2 5 
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 Survey results O-D 
Calea Drăgăşani, Wednesday 01.06.2011  

No 
trips 

Origin Destination 
Time 

interval 
Purpose 

(1-7) 

Mo  
Mode 
(1-8) 

25.  Moşoaia 
Tudor 
Vlad.   3 2 

26.  Moşoaia Mărăcineni 
09,30 - 
09,59 4 2 

27.  
Another 
city 

Another 
city   3 2 

28.  
Another 
city Centru   7 2 

29.  Moşoaia Centru 
10,00 - 
10,29 4 2 

30.  
Another 
city Trivale   4 2 

31.  
Another 
city Trivale   7 3 

32.  Trivale Bucureşti   2 6 

33.  Trivale Ştefăneşti 
10,30 - 
10,59 5 2 

34.  Moşoaia Centru   5 2 
35.  Trivale Bradu   5 2 
36.  Trivale Găvana   1 2 

37.  
Another 
city Centru 

11,00 - 
11,29 2 2 

38.  Moşoaia 
Another 
city   4 5 

39.  
Another 
city Trivale   4 2 

40.  Trivale Centru   4 2 

41.  Trivale Trivale 
11,30 - 
11,59 4 2 

42.  Trivale Trivale   4 5 
43.  Trivale Trivale   5 2 
44.  Trivale Bascov   4 2 

45.  Moşoaia Mioveni 
12,00 - 
12,29 4 5 

46.  
Another 
city Centru   5 2 

47.  Moşoaia Mărăcineni   5 2 

48.  
Another 
city Mioveni   4 2 

49.  Moşoaia Centru 
12,30 - 
12,59 4 2 

50.  
Another 
city Trivale   4 2 

51.  
Another 
city Trivale 

14,30 - 
14,59 7 2 

52.  
Another 
city Trivale   5 2 

53.  
Another 
city Trivale   4 2 

 Survey results O-D 
Calea Drăgăşani, Wednesday 01.06.2011  

No 
trips 

Origin Destination 
Time 

interval 
Purpose 

(1-7) 

Mo  
Mode 
(1-8) 

54.  
Another 
city Bascov 

15,00 - 
15,29 6 2 

55.  
Another 
city Găvana   3 2 

56.  
Another 
city Trivale   4 2 

57.  Moşoaia Găvana   2 2 

58.  
Another 
city Prundu 

15,30 - 
15,59 4 2 

59.  
Another 
city Bucureşti   4 2 

60.  Moşoaia Trivale   3 3 
61.  Moşoaia Trivale   5 2 
62.  Trivale Prundu   2 5 

63.  
Another 
city 

Craiovei-
Exe.   2 5 

64.  Trivale 
Craiovei-
Exe. 

16,00 - 
16,29 2 2 

65.  Trivale 
Craiovei-
Exe.   3 2 

66.  Trivale Trivale   5 2 

67.  Moşoaia 
Craiovei-
Exe.   3 2 

68.  Trivale Centru   6 2 
69.  Moşoaia Centru   6 2 
70.  Moşoaia Trivale   7 2 

71.  Moşoaia Centru 
16,30 - 
16,59 4 2 

72.  Moşoaia Centru   1 2 
73.  Trivale Centru   2 2 
74.  Trivale Popa Şapca   2 2 

75.  Trivale 
Altă 
localitate   6 2 

76.  Trivale Centru 
17,00 - 
17,29 1 2 

77.  Trivale Centru   5 2 
78.  Trivale Centru   5 2 

79.  Trivale Centru 
17,30 - 
17,59 7 2 

80.  Trivale Centru   5 2 
81.  Moşoaia Centru   7 2 
82.  Trivale Centru   6 2 

83.  Moşoaia 
Craiovei-
Exer. 

18,00 - 
18,29 4 2 

84.  Trivale Centru   7 2 

85.  Moşoaia 
Craiovei-
Exe.   7 5 

86.  Trivale Găvana 
18,30 - 
18,59 5 2 

87.  Another Trivale   4 2 
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 Survey results O-D 
Calea Drăgăşani, Wednesday 01.06.2011  

No 
trips 

Origin Destination 
Time 

interval 
Purpose 

(1-7) 

Mo  
Mode 
(1-8) 

city 
88.  Trivale Războieni   6 2 

89.  
Another 
city Găvana 

19,00 - 
19,29 1 2 

90.  Trivale Mioveni   4 2 

91.  Trivale 
Craiovei-
Exe.   4 1 

92.  Trivale Centru   1 2 

93.  Moşoaia Centru 
19,30 - 
19,59 1 7 

94.  Moşoaia Trivale   1 3 
95.  Trivale Găvana   6 2 
96.  Trivale Albota   7 2 
97.  Trivale Centru   5 2 
98.  Trivale Centru   5 2 

99.  Trivale 
Negru-
Vodă   4 2 

100.  Trivale Budeasa   5 2 
 
Legend: 
• Travel Purpose (1-7):                                   
1 - Commuting to work;   
2 - Business (other than commuting); 
3 - Commuting to school; 
4 - Return Home;                                        
5 - Shopping;  
6 - Approval;  
7 - Other.                                                                                                                
• Mode shift (1-8): 
1 - Bicycles, mopeds, scooters, motorcycles; 
2 - Cars, taxis, SUV (4     WD), with or without a trailer; 
3 - Minibus (9-15 seats);  
4 - Buses (25-70 seats); 
 5 - Pick-up, trucks;  
6 - Two-axle trucks and;  
7 - Articulated Vehicles, trucks with 3 or more axles; 
 8 - Other types of vehicles. 
 

 

 
Fig. 6 Types of vehicles share the sense of input in Pitesti in the Trivale. 

Thus, one can appreciate the usefulness of this investigation by 
revealing the fact that in localities near the city of Pitesti / suburban 
area population has a good social status, with a higher income per 
family member (which is explained by higher engine index, as data 
from local councils of the communes of the subject study). Thus, it 
may be available by distance travel distribution as having 
exponential pace, according to the literature [12] - Fig. 7 

 

 
4. Evaluation of road traffic by counting vehicles 

Also, the contract research ,,study on urban transport of people 
in the metropolitan area and the route Pitesti – Pitesti” an 
investigation was conducted manually counting cars in traffic on 
01.06.2011 in 14 points of entry into city or within the city (using a 
special form, included in the sentence), from which point the 
investigation NM (Manual Count of vehicles) arranged in the 
neighborhood Trivale Drăgăşani Avenue, opposite the Water Tower 
/ pumping station Smeura [17]. 

Data recorded in special form are presented in the table below 
(and attached Annex sentence). 

For data processing we used the equivalence coefficients 
indicate the STAS 10144/5-88: Calculation of street traffic capacity, 
specify the following table. 

No. 
crt. 

 
Category car equivalence factor 

 

Equivalence 
ratios 

1. Motorcycles, Scooters 0,5 
2. Car 1,0 
3. Minibus 1,2 
4. Bus 3,5 
5. Autocamionete, trucks up to 4 axles 2,5 
6. Heavy trucks (more than 4 axles) 4,0 

 

Since traffic data were collected on intervals for 0.5 hours, were 
made graphics for input traffic intensity in the way Drăgăşani 
Pitesti, in order to evaluate the capability artery road in relation to 
existing traffic and demonstrate the possibility of line fitting end for 
a distance of the neighbourhood Trivale analysed. The very aim of 
demonstrating capability in perspective, estimating traffic flows 
increase due to population growth in the peripheral / suburban 
areas, as well as engine index (sustainable public transport by 
people in the analysis). 

Resulting in the conclusion of this analysis is as follows: in the 
street capacity is still sufficient Drăgăşani way traffic taking any 
time of day, because, being two lanes wide in each direction, so the 
capacity is approx. 2000 vehicles - which does not exceed the 
maximum recorded (max. 1000 veh. Ech. / 0.5 hours). 

The creation of the upstream end of the route intersection 
roundabout (where it already operates the route terminus Pitesti - 
Glade Lake - See) will be even a factor in reducing traffic in the 
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roundabout junction downstream (the artery which observation 
point was set). 

In addition, the roundabout junction arranged in kids, the horses 
Drăgăşani intersection with main road in the neighbourhood, is a 
good opportunity to end the route before setting them the advantage 
that this intersection is the only type of intersection that allows 
handling of return (for means of transport). 

So, making public transport attractive people in the Pitesti - 
Vedea, with a transportation program harmonized with the routes 
that extend from the center of Pitesti municipality neighbourhood 
kids, will be an important factor in maintaining traffic within the 
neighbourhood Trivale traffic congestion will be avoided during 
peak hours. 

5. Conclusions-Evaluation of passenger demand in the 
suburban areas Vedea- Pitesti, by counting travellers 

To assess demand for public passenger transport route Pitesti - 
Vedea we analysed the possibility of creating two types of surveys: 

- Conducting a survey as an observer fixed in one working day 
and a non-profit station in Pitesti, because this is the station on the 
outskirts of the neighbourhood kids, where he got all travellers 
leaving from city to country, or travel down who came from country 
to city (this is because there is one pole of transport - Pitesti 
municipality) to develop the study will note time of arrival / 
departure of means of transport to / from the station and the number 
of travelers who have climbed or down to / from the vehicle. 

- A study as an observer mobile journey by public transport 
from end to end of route and noting the number of passengers and 
number of passengers climb down at each station, resulting in 
passenger volume interstaţii. 

To assess demand for public passenger transport route Pitesti - 
Vedea a study conducted as an observer fixed in a day (Tuesday, on 
24.05.2011) and the business day (Sunday, on 05/29/2011) the 
station Pitesti-kids, in both directions of travel (route is unipolar, 
Pitesti is the pole of attraction for travellers in both directions of 
transport). We used a special form designed for this investigation, 
attached to the work. 

Data were recorded for all routes in the Pitesti - Vedea, so the 
route Pitesti – Poiana Lacului - Vedea and 8 routes  

The main observations from the results obtained in the 
investigation of counting passengers on the route Pitesti – Poiana 
Lacului - Vedea are: 

- Daily passenger volume of about Oneness. 1000 passengers / 
day on days (ZL) and approx. 500 passengers / day in non-working 
days (ZNL), the ratio between the two sizes is 2:1; 

- Number of passengers registered in one working day is quite 
large, almost the entire capacity of transport networks in the county 
program, but in fact operators have won auctions and operates 
vehicles with capacities greater than those specified in the county 
program transport by scheduled (these values are minimum values) 
is found such as in the Pitesti - Vedea transport capacity was 
undersized, and that operators use only vehicles of larger capacity 
transport made the request to be satisfied , this observation requires 
reconsideration of transport capacity in the future program of 
scheduled passenger transport by the Arges county. 

Therefore, following are proposed amendments to the program 
of transport: for transit will become the main route (Pitesti – Poiana 
Lacului - Vedea) and connects the other routes and municipality 
Pitesti weekdays (ZL) to ensure capacity transport by about 20% 
higher than that measured, and holidays (ZNL) transport capacity is 
the half-day (ZL). It is envisaged that this capacity is added and the 
route Pitesti - Hinţeşti, which will remain in the new transportation 
program. 

Since all routes are unipolar (have as a starting point and return 
Pitesti), was not the case to be made and a survey of travellers 
interstaţii counting because the interstate is first loaded from Pitesti 
(Trivale - Smeura), where passengers have already been counted 

and conclusions were formulated on the number of passengers on 
interstate. 

He also notes that there are cases where more than the number 
of passenger seats (not standing passengers), so does not violate 
legal provisions on this issue. 
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1. Introduction 
Nowadays, due to the impact of many factors (e.g. competition 

in rail industry, growing demand from customers, etc.), the 
importance of the quality of the railway transport service is 
increasing rapidly. Railway companies with well-organized and 
properly functioning quality management systems add benefits to 
their performance that not only satisfy customers but also make 
their operations more effective and competitive. Although quality is 
of indisputable importance, there is a little research being done to 
explore this specific issue. 

Researches into the field of service quality involve 
identification and evaluation of the significance of some particular 
indicators, the essence of which is characterized by the nature of the 
definition of quality. There are many meanings of the term 
“quality” but two of them have a crucial importance regarding 
quality management: 

-Quality stands for those features of a given product (or service) 
which meet client needs and as a result provide satisfaction. This 
meaning of quality is oriented to a company’s income (a greater 
satisfaction of clients leads to their increased number and as a result 
– increased income). 

-Quality means absence of deficiencies (technical failures, 
human errors, imperfection of exploitation process design, etc.) in a 
company’s functioning. In this case, there is no need for additional 
measures: higher quality stands for less cost. 

In the past, the railway industry has been faced with simple 
technical and technological systems which included a small number 
of defined inputs and outputs, comprising only simple subsystems 
and components. Thus, a single manager could understand them 
almost completely and could predict failure conditions and the 
consequences thereof. 

These days, railway technical and technological systems are 
complex. System complexity is continuously increasing, pushing 
managers to better understand of how the system behaves and what 
its influence over transport service quality is. It should be admitted 
that without having a well designed, properly organized and 
effectively working knowledge management system with respect to 
factors influencing railway service quality, even the best intentions 
would probably be in vain. 

This paper discusses the need to establish, the essence and key 
features of a knowledge management system in the area of the 
quality of transport service in railways. 

2. Essence of transport service quality and need for 
its management 

Today in modern society, the daily lives and schedules of many 
people are more dependent on the transport service of railways than 
ever before. As a result, the importance of service quality is 
increasing rapidly.  

There are a large number of definitions for quality currently 
being used in many industrial areas but few in the field of railway 
transport services, although this term is broadly used in papers, 
researches and regulations. In the light of the characteristics of 
railway operations and with adaptation of the definition of quality 
stated in [2], the quality of transport service could be indicated as: a 
complex property of a given railway technological system (e.g. 
railway undertaking) to perform its functions connected with the 
transportation of passengers and goods properly and in accordance 
with certain pre-determined performance (service) standards, 
designed in compliance with specific criteria and operational 
indicators (characteristic of the system). 

On the basis of such a definition, the next five basic properties 
of service quality in respect of a railway undertaking functioning 
can be defined:  

-Duration of transportation (goods or passengers) - determined 
by the speed of transport means moving from the initial to the end 
point of a given transportation route. 

-Convenience - creating normal and ergonomic travel conditions 
for passengers in transport means, facilities for loading and 
unloading freights, etc. 

- Cultural services - ethical and polite relation to customers of a 
railway undertaking (passengers or shippers), high level of sanitary 
and hygiene conditions in transport means, etc. 

-Protection of cargo - creating conditions to prevent damage to 
the cargo during the transport process. 

-Reliability - ability of a railway technological system 
(undertaking) to perform its required functions under stated 
conditions within a specified period of time. Reliability has three 
basic properties: 

 -Punctuality - associated with the timely arrival/departure 
of trains at/from stations, i.e. train delays are both qualitative and 
quantitative criteria to assess the reliable implementation of 
requirements. Punctuality is an important indicator for the accuracy 
of implementation of the planned timetable and usually is defined as 
a percentage of trains arriving on time (of total number of trains 
realized) within a sufficiently significant period of time. 

 -Regularity - characterized by reliable implementation of 
each single train route. Due to many causes a given train route 
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could not be entirely fulfilled (for example: an accident occurring 
during a train movement between initial and final stations). 

 -Safety - ability of a railway technological system to 
prevent hazards to the life and health of people (passengers, local 
population, operational staff, etc.), material damage, threat to the 
ecological balance of the environment, due to the influence of 
objective or subjective, internal or external destabilizing factors 
affecting the system. Occurring accidents are a measure of safety. 
But as the intensity of their occurrence is significantly less than the 
intensity of train delays, the last are key indicator of the reliability 
level of rail transport service.  

Recently, railway transport in Bulgaria is facing tangible 
competition from road transport (both passenger and freight). In 
order to assess the situation and improve its competitiveness, 
railway transport as a whole should implement urgent measures. 
The correct understanding and evaluation of the nature of service 
quality and its properties is the only and correct way to identify 
shortcomings and improve service quality and competitiveness 
thereof. The above refers not only to infrastructure managers but 
also to all railway undertakings (operators). 

In the area of railway transportation service, reference [3] 
proposes some minimum service quality standards. They do not 
cover all aspects (properties) of service quality stated above but this 
document gives the freedom to railway undertakings to define 
service equality standards and implement a quality management 
system to maintain service quality. The basis of such a system is a 
knowledge management system regarding all unwanted and 
unintended events, conditions and processes that impact negatively 
on one or another aspect of service quality. All properties of quality 
are important and should mandatorily be analyzed but safety is to be 
the key issue (transport service should primarily be safe) within 
overall knowledge management system. In other words, a safety 
management system of a given railway undertaking (supported by 
an organizational knowledge management system) is a major part of 
its quality management system. The nature, main components and 
features of such a system are discussed in the next sections of the 
article.  

3. Nature and attributes of knowledge 
Determining the importance of knowledge management 

amounts to answering the question of the distinction between the 
terms data, information and knowledge. These three terms are often 
used equivalently but in their essence and place within decision-
making process they are quite different. The right understanding of 
this distinction is a basis for a successful design, establishment and 
functioning of knowledge management system and continuous 
improvement cycle (in the field of service quality) thereof. This 
importance is usually omitted from managers working on the 
problems of service quality. 

Data involve facts obtained by implementing intended 
observation. Usually, data represent raw numbers and as a whole do 
not give clear picture regarding the context and essence of the 
investigated process.  

Information is a subset of data and typically involves the 
processing of raw data to obtain a clearer understanding of the 
development trend of a given process. 

Knowledge is the tip of a hierarchy comprising information at 
the middle level and data at the lowest level. It refers to information 
that enables decision-making (and actions thereof) about 
relationships among events and concepts relevant to investigated 
areas and specific processes. 

Here are some examples that reveal the difference between 
terms data, information and knowledge. 

Let us suppose that there is statistical data about serious 
accidents ( SA, jn ), accidents ( A, jn ) and incidents ( I , jn ) which 

occurred within the operational process of a given railway 
undertaking caused by j-th causal factor (from set of n possible 
causes of incident: j=1,…,n). It is obvious that these data are devoid 
of context and/or intent and in such a form they cannot be used for 
any profound analysis. Being just absolute safety indicators these 
data are not directly useful – they are not convenient to compare the 
performed transport service of this undertaking for different 
operational periods and also with the service of other competing 
undertakings. By contrast, that SA, jn , A, jn  and I , jn resulted from 

the last exploitation period are also data, but they can be directly 
used to compute some more useful indicators, [ e.g., probability of 

occurrence of a given cause j ( )( )j SA, j A, j I , jQ n n n N= + + , 

conditional probability (when cause j has already occurred) of 
occurrence of a given type of incident 

( )( )SA, j SA, j SA, j A, j I , je.g. serious accident: Q n n n n ]= + +

and hence to make a decision (N – total number of train routes 
realized within investigated operational period). Therefore, when 
being processed properly data turn into information for decision-
making. For example, the decision may be connected with the 
implementation of a specific mitigation measure to reduce the risk 
of that causal factor which has the highest probability of 
occurrence. 

The information about jQ  and SA, jQ  is more useful than the 

raw data SA, jn , A, jn  and  I , jn  but it does not directly help the 

decision-maker to make the best choice. Using the knowledge of 
how to compute, use further and interpret probabilities, this 
information can be converted into more useful information, e.g. 
unconditional probability of occurrence of serious accident due to 

all possible causes: 
n

SA j SA, j
j 1

Q Q Q
=

=∑  (n - total number of 

causes). In other words, knowledge involves appropriate 
combination of concepts, judgments, methodologies and know-how 
to get and process proper raw data, obtain and analyze information 
from them and use it for decision-making (Fig.1). 

Having answered the question of knowledge attributes (data and 
information) another very important question arises: what must be 
done to get the most out of those very valuable resources? The 
answer here is connected with the possibility to design, organize 
and run appropriate knowledge management process. Virtually, the 
knowledge management in the field of transport service quality can 
be defined as implementation of appropriate intentional activities 

Fig.1.Relationship between data, information 
and knowledge
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connected with finding, collection, dissemination and application of 
data, information and methodology for their processing to enhance 
the performance of a given railway undertaking. This definition 
defines four key elements of the process for knowledge 
administration which in turn put foundations of an overall 
knowledge management system (Fig.2). Knowledge management 
system in a given railway undertaking can be defined as a 
permanent process of research, analysis, control and monitoring of 
service quality in its all properties. This is a normative and 
managerial system (structure) which should encompass all elements 
of knowledge management (described above in figure 2). Figure 3 
provides a schematic description of the various aspects, subsystems 
and structure levels of knowledge management system.  

4. Role of knowledge management system within 
overall continuous improvement cycle in railway 
undertaking performance 

4.1. Characteristics of continuous improvement 
cycle 

First of all, it is necessary to define the sense of concept for 
continuous improvement cycle in the area of railway transport 
service quality. Principally, continuous improvement is a 
management philosophy which assumes that the improvement in a 
field of interest (production, services, processes, etc.) is always 
possible. According to this understanding, all events and processes 
involved in that field should be permanently analyzed and 
reevaluated. This analysis and re-evaluation should be used as a 
basis for decision-making to determine the most appropriate 
measures for improvement. Improvements should be implemented. 

Continuous improvement is an organizational belief (culture) 
that effectiveness of its processes could and should always be to the 
attention of company’s management in order to meet customers’ 
demand. Continuous improvement relies on employees’ positive 
involvement in finding and fixing all problems of a company’s 
performance. Such an involvement happens only when employees 
are informed about company’s performance deficiencies and 
possible ways to correct them. Only then they can improve their 
functioning by applying their creative faculties to their work related 
problems. 

 Continuous improvement of a given process is usually 
interpreted as an iterative four-step management strategy named 
PDCA cycle (Plan–Do–Check–Act) [1] [4]. It is also known as the 
Deming Cycle (named after Dr W. Edwards Deming, considered to 
be the father of modern science of quality). Figure 4 shows the 
basic details of PDCA cycle. 

4.2. Railway undertaking – business and risk 
system 

To understand the role of knowledge management system 
within an improvement cycle in a railway undertaking it is 
necessary to define the basic features of its performance, and no 

doubt that reliability and safety (as its property) are the most 
important of them. Therefore, it is of great use to specify railway 
undertaking as a risk system. This is a business system that is 
designed and organized to generate useful and intended outputs 
(conveyance of goods and people) which are realized within a 
specific and changeable operational environment characterized by 
substantial potential for the occurrence of adverse (risky) outputs 
(accidents and incidents). The definition above means that just as 
we would apply some quality management approaches and tools 
(e.g. organizational acquisition of knowledge) to control the quality 
of services from the business system, so we should apply similar 
tools to control the influence of incidents (as an output of the risk 
system) over the quality. To prevent incidents (and accidents) from 
occurring and to improve service quality it is necessary to have 
enough information regarding their characteristics, called incident 
learning. Incident learning is an important part of overall knowledge 
management system of railway undertaking. Virtually, railway staff 
and sometimes railway undertakings as a whole tend to hide (when 
possible) incidents because they are connected with liability for 
compensation and/or deterioration of their image to the society and 
state. As a result, whatever “gap” in information regarding causal 
factors of incidents, leads to a “gap” in knowledge management and 
decision-making. This is an extremely unwanted and intolerable 
state in a business system involved in transport service which is 
performed in an environment characterized by the presence of a 
great variety of harmful influencing factors.  

4.3. Knowledge management as a powerful tool for 
balancing business and safety goals in railway 
undertaking 

Principally, railway undertaking is a generic business system 
that is designed, organized and run to achieve a profitable output 

Fig.2.Key elements of knowledge management
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(qualitative transport services that satisfy customers’ demand). In 
case of not achieving the designed output due to system failures 
(e.g. incidents), a railway undertaking is facing some losses – 
system failures require time and resources for their recovery. In 
other words, system failures (and losses connected with them) lead 
to transport service gaps and performance losses.  

There are many different causes for system failures but what 
unifies them is the fact that they are principally avoidable. The 

avoidance of system failures is possible only when there is enough 
knowledge about causal factors to prevent them from occurring in 
the future. All this means that knowledge management is a very 
important tool for balancing transport service (business) and safety 
purposes. The relationship between the two main parts of a railway 
undertaking performance – system of transport process management 
and system of risk (safety) management, and also the role of 
knowledge management as a unifier of business and safety purposes 
are depicted in figure 5. 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

5. Conclusion 
Railway transport service is characterized by complexity not 

only on the stage of design but also within its real implementation. 
Moreover, the functioning of a railway undertaking is realized in an 
environment with uncertain conditions – accidental influence of 
internal or external (for the organization) causal factors. Sometimes, 
the negative influences could fatally harm undertaking performance. 
This is why the knowledge about potential system failures and 
causal factors connected with them is a very important and powerful 
tool not only to support but also improve quality of transport 
services. 

The possession of knowledge regarding potential system 
failures (leading to poor service quality) is quite insufficient. 
Knowledge should be enriched, shared and implemented for 
decision-making. All this is the foundation of knowledge 
management. The importance, structure and specifics of this 
foundation are discussed in this paper. 
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Abstract: The logistics is a segment of opportunities for solving different kinds of tasks for industry (minimizing cost, increasing of 
flexibility, productivity grow etc.). Dangerous goods transportation is very sensitive in task of safety. Many factors can have influence on 
total stability of supply chain of dangerous goods. Some moments aren't returnable so the dangerous goods logistics must be prepared for 
problems which can happen. This is the area for supply chain optimization with focusing on risk elimination. 
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1. Introduction 
Logistics has four main aspects. Required quantity at required 

time to the right place in correct quality and that’s all for 
appropriate remuneration. If something get damage during the 
transportation carrier doesn’t abide the quantity, if that requires 
another transportation that breaks the plans and increasing the costs. 
If carrier insures with higher quantity for every transport, he waste 
sources, customer capacities, strains own capacities – vehicles, 
loading spaces, infrastructure, loading times, packaging (time and 
material), labeling, handling etc. If carrier delivery required 
quantity but the transportation underway other than goods required 
condition (microclimate - temperature, humidity…), that delays 
following processes or destroy the shipment. That means failure in 
question of quality. All those aspects decrease goodwill of the 
company in consequence of decreasing the competitiveness. Finally 
that does can evoke increase of prices for end customer in case of 
fines, penalties or cost increasing by reason of accidents and 
failures. Dangerous goods transportation induces direct threat in 
nearest surroundings of transportation routes or much more 
dangerous the environmental pollution for long time period even for 
places situated far away from place of accident (due wind or water 
influence (rivers, groundwater…) etc.). Such irresponsible behavior 
may be subject to acute, temporary or permanent traumatic 
conditions requiring a financially difficult diagnosis and therapy. It 
all comes from the public purse. Prevention is essential in this case. 
Safety is on the first place. Therefore that exist an enormous 
number of conventions, codes, regulations to eliminate the risk of 
such shipments to the minimum possible level. On the other hand, it 
is necessary to recognize that the dangerous goods are an essential 
part of our lives and give us a wide range of useful applications, it is 
therefore necessary to look for ways that leads to lower costs, but 
not at the cost of reducing safety or quality, but maintain the 
availability of these commodities to support economic growth in all 

countries, either directly or by supporting inputs for different 
sectors of the national economy. 

2. Main tasks for dangerous goods logistics 
Dangerous goods supply chains don’t start with raw materials 

but in reach scientific laboratories or test rooms. It’s for this reason 
that every aspect of the supply chain must be safe (mining, 
production, transportation, handling etc.). Every single member of 
the supply chain, whether carrier, packager etc. is only a mediator 
precise instructions of scientists verified and recommended the 
proper and safe processes. That’s creates a hypothesis of 
requirements of special workers, companies etc. Every type from 
wide range of dangerous goods list need special conditions and 
special dealing. The best would be if there were only specialist 
carriers for each commodity with special equipment. However there 
is a usage capacity problem, if consignor hasn't got large enough 
volumes the carrier can have transport efficiency problems. 
Transport companies performing efficient transportation often got 
problems in cases of safety requirements. That should ensure safety 
advisors who have an obligation to be establish. Not often safety 
agenda and transportation agenda has an ideal pervasion. The 
reasons are apparent because the transportation is most efficient 
when majority time of the vehicle life cycle is loaded. Under 
condition of maximize of lifetime and simplicity of each 
components (minimize the time for maintenance and shutdowns in 
case of failures). That can be achieved just at the base of vehicle 
universality offering transportation for heterogeneity commodity in 
different kind of transport variants. And yes the ideal solution 
model is modular logistics system without limitation in usage of 
transport means. In order to meet these demanding requirements 
should adhere to the principles of logistics chains to serve the 
methodology shown in Figure 1. 

Fig. 1 The methodology of dangerous goods logistics.                   Source: authors 
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3. The methodology of dangerous goods logistics 
Seeing that the methodology is shown for general usage, for our 

case – dangerous goods transportation we must focus on 
transportation chain (Fig.2). Every supply chain has three types of 
flows – materials (physical), information and finance (non 
material). It’s very important to properly define and draw-in to the 
process map. After that the next step is analysis of information flow 
(management, control etc.), legal (if all operations are carried out in 
accordance with applicable standards) and physical (from this flow 
we can calculate value adding of transportation – time consume, 
failures, costs for each unit of material, goods etc.). At this base we 
can draw finance flow (but in our context is this information 
negligible. Usually supply chain start by commodity recognition. 
The general diversification of the commodities is to the live animals 
and goods. For our case we eliminate the condition of live animal 

and some goods from group of extraordinary shipments (heavy, 
oversize etc.). So now we can analyze if our object is dangerous. 
There s only one way how to do it, all hazardous substances, 
materials, goods are registered in different kind of databases. If it’s 
in one from the databases, registers etc. we can classify it as 
dangerous. And all dangerous materials, goods has own material 
safety data sheet - MSDS (or Safety data sheet – SDS). Every 
producer or manufacturer must issue MSDS under uniform structure 
– point no. 14 – transportation information is a key factor for 
transportation. There are listed information about safety transport 
for all modes of transport usually under united national code and 
abbreviation of the rule (example ADR/ RID 1203). If 
transportation can’t be safe than can be this type of transportation 
prohibited. The next step is finding the right rule and UN code in 
code list. All information about safety transport for each type of 
transport is listed in tables. What is very important are data about 
packaging, labeling, pressures, separation or segregation for each 
material and also information about other size conditions for 
transportation. All this rules has direct impact for the future 
planning of transportation. The next problem is about places – from/ 
via/ to. This information can judge how transportation can definitely 
looks like (key factor). If there are not other restrictions like time 
pressure for loading, loading restrictions, ramps, cleaning or filling 
equipment, than is another problem – tracing. In dangerous goods 
tracing there are several types of restrictions on infrastructure not 
only traffic (jams, road quality…) or transportation parameters 
(bridges, tunnels, buildings…) but also restrictions for no entry for 
vehicles carrying dangerous goods to the country or locality or 
section of the road, track etc. And the last type of restriction is 
safety hazard (look next chapter). After all those factors which have 
direct impact we got one problem choosing one of the options that 

we remain gradual selection. Option about bulk loaded just on the 
vehicle or loaded on the transportation unit (ITU - intermodal) with 
most effective vehicle or ITU proportion to the goods requirements. 
Last choice problem is about forwarding manner. Forwarder make 
usually choice in question of quality of transport, carrier reliability, 
transport cost etc. If everything is correct all choices and checks are 
done then comes the material flow (loading, fixating, labeling, 
handling etc.).  From this point it’s all about carrier’s efficiency in 
case of transport (traffic) technology. Acts like train formation, 
traffic control, technical checking, driving style etc. In keeping with 
the agreed rules can finish the transportation at the required place - 
a destination, mutual acceptance and delivery of shipment - checks 
and so on. After unloading the transportation is completed. The 
following processes can be cleaning tasks and returning the vehicle 
or re-loading. 

4. Risk elimination 
As we have mention before solutions for creating or solving the 

supply chains the main factor that needs to be solved is rarity of 
goods (the transportation problem). During dangerous goods 
transportation is very important to be prepared for questions about 
different kind of risks. There are so many types of dangers, hazard 
or risk that can endanger supply chain stability. At following figure 
we define 8 type of danger which common company can face with.  
The next text outlines the most common dangers focused on human 
protection, and also usual ways of dealing or elimination to the 
lowest allowable risk limit. 

Safety – environmental protection (ISO 14 000) – it’s not only 
about ecology (green gas elimination, noise or vibration elimination 
etc.), but it’s also about protection from undesired leaks of 
dangerous materials to the environment (air pollution, water 
pollution, waste disposal etc.). This type of danger is serious 
problem to the future environmental changes from habitable to the 
uninhabitable it’s about inconspicuous small rations in long term 
ingestion and also together with using sources. 

Safety and security – perpetration for crisis situation – evaluate 
and identify expected problems (what to do if…, and other analysis) 
- collision, failure, incident etc. - periodic information, training, 
inhabitants’ exercises, employee exercises etc. Security system 
preparation, improving of alarms and detectors, preparations and 
trainings of special forces (firefighters, emergency rescue systems 
etc.), effective escape ways, fire protection equipment deployment, 
marked and visible escape corridors even under bed coordination 

Fig. 2 The transportation chain.   Source: authors 
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conditions (heavy dense smoke, fire…) – daubs, labels, emergency 
light. 

Health and safety at work (ISO 18 000) – safer material 
handling, elimination of direct exposition on the people by 
hazardous materials, safety features, first help equipment 
deployment. Work place preparation for incidents (outflows, fire 
etc. – safety vat (tube etc.), hermetic closable areas, fireproof daubs, 
fireproof doors, extinguishing system, air or water screen etc.).  

 

Safety and quality work – eliminate the work processes 
difficulties – elimination of staff direct intervention, automation, 
self detection, self failure detection and signalization 
(autonomization, JIDOKA), total planning maintenance, revisions, 
cleaning, layoffs, better planning this processes to production plans 
(Heijunka) etc. The working stuff doesn’t have to watch machine 
work but just finding a solution of problems (cause detection of 
machine failure – going to the source – Genchi genbutsu) – in order 
to avoid unnecessary downtime while waiting for troubleshooting, 
respectively, to prevent the occurrence of the incident. For example 
use element like andon signaling to stop all processes in the 
removal of the situation (leading to changes immediately to 
coordinate all workers present in the endangered zone.   

Safety at workplace – making of Gemba (direct allocation of 
workplace – workers sector – responsible place) and 
implementation of KAIZEN’s 5 S grows workers performance, in 
case of elimination of unnecessary activity and also cleaner and tide 
workplace eliminates risk of getting hurt.  Thinking people system 
implementation gets a real potential for never-ending improvement 
that’s means elimination of unnecessary work, process reform, 
quality improvement, working efficiency, constrains elimination 
and risk and danger elimination to the minimum. All this activities 
need a system of standardization to confirm already existing quality 
level. What’s very useful is poka-yoke technique (mistake-
proofing). This technique eliminates failures from inattention of 
human and prevents disaster. It’s part of JIDOKA philosophy.  
Poka-yoke prevents machine from failure and protect people from 
failure machine work (machine incident). People working in poka-
yoke don’t waste their time for concentration 
on repetitive activities and they can focus on 
important work (muda philosophy). MUDA-
MURI-MURA is very useful for people, 
because they can be much faster 
implemented to manufacture processes and 
they can work at one place for longer period 
(that eliminate cost for personal question – 

searching, choosing, clothing, safety equipment, education – cost 
and time etc.). Employees are also exposed to risk of sick leave or 
occupation diseases.  

Work complexity decreasing under trend influence of work 
safety improvement and quality improvement result into increasing 
of working unit efficiency that’s mean the cost reduction. This state 
can be reached just through integration of never-ending 
improvement and complex re-engineering (expressed in cost – cost 

reduction and jumping investments to 
technology improvement).  

5. Safety implementation to 
supply chain management  

Implementation of never-ending 
improvement with continues quality 
checking and evaluating from the input to 
output through whole supply chain 
management is possible only by orientation 
at total quality management (on every 
level). Only this way can resulted into cost 
saving which can define a company to the 
position of leader on the market (in the case 
of prices dictate). The standard of total 
quality management has so many types of 
orientation the most important is ISO 9000 
and their modification in relationship with 
customer. That means for supply chain 

manager needs to ensure not only the main 
flows but also reverse and return flows. 
Because reverse logistics is not only about 

waste but also about conformity of customer services (complaining) 
and return logistics is about packages, transportation equipment etc. 
– the things which company uses in cycles.  

After derivation at the single unit activities in logistics 
operations and implementation of integrated quality management 
policy we can solve question about sourcing. Which activities are 
cheaper for our company performed within own resources? Some 
group of activities can be made by one provider in the mode of 
party logistics (especially the third party logistics, most extend type 
of service outsourcing). However the main goal for SCM provider 
is not the cheapest solution but the most sustainable under condition 
of high efficiency. This conception must be better explained. 
Integrated logistics doesn’t bring so many multiplications for 
economic benefits, but well organized whole supply chain from the 
start to the endpoint customer can bring much more synergy effects 
than only one provider can offer. That’s mean only one budget for 
sustainable quality in every activity of supply chain (higher quality 
for lower prices) or much more value added activities than 
unnecessary downtimes, losses for many reasons, less number of 
bottlenecks, orientation for long term returns in green thinking 
logistics form etc. This type of thinking brings reassurance for 
customers. There works simply rule - when customer is satisfied 
than customer will come back and pay again. Many small successes 
take one big success. To maintain this success SCM provider needs 
simply tool – checking system. Checking system consist from 
audits, controlling, certificates and statistics. SCM provider finance 
all those audits etc. from own budged that mean the end customer 
pay it in end prices only once.  

      A 

Fig. 3 The scheme of 8 type of danger. The first column describes general areas of risk and dangers. The 
second column describes topic and the last one describes the possibilities of the prevention. 
        Source: authors 
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6. Conclusion  
In conclusion, we can therefore summarize the known facts. 

Efficiency of transport can ensure just by transport company that 
has enough qualified and efficient staff. It understands the unique 
competitive advantage which employees are. Due to their quality 
system creates conditions for continuous never-ending process of 
improvement and copartner through the process of innovation are 
rightly proud and motivated to more responsible approach to work 
and more power. Moral motivation is they reach high efficiency, as 
evidenced by the safer handling and technology protection of the 
work. Cost savings for the unexpected downtime, eliminating 
systematic errors can dictate the price in the market. If you do this 
cycle counts and exceptional preparation for emergencies, allowing 
the company to react more quickly resulting in a reduction of 
unforced downtime costs, damages and removal of additional 
capital spending and time for giving facilities to their original 
condition. With quality management and crisis management firm is 
high flexibility almost invulnerable, but that all could work easily 
and effortlessly is still needed one last element the risk prevention. 
Prevention integrates risk management philosophy of the company 
both together. Quality management and risk prevention is an 
ongoing process. Incurred costs get back several forms mostly in 
the form of synergies. The fig. shows the risk matrix, which is a 
simple form how to indicate areas that need increased attention. 

The last scheme shows conclusion. Companies dealing with 
logistics operations related with dangerous goods can use these 
conditions as their main goals for future improving and getting to 
the leader position on the market. 
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   B 

Fig. 4 The supply chain operations, process and activities derivations. The first figure is chosen example of common supply chain. The second one 
describes supply chain elements with material, information and management flows. And the last shows focused one of the elements  
            Source: authors 

Fig. 6 The scheme for Safety and Health at Work in the performance of logistics activities carried 
out in the logistics point cut in production logistics intrusions. The scheme is applicable for the 
performance of activities such as carrier, manufacturer as well as other parties - organizations 
providing storage, packing, loading, unloading, etc.             Source: authors 

Fig. 5 The risk matrix – useful simply tool for identification of risks 
areas.     Source: authors 
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Abstract: There is increasing  in the market for transportation and tourist services the interest  in logistics, which is aimed at continuous 
optimization of material and information flows management, defining the any kind of peculiarities of these flows. The tourism logistics is the 
science of planning, control and management of operations carrying out during the process of preparing the travel offers, delivery of 
finished product to consumer in compliance with his/her interests and requirements, as well as during the process transfer, storage and 
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1. Introduction 
 

There is increasing  in the market for transportation and tourist 
services the interest  in logistics, which is aimed at continuous 
optimization of material and information flows management, 
defining the any kind of peculiarities of these flows [1]. Logistics is 
a corporate activity of different tourist companies aiming at 
integration of all processes concerning with attaining the objectives 
of their businesses. The tourism logistics is the science of planning, 
control and management of operations carrying out during the 
process of preparing the travel offers, delivery of finished product 
to customer in compliance with his/her interests and requirements, 
as well as during the process transfer, storage and processing of 
information concerned. It follows from this definition that logistics 
is a system containing the functional areas, each of which solves 
some problems [2]. Importance of tourism logistics, wherein are 
involved such major parties as customer- travel agent-supplier of 
transportation and tourist services, where it is important to properly 
plan, manage and operatively control the complex material and 
informational process of preparing and implementing the travel in 
compliance with interests and requirements of customer [1].    

The important component elements of this system are the 
following ones: 

1. Information – planning of travels, order processing  and 
forecasting of demand; 

2. Conveyance of tourists – means of transport and carrier 
company selection; 

3. Tourist service staff; 
4. Service supporting sector –logistics departments, which 

support the process of preparing the travel offers and 
provision of services to customer: production capacity 
and economic amativeness of tourist companies are of 
topical importance for functioning of logistics system.  

  
2. Preconditions and means for resolving 

 the problem  
 
Integrated logistics structure of tourism covers its component, 

regional and functional structures.  
         The component structure includes the following elements:  
 1. Recreation and tourism resources (tourism resource base); 

   2. Tourism material and technical base logistics, including logistics 
of the spheres of tourists accommodation facilities (lodging 
establishment) and food catering (restaurant facilities) for tourists; 

   3. Logistics and information infrastructures (information logistics in 
tourism); 

   4.  Logistics and transport infrastructure of tourism (tourist traffic 
logistics);  

   5. Sightseeing logistics;   
  6. Logistics of tourism related services;  

   7. Logistics of tourism products production and sales.    
The regional structure of tourism logistics reflects its 

regional (geospatial) systems of six levels:                
1. Local level (tour logistics); 
2. Micro-level (tour operator logistics); 

   3. Mesoscale level (tourist and resort zones and tourist district 
logistics);   

   4. Macro-level (country’s tourism industry logistics);   
   5. Mega-level (world macro-regions logistics); 
   6. Meta-level (world tourism logistics).  

. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        Fig.1. Tourist Flows in Tourism Logistics  
 

Aims and tasks of tourism logistics are different on 
various regional levels. If the introduction of logistical principles in 
the management of the travel company (micro level) to reduce costs 
and thus increase the efficiency of tourist enterprise activities and 
increase its profits, the logistic approaches at higher taxonomic 
levels (macro, mesoscale) provides an opportunity to ensure the 
sustainable development of tourism business in the tourist-and-
recreational zones, areas and country as a whole. On mega- and 
meta-level of the regional logistics systems there is considered the 
tourism sustainable development within the scales of world tourism 
macro-regions, and emphasized the World Tourism Organization, 
global issues of the balanced development of tourism industry 

Functional structure of tourism logistics includes such 
traditional elements as the procurement logistics; manufacturing 
and selling logistics. They relate to all the component and regional 
elements of tourism logistics.  

Tourist flow is a main object of study in tourism logistics. 
Feature of tourism logistics as a service industry consist in defining 
the tourist flows as the main object of studies. This explained by 
fact that the travels pertain to those types of services, when the 
consumers move towards manufacturer, but not manufacturers with 
their products – to the consumer.     

The latter situation is typical, in particular, of trade in 
consumer goods, when demand and consumption geographically 
drawn together, unlike the territorial localization of production. 
Thus, the aim of logistics system of tourist product in trade 
marketing consists in the delivery of products to the tourism 
production and consumption areas.  Therefore, the tourism product 
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sales system envisages the process of moving consumers (tourists) 
from demand regions products to the tourism products production 
and consumption areas.  That's why the tourist flow is a main object 
of study in tourism logistics.  Since the first ones are discussed in 
detail within Tourism Marketing course, but at the same time they 
are interested in Tourism Logistics and (as streaming phenomena), 
in our view, there should be a section in Tourism Marketing 
Logistics, which can be studied as a discipline of Tourism 
Marketing, as well as in Tourism Logistics. 

There are discussed in turn in tourist flows logistics the 
following elements:  
1. Regular tourist flows, in particular: tourist group and single 
tourist (so-called VIP-tourism) flows;  
2. Irregular ‘wild’ tourist flows, which also apply a load to 
recreation-tourist resources in the recreation area. 
For example, in Svaneti, mountainous region of Georgia, by some 
estimates, the share of “wild” tourists exceeds 1/3 of total number 
of holiday-makers (100 000 people in 2011-2012). Among the most 
popular destinations of “wild” holiday-makers in Georgia there are 
emphasized the Green Cape near Batumi (for family outing), 
mountainous regions Racha, Khevsureti, Mta-Tusheti, town-
museum Mtskheta near Tbilisi, and Rabati Castle in Akhalatsikhe. 
Thus and so, the following objects must be studied in Tourism 
Logistics: 
a) Regular tourist flows; 
b) Irregular (“wild”) tourist flows (there are some difficulties with 
statistics). 

Herewith, the main object of tourism logistics is 
represented by regular tourist flows. Let us find out what is the 
essence of the meaning of "Regular Tourist". According to the new 
edition of the Law of Georgia on Tourism, tourist is a person, who 
travels over Georgia or in other countries with the purpose not 
prohibited by law of the host country for periods ranging from 24 
hours up to a year without any paid activity and with obligation to 
leave the country within a specified period.  

The main criteria for defining the person as a tourist are 
the following ones: 
1) Duration of travel (from 24 hours up to a year);  
2) Unpaid activities (tourist does not earn money, but spend them);  
3) Obligation to leave the country or destination within a specified 
period.  

Other citizens, who do not meet these requirements, but 
who are traveling, pertain to the category of travelers (they are not 
counted in Tourism logistics).   

However, there are mentioned as well in the Law on 
Tourism the people traveling within 24 hours, and they are called 
one-day visitors [3]. One-day visitor is a person whose duration of 
stay in visiting area does not exceed 24 hours, and at the same time 
there is no envisaged overnight stop in visiting area. It consists of: 
holiday-makers; passengers who are in round trip (persons who 
enter the country on cruise ships spend the night on the ship, but 
they can make excursions ashore); vehicle crews whose members 
are foreigners and are located in a particular country during the day; 
transit visitors, they do not stay for the night and travel through the 
territory of a particular country to their destinations in another 
country.  One-day visitor logistic flows are counted in tourism 
logistics in a main flow, since they effect on the recreational and 
tourist resources as well.   

The following categories of tourists are highlighted in 
tourist flows: 
1. Domestic tourism – visitor - resident, who travels within the 
territory of own country, but outside his/her usual environment. 
This person travels over Georgia and in inhabitancy areas; 
2. Foreign (incoming) tourist – non-resident visitor; this is a person, 
who travels in Georgia, but is nonresident of it;  
3. Foreign (outgoing) tourist – resident visitor, who makes travel 
outside his/her country. i.e. a person, who travels outside the 
customs territory of Georgia, but is a resident of it;  
4. Transit visitor – a person, who stays in a particular area or 
country during his/her way to the destination (duration of stay over 
24 hours).   

The essence of the meaning of “tourist flow” is defined as 
a permanent arrival of tourists in the country or region. The 
following features are typical of this meaning:  
- total number of tourists (including regular and irregular ones); 
- number of tour days (number of overnight stops or bed-days);   
- average duration of stay of tourists in the country or in the region.  

The main indicators of tourist flows are the following 
ones: number of incoming (outgoing) tourists and duration of stay. 
The number of arrivals (departures) tourists means the number of 
registered visitors, who came from a certain country (or left it) for a 
certain period, typically, for the calendar year. Since a tourist during 
the year and even during one trip may visit different countries, and 
the number of arrivals exceed the actual number of tourists. In 
addition to absolute figures of tourist flows there are used the 
number of arrivals (departures) per thousand of population (relative 
index of tourist flow).    

The duration of stay is determined in overnight stops for 
tourists and in hours for visitors. One overnight stop is made by 
tourist in a certain country or destination. The duration of stay of all 
tourists in the country for some period (i.e. total number of 
overnight stops) I calculated as a product of number of tourist 
arrivals and average duration of stay of each tourist in the country. 
The following formula is used for calculation:    

MTN .=       (1) 

where, Т – is a number of tour days; M – number of tourists. 
Depending on the duration of stay (number of overnight 

stops) there are emphasized the following tours: 
- short trips (1-3 overnight stops), made for recreation and 
entertainment purposes in week-ends and nonworking days and 
holidays (week-end tours), as well as for business purposes:    
- short trips (4-7 overnight stops), envisaging trips with various 
purposes;  
- medium trips (8-28 overnight stops) – long vacation, mostly for 
recreation purpose; 
- long trips (29-91 bed and 92-365 overnight stops), which are used 
for recreation, entertainment or medical purposes, as well as for 
round trips, business and professional tourism.   

Thus and so, from arrivals statistics, when the volume of 
tourist flows is determined, statistics of the duration of stays 
characterizes the tourist travels.    

Tourist flow is characterized by irregularity, which is 
expressed by irregularity coefficient. The following expressions are 
used for its calculation: 
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where,  К1, К2, К3 – are the irregularity coefficients of tourist flow;   
Тмах. –; 
Тмин. - number of tour days during the month with minimum tourist 
flow, man-days; 
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Тпик. – yearly number of tour days, man-days; 
Тсм.- average monthly number of tour days, man-days.   
 

3. Conlusion 
1. Importance of tourism logistics in market of transportation and 
tourist services in Georgia is high, wherein are involved such major 
parties as customer- travel agent-supplier of transportation and 
tourist services, where it is important to properly plan, manage and 
operatively control the complex material and informational process 
of preparing and implementing the travel in compliance with 
interests and requirements of customer. 

2. Tourist flow is a main object of study in tourism logistics. Tourist 
flow is characterized by irregularity, which is expressed by 
irregularity coefficient. Several equations were used for its 
calculation.  
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Abstract:Transport-logistics system of the Southern Caucasus, which is used for the export of oil and gas resources from the Caspian region 
to global markets, includes the pipelines laid across the territory of Georgia, seaside oil terminals, tanker and ferry means of delivery and 
railways. The most important in technical and environmental terms, are the oil transshipment facilities in Batumi, Supsa, Poti and Kulevi.  
           Currently, the development of Georgian ports, including the oil transshipment facilities is carried out within the established 
infrastructure and defined water zones of ports.  
KEY WORDS:TRANSPORT-LOGISTICS SYSTEM, OIL TERMINAL, ENVIROMENTAL SECUTITY 
 

1. Introduction 
 

The creation of the seaside oil transshipment facilities is aimed 
to solve a whole number of technical, economic, environmental and 
navigational problems. One of the aspects of this process is the 
selection of a tonnage group of oil tankers for transportation of bulk 
oil cargoes. In general, however, economic considerations take 
precedence, although in some cases, you must take into account the 
navigational specific features of the regions and navigation and 
existing local conditions. World-wide trends in demand for the 
construction and purchase of oil tankers are known to everyone.  

Unit costs for the transportation of 1 ton of oil by tankers with 
deadweight of 100-150 thousand tons are almost by 2 times smaller 
in comparison with tankers with deadweight of 40-65 thousand 
tons, so about 80% of the oil is transported by ships of such 
deadweight. The tankers of larger deadweight are not considered 
due to fact that the Turkish authorities have strengthened the control 
of passage through the Black Sea straits.  

The use of high-capacity tankers for bulk oil transportation 
reduces the number of berths by about 2 times, and for the version 
with mooring berths, there is increasing their time of operation by 
meteorological factors that increases the throughput capacity of the 
berth.  

Another aspect of the problem of creating the oil transfer 
complex (OTC) is to choose the type and location of the berthing 
facility. In recent years, generally, two types of bulk oil terminals 
are widely used:  fixed moorings (inshore or protected areas 
moorings) and one-point inshore moorings. This is a multi-factor 
challenge, and its optimal solution depends on the location of the 
OTC and natural conditions, the availability of sufficient area 
protected harbors, volumes of overloads, planned the whole fleet. In 
each case, the choice is the priority requirements, conditions and 
source data. 

Only with a view to the construction industry, this analysis 
makes sense, since the cost of construction of the fixed berth is 
approximately by 3 times higher in comparison with one-point 
inshore mooring, and the present costs (including the maintenance 
costs) – by 1,5-2 times accordingly. 

In densely populated areas when selecting the location and 
type of berthing facility there are taking into account logically the 
criteria of operation safety, ensuring the required throughput 
capacity and construction costs.  

The third aspect is an environmental one. Despite fact that the 
emergency oil tanker fleet losses are up to 10% of oil pollutions in 
the world-wide ocean, each accident with a considerable spill is 
considered as a serious environmental case.  

Storage, transport and transfer of oil bear the risk of a negative 
impact on the environment:  

- emissions of harmful substances from tankers, respiratory 
systems of tankers and tank batteries; 

- oil pumping (spill);  
- possible fires and explosions.      
Since all sites of oil transfer are located near residential and 

recreation areas, the risk of their adverse effects is under the 

watchful eye of the public that attaches particular importance to 
safety of such objects.  

Oil spills associated with its transportation by sea had always 
taken place in the world. After the 80-ies of the last century as a 
result of consecutive purposeful activities of the International 
Maritime Organization (IMO) and adequate measures taken by 
seafaring countries, the oil spill accidents has declined tenfold, but 
of times, but all the same that probability is conserved.  of remain. 
This is due to the complex hydrometeorological conditions; the 
aging of tanker fleet; miscalculations in the actions of the ship's 
crew; display of a human factor at all levels of the organization and 
performance of works on oil transportation by sea [4].  

In the ports of Georgia, there has also been a downward trend 
in the oil spill. Special mention should be made of the creation and 
adoption during the last years of an entirely new of legislative-
regulatory framework of Georgia in the domain of ensuring the safe 
operation of potentially hazardous facilities, to which the marine 
and oil and gas complexes are belonged largely, in particular, the 
marine oil transfer terminals [2].  

Safety measures and equipment must be provided at all stages 
of the port installations (oil transfer terminals) – in the design, 
construction (reconstruction, modernization) and maintenance – and 
it must represent an integrated safety system.    
 
2. Preconditions and means for resolving the problem 

Currently, the development of Georgian ports, including 
the oil transshipment facilities is carried out within the established 
infrastructure and defined water zones of ports.  

Thus and so, particular attention in the current develop 
schemes of ports is is received by security problems not only for 
new developing units, but for all units, including the “old” ones, 
which were built before adopting the modern security requirements: 
terrorist, envoronmental and fire protection.  

The modern oil transshipment facilities existing in 
Georgia generally are well-organized and technically prepared for 
oil spill response in the defined water zones of ports, and they quite 
successfully solve the problems with liquidation of cosequencies 
thereof. In formulating a project document on oil terminals and 
preparing proposals to investors regarding an integrated safety 
measures, the port management relies on real goods and services 
market, while actively participating in the creation of new technical 
means and technologies (ship fitters, boom-laying boats, fire-
fighting equipment, and onshore activities).  

Over past years, the efforts have been made in the world 
at different levels in order to ensure safe navigation and improve the 
reliability of large-tonnage tankers that resulted in both regarding 
the reduction of the number of incidents and minimizing the oil 
losses.  

.More accidents occur in areas with severe 
hydrometeorological and navigational conditions and a high density 
of traffic. The Black Sea does not pertain to such zones, and 
therefore there was no accident with the tanker fleet, but only in 
recent years through the main oil terminals (Batumi, Supsa, Poti and 
Kulevi) were transported more than 50 million tons of oil and oil 
products, and the number of ship entries amounted to several 
thousands.  
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 The transfer of oil and oil products in Georgia is carried 
out via the sea specialized terminals in the ports of Batumi, Poti and 
Kulevi. Kulevi.  Out of the total volume of bulk-oil cargoes, the 
crude oil accounts for more than 70%. The main part of  oil cargo 
turnover (about 98%) is represented by transit flows, but the main 
part of oil products cargo turnover is represented by export (more 
than 70%) and transit (29%) flows, and the share of domestic traffic 
is less than 1%.       
 
 
 
 
 
 
 
 
 

Pic. 1. Scheme of loading the terminals with energy carriers 
 
Batumi Port.. Due to traffic volume grow from Kaspi region, 
Batumi Sea Port became a bridge spanning the Eurasian transport 
corridor. Oil and oil products are loaded in Batumi Port’s 4 berths 
having an area of 8 ha and length of 755 meters.  Throughput 
capacity of port is 15-18 million tons of oil products annually. The 
analogous indicator for dry cargo makes up 2.3-2.5 million tons 
over the year. The terminal’s planned cargo turn-over of the 
container shipping is 47-50 thousand containers annually.   

The oil terminal carries out transportation of crude oil and 
other oil products from Kazakhstan, Azerbaijan, Turkmenistan and 
Georgia. The terminal provides consumers with loading, uploading 
and storing services.  

Oil is supplied to terminal by rail, and at the same time, it is 
capable of providing services for 260 rail cars. Total volume of 
terminal premises makes up 5700.000 tons, and is intended for 22 
various sorts of oil products. Since 2008, the oil gas storages had 
been expanded as well, and their volume now is 5 000 cubic meters 
[1].  

Oil in Batumi terminal is loaded in tankers from three berths 
by using the modern systems that allows loading of tankers with 
loading capacity over 130 000 tons.  

At present, the throughput capacity of oil terminal is 15 
million tons annually. The terminal is specialized on the processing 
of a crude oil and all sorts of oil products in practice, such as: diesel 
oil; petrol; oil slurry and so on. 5.4 million tons of oil products were 
transported via the oil terminal in 2011, and 6.115 million tons in 
2010.   

Oil in Batumi terminal is loaded in tankers from three berths 
by using the modern systems. The depth of berths in Batumi port is 
25-30 meters that allows loading of tankers with loading capacity 
over 130 000 tons.  

Over the last decade, cargo turnover of the Batumi Sea Port 
has been increased considerably. At present, about 90% of 80% 
total cargo turnover accounts for oil and oil products shipment. The 
Port actively participates in international associations, conferences 
and projects.   

Till 2015, there is planned in the area of “Batumi Oil 
terminal Ltd.” the construction of oil reservoir with capacity 
4X20000 m3 and facilities and engineering networks forming the 
tank battery complex, that should considerably increase the oil 
terminal’s throughput capacity.  
Poti Port. Poti Port is located at the area of 49 ha and operates 
round-year. At present, the property that the Port owns is the cargo 
transportation complex, which comprises 14 berths and has length 
2650 meters. 11 berths are equipped with portable elevator intended 
for 6-40 tons. The conditions required for shipping are fitted to 
transportation of any type of loads and liquid products. The 

infrastructure of Poti Port is designed so as to enable it to treat 
10 000 tons of cargo. However, railway is no longer able to 
transport these loads, since there is only one rail-track on Poti-
Senaki railway line that places a serious obstacle against railroad 
train turnover. It is necessary to construct one additional railroad on 
Poti-Senaki railway line in order that ingoing and outgoing trains in 
order that they might not interfere one to another.  
 At this time, Poti Port treats only 1,5 million tons of oil 
annually. Soon, the construction of a new oil terminal will be 
completed. This operation includes the construction of oil terminal 
with modern design in Poti port from the Caspian Sea towards the 
Black Sea for the purpose of opening the privileged export routethat 
in turn should strengthen the Georgian economy through expanding 
the railway traffic and increasing the oil transportation 
competiveness, and actually, it should contribute to growing the 
volume of oil and oil products transportation in the region. This 
project is implemented under financial support of Black Sea bank 
(BSTDB).  
 ThePoti Port partially is connected with Ilychevsk Port 
(Ukraine), Varna (Bulgaria) and some Caucasian ports (Russia) by 
means of the direct ferry-boat-railway line, and with Novosibirsk 
(Russia), Burgas (Bulgaria) and Rize (Turkey) by means of the 
direct ferry-boat-automobile passages. 
Supsa Terminal.Supsa Oil Terminal is located on the left bank of 
Supsa River, and it was put into operation in April 1999. Annual 
throughput capacity of Baku-Supsa pipeline is 7 million tons. 
Overall volume of Terminal’s storage tanks is 160 000 cubic 
meters. All four tanks have identical size. After the tanks are filled 
the oil transportation through the pipeline is carried out by means of 
tankers distanced from the coast [3].  
 In 2012, 3 922 306 tons of oil were transported through 
the Supsa Terminal that exceeds the data of 2011 by 2,8%. In 2011, 
the Socar Oil Company had transported .562 million tons of oil 
through the Supsa Terminal.  
Kulevi Port.Kulevi Terminal is one of the most modern terminals 
among all Black Sea terminals. It is equipped with up-to-the-minute 
technology, as well as possesses the highest-level vast oil storage 
tank facilities located at the area of 320 thousand square meters. 
The terminal comprises two berths with capability of providing 
services for 100-ton ships. Kulevi Terminal is capable to receive 
high-tonnage ships, but the berth inlet area needs to be deepening 
down.  

The Terminal possesses its own railroad line as well. The 
production control at the Terminal is carried out on the basis of 
modern SCM systems. Design capacity of Terminal is 10 million 
tons annually. At this time, it is only at 40%.  

About 4 thousand tons of chemical products daily (50 
thousand tons per year approximately) is transported through the 
Kulevi Oil Terminal. This could be accomplished due to a new 
complex for transportation of propylene existing in the Kulevi 
Terminal.  

Kulevi Oil Terminal had successfully adopted the following 
standards: ISO 9001 (Quality Management Systems); ISO 14001 
(Environmental Management Systems) and OHSAS 
18001(Occupational Health and safety Management Systems). 
Since 2007, the Kulevi Oil Terminal is a property of Socar Oil 
Company. The Terminal has started its functioning on may 16, 
2008.  
 
 
 
 

49



3. Conlusion 
 

ТРАСЕCА is considered as a priority European project and in 
practice, it lais the European transportation service lines until the 
caspian Sea, and then to Asia. Europe-Caucasus-Asia transport 
corridor or “New Silk Road”  (TRACECA) begins from Ukraine, 
Bulgaria and Romania. Then crossing the Black Sea it is connected 
to Georgia, towards Batumi, poti and Kulevi terminals. By 
involving the transportation networks of South Caucasus countries, 
the rout is directed to the Caspian Sea, and then passing through the 
ferry-boat passages (Baku-Turkmenbashi and Baku-Aktau) 
TRACECA has access to the railway network of Central Asia 
countries - Turkmenisatn and Kazakhstan, whose transportatio 
networks are connected to the directions of Uzbekistan, Kyrgyzstan 
and Tajikistan, and then they reach the borders China and 
Afghanistan.  

Loading of terminals largely depends on transit oil cargoes, 
attraction of which is envisaged at the account of providing the 
services to an appropriate level, “adjusting” their nature to the 
market needs, improving the oil terminals infrastructure, which 
provides an appropriate volume of services to customers.     
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Abstract:  Discussed are the problems of navigation during execution of cargo and transportation operations of oil and oil       products by 
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1. Introduction 
 

The World Ocean is one of the most important parts of 
biosphere, providing the quality of the environment in planetary 
scale. Numerous sources of pollution and emission of large amounts 
of harmful and toxic substances caused degradation of the parts of 
ecosystems of the World Ocean, disturbance of ecologic balance 
and decrease of the productivity of marine environment. The 
mankind many times faced problems of unwanted ecologic 
consequences of its activities. The pollution of marine environment 
as the result of shipping is quite widespread and its influence on the 
ecosystem of the World Ocean is very noticeable, following from 
the increasing role of sea transportation. 

The increase of the scale of oil extraction, intensification 
of transportation of oil and oil products, construction and 
exploitation of new transportation corridors leads to growing 
dangers (risks) of accidental situations. The main part of oil 
products are emitted into the World Ocean during sea 
transportation, loading, discharge and cleaning of storages (tanks) 
of oil tankers, also as the result of accidents of tankers of various 
tonnages. 

The tanker disasters of the regional scale can in various 
cases cause long-term (decades) and practically irremediable harm 
to marine ecosystems. The world statistical data shows that the 
scale of mischief and economical losses of large-scale tanker 
accidents with oil spillage, in the conditions of Black Sea are 
capable of undermining national budget of any country of Black sea 
region[1]. In accordance with world statistical data, for the last 30 
years, the most frequently, accidental spillages of oil occur in 
harbors of port terminals during tanker cargo operation and from the 
total amount of spillages related to tanker operations and incidents 
they approximately amount to: 35 % - spillages in the volume less 
than 7 tones, 27 % - spillages in the volume from 7 to 700 tones; 5 
% - spillages in the volume more than 700 tones. Lately due to the 
Batumi Oil Terminal there were accidental oil spillages in the sea 
and their material mischief amounted to 200 000 GEL. 

 
2. Preconditions and means for resolving the 

problem 
 

In accordance with forecasted data of specialists, the main 
yearly volume of oil exported from Georgia by transit through 
Black Sea to Europe, may substantially increase during next 5-10 
years. As of today the carrying capacity of the oil terminal is 15 
tones per year. Georgian harbor terminals are specialized on crude 
oil and oil products (diesel, benzine, black oil, etc).  

In Georgia the reloading of oil cargo is being executed in 
harborage oil terminals, which provide shipment of crude oil and oil 
products from Kazakhstan, Azerbaijan and Turkmenistan. The oil is 
being reloaded from Georgian terminals to tankers using modern 
loading systems. Georgian marine berths are capable of loading 
tankers with displacement up to 130 000 tons. 

The utilization of tanker fleet for transportation of oil 
creates a certain risk of accidents[2]. The tanker accident, and 
especially one with fire, threatens with regional ecologic 
catastrophe and economic losses not only Georgia, but also all the 

countries of Black Sea coast: Russia, Ukraine, Turkey, Romania 
and Bulgaria. 

Providing safety during execution of transportation of oil 
products requires solutions of various difficult tasks of scientific-
technical and organizational character. The most important 
objectives are special training of tanker fleet crew members, in the 
first place of crew members responsible for navigation, and safe 
structures of the marine tanker itself. The tactics of execution of the 
range of difficult maneuvers should be perfected, so that in real 
situation it can only be slightly modified taking into consideration 
objective conditions in the area of loading operations. Some of the 
features of the most dangerous maneuvering from the point of view 
of accident rate, specifically mooring operations in the area of cargo 
oil terminals, will be discussed in short. 

The process of tanker maneuvering while approaching a 
point of connection to a pipeline of cargo oil terminal to some 
extent can be compared to the approach of a ship to the place of 
anchorage, though the objective of the maneuver and the most 
importantly parameters of the movement of the ship at the end point 
of maneuvering may differ substantially. Known is that for 
anchorage chosen should be an area, where minimal is the 
probability of worst combination of external factors such as wind, 
roughness and shallow water. 

Point mooring to a receiving facility of a pipeline is being 
conducted in the conditions of open sea and most often not in 
favorable hydrometeorologic conditions. It is not an easy task to 
stop a ship of a large tonnage in a required point, in a required 
position even during low wind, no roughness and minimal current, 
and it requires great skills and professionalism of a navigator. 

Frequent interruption of a started movement and permanent 
corrections of a trajectory in a best case creates wasteful time loss, 
and in the worst case – an accident, which is very dangerous when 
involving a tanker carrying oil products. 

When resolving an issue of approaching an end point of a 
maneuver with given parameters, navigator has to plan a whole 
maneuver, starting from choosing a start point, trajectory of the 
movement to the place of mooring, focal points of trajectory 
(points, where changed is the movement regime based on 
manipulations of tanker navigation facilities). On all the phases of 
maneuvering considered should be external factors influencing the 
ship. Due to the fact that mooring is being performed with low 
speed, the influence of external factors substantially effects 
maneuvering elements of the ship and to large extent determines 
maneuvering tactics. In the given case it is preferable to choose 
such a method of approach to the object of mooring, where 
minimized is the information to be considered by a navigator when 
choosing control actions of ship navigation facilities. The whole 
course of mooring and its separate details should be relatively 
simple and comprehensible for all participants of mooring team. 
Only in that case a desired result can be achieved in the conditions 
of minimal time loss and maximal safety, which is the priority when 
working with oil products. 

The planned reequipment of the world tanker fleet with new 
systems of navigational safety and especially transfer to the 
construction of tankers with double hulls represents a colossal 
organizational–economic problem of the world scale, causing 
financial expenses in the amounts of milliards for ship-owners. 
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At the same time it should be considered, that double hull 
tankers can not be viewed as a panacea of accidents, because even 
at such high price these structures contain imperfections related to 
difficult accessibility of space between hulls for examination and 
control of their condition, also increased corrosive wear of both of 
the hulls when they are used for ballasting with sea water. 

 

3. Conlusion 
In accordance with the world experience and especially 

during the last years, none of the marine powers can independently 
resolve problems related with oil spillages in harborages as well as 
tanker accidents in the open seas. More so, the world community as 
a whole does not have enough organizational-legal and legislative 
mechanisms for prevention of such accidents. 

Georgian ports utilizing equipment of modern navigational 
systems, as well as modern oil harbors are organizationally and 
technically ready to battle oil spillages in harborages, which in 
perspective gives opportunity to relatively successfully resolve the 
problem of providing safety during transportation of oil products 
and expensive liquidation activities in cases of oil spillages. 

The use of new technological methods of eliminating threats 
of oil spillages, including heavy fractions, will provide favorable 
ecological environment and secure the status of Adjure as the main 
recreational zone of Georgia. 

Georgia, being the member of IMO[3], in order no to find 
itself on the periphery of the market of oil transportaion by sea 
means, should bring its national legislation and ports in 
correspondence with new international requirements and standards 
of sea safety. 
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1. Introduction 
Transportation in each country is effected by various socio-

economical factors, such as demography, land use planning, 
population level and especially an integration of the country in 
international trade. All mentioned factors have significant effect on 
demand and supply of transportation services. Actual condition of 
major road-traffic infrastructure is characterized with inefficient 
coverage of the area and inefficient access to highway, respectively 
expressway network. The time for highway, respectively 
expressway access is longer than 45 minutes from the third of 
Slovakian area (Hujo et al., 2013).  

Total energy intensity of transportation is an important issue of 
several economical and ecological discussions for years and is 
essentially a start point for determination of the amount of produced 
emission in transportation (HEGEDÜŠ et al., 2012).   

According to KONEČNÝ et al., 2010, the utilization of 
economical categories, proceedings and relations within the 
management of road transportation enterprises is complicated and 
challenging task, conditioned with detailed knowledge of enterprise 
economical structure, with suitable selection of economical 
coefficient system and with knowledge of relations between 
operating and economical coefficients. In addition, it is important to 
understand the links between road transportation enterprise and its 
economical dependence on external factors – suppliers, consumers, 
government and financial institutions etc.  

The subject of economical research is a transportation 
enterprise or its section, economical condition, management and 
economical results. A complex knowledge, the result of realized 
analyse, will be used for professional decision-making and 
management of the enterprise. In case, when the economical 
analyse is based on values of specific coefficients, it could be used 
as an instrument for diagnostic activity, which exposes an 
economical health of the enterprise (KONEČNÝ, et al., 2010). 
Implementing of new elements into the transportation enterprises 
management could result to a better efficiency of the management 
system, where controlling can be considered as one of those new 
elements. The function of controlling is to create a complex system 
of information about costs and production; economical coefficients, 
which should evaluate a progress of the enterprise as a unit, even to 
monitor the functioning of all sectors of the enterprise, which are 
critical related to management (FÍBEROVÁ, 2001, Szabó et al., 
2012, a, b, Štefina et al., 2012). 

2. Materials and methods 
The effect of time and performance utilization coefficients on 

performances of road transportation enterprise, achieved annually, 
will be expressed as an effect of the driving utilization coefficient, 
wagon stock utilization coefficient, payload utilization coefficient; 
and the time standard of the loading and unloading.  

To express individual coefficients, it is necessary to monitor 
realized performances within fixed period of time. It is important to 
start from turnaround time, which is defined by following relation: 

  tttt cnvjo ++=  

where: 

to  – turnaround time [h], 
tj  – driving time from place of loading to place of unloading [h], 
tnv – loading and unloading time [h], 
tc  – downtimes [h], 

Driving time tj is defined as: 
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j .

1
β

==
       [h]                 
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l z=β  

where: 
l    – number of travelled kilometres [km],            
vt   – technical speed [km.h-1], 
β   – driving utilization coefficient. 

Loading and unloading time is defined based on performance 
coefficient of wagon stock utilization and coefficient of useful 
capacity utilization: 

nKnqt cvcvnv ... γ==   [h]  

where:  
q     – transported quantity [t], 
ncv   – time standard of the loading and unloading [h.t-1], 
K    – payload of vehicle [t], 
γ      – coefficient of vehicle payload utilization. 

To determine the performance of the vehicle, respectively 
wagon stock performance, it is important to determine the number 
of turnarounds realized within one working day: 

t
Tp d

0
0

=   

where: 
Td    – daytime of the vehicle operation [h], 

The number of turnarounds within monitored period (month or 
year) is defined based on the relation: 

VDpp proso
.

0
=                    

VD
VD

cv

pr=α   

where: 
VDpr – operation days of vehicle, 
VDev – evidence days of vehicle, 
α – coefficient of wagon stock utilization. 
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Driving performance travelled within fixed monitored period is 
calculated by multiplication of number of turnarounds and average 
distance travelled at one turnaround according to relation: 

lpL ososo .=  [km],  

Driving performance travelled by loaded vehicle within 
monitored period is calculated by multiplication of number of 
turnarounds and average distance travelled by loaded vehicle at one 
turnaround according to relation: 

lpL zosozo .=                                        [km],  

Loading performance within monitored period is calculated by 
multiplication of number of turnarounds and average weight of 
transported vehicle load at one turnaround according to relation: 

γ..KpQ ososo
=                         [t],  

 
 
Table 1: Input data for transportation enterprise assessment based on 
performance coefficients for year 2010 

 

Table 2: Input data for transportation enterprise assessment based on 
performance coefficients for year 2011 

Transportation performance within monitored period, expressed 
in tkm, is calculated by multiplication of number of turnarounds 
within monitored period; average weight of transported vehicle load 

at one turnaround and average distance travelled by loaded vehicle 
according to relation: 

lKpP zososo ... γ=                    [tkm], 

3. Results and discussion 
In our study we focused on assessment of transportation 

enterprise according to performance coefficients of transportation 
enterprises utilization within monitored period of 2010–2011. This 
assessment enables operative monitoring of driving performances 
within individual months of specific year of 2011, compared to 
coefficients shown in 2010. MS OFFICE includes a program for 
calculation of transportation enterprise performances analyse, which 
consist of following parts: 

1. time utilization, 
2. performance utilization, 
3. absolute coefficients, 
4. relative coefficients. 

Selected values important for calculation of mentioned 
coefficients are presented in Table 1 and Table 2. 

 
 

Based on relations mentioned in a foregoing chapter, the time 
and performance utilization of vehicles are defined from input data. 
At transportation enterprise assessment based on time vehicles 
utilization, it is possible to monitor driving utilization coefficient, 

54



performance of vehicles, driving time from place of loading to place 
of unloading, number of turnarounds and coefficient of technical 
service of vehicle. At transportation enterprise assessment based on 
performance utilization, it is possible to compare driving 
performances, transportation performances and loading 
performances of individual vehicles. All mentioned time or 
performance coefficients are compared monthly or annually. 
Calculated values are used to assess the correct weight of 
transported load of individual vehicles, number of operation days of 
vehicles and number of days of vehicle maintenance.  
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Fig. 1 Interannual comparison of absolute coefficients of performance 
utilization of wagon stock based on performance 

Interannual comparison of wagon stock utilization based on 
performance is presented in graphical form in Figure 1. This 
coefficient is directly connected to transportation performance, 
which is defined by multiplication of number of turnarounds; 
payload of vehicle; driving utilization coefficient and distance 
travelled by loaded vehicle. As it is shown in graphical form for 
year 2011, a decrease in performance utilization of vehicles was 
recorded compared to year 2010. The highest interannual decrease 
of performance was recorded at Volvo vehicle, 22.6% expressed in 
percentage. The exception within this coefficient is Mercedes 
vehicle, which performance increased by 15.3%, caused by increase 
in travelled distance of transported goods and better utilization of 
vehicle payload.   
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Fig. 2 Interannual comparison of average maintenance conditions of 
vehicles 

Technical condition of monitored vehicles effects a total 
performance of transportation enterprise. Figure 2 graphically 
presents an interannual comparison of average maintenance 
condition of vehicles, which showed significant deviations within 
monitored period. Based on that, it is possible to allege, that the 
costs for maintenance and service increased within monitored 
period. The highest increase of economical costs for maintenance 
was recorded at Mercedes vehicle. 
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Fig. 3 Interannual comparison of coefficient of average vehicle loading 
utilization 

Figure 3 presents interannual deviations in average vehicle 
loading utilization in monitored period, where average vehicle 
loading increased in year 2011, resulting in increase of efficiency 
and performance of transportation enterprise.   

4. Conclusion 
As in other sectors of national economy, even in transportation 

is necessary to secure most effective utilization of human and 
material sources. Based on realized analyse of transportation 
enterprise related to his performance, it was possible to assess an 
interannual comparisons of selected coefficients. Based on data 
processed by statistical methods, it is possible to draw necessary 
measures to increase the performances of transportation enterprise. 
It is possible to allege, that following coefficients have the most 
significant effect on an increase of monitored transportation 
enterprise performance: number of travelled kilometres with loaded 
vehicle, optimal utilization of vehicle payload and the time of 
vehicle maintenance.  
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Abstract: The rapid development of road transport and serious reliance of modern human society on its services is an undeniable fact. At 
the same time, the past and present of this transport mode are inextricably linked to a number of problems related to traffic management. 
Therefore, the need of development and implementation of effective measures to increase the level of traffic safety becomes more important.  

These measures should be fulfilled at different organizational levels (e.g. urban planning, improvement of organization and traffic 
management systems, vehicle design, transport infrastructure, etc.). Undoubtedly, the most important of them are connected with traffic flow 
characteristics, which require a profound analysis, especially about their connection with safety requirements.  

In this sense, the present article discusses the relation of operational safety with the potential of conflicts between road users (conflict 
situations) due to the impact of some influencing factors. These factors include: state and/or local policy on road safety, characteristics of 
traffic flows, technical features of vehicles, human behaviour, weather conditions, traffic management, etc. In the context of said above, here 
several approaches for analysis and evaluation of road transport safety have been considered. Their strengths, weaknesses, applicability and 
need to develop are also discussed. 
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1. Introduction 

The rapid development of road transport and the strong reliance 
of modern human society on its services is an undeniable fact. At 
the same time, the past and present of this type of transport are 
inextricably linked to a number of problems of organization and 
traffic safety on the roads and streets. For example, in 2009 more 
than 35,000 people were killed in traffic accidents on the roads of 
the European Union (Fig. 1) and about 1.5 million were seriously 
injured. Property damages are enormous and estimated at not less 
than 130 billion EUR [9]. 

All this raises the need to develop and implement effective 
measures to increase the level of traffic safety. These measures 
should be implemented at different levels (e.g. urban planning, 
improving systems of organization and traffic management, design, 
construction and improvement of the transport infrastructure, etc.) 
and no doubt require in-depth research to identify of the laws and 
the characteristics of the movement of vehicles. What is essential in 
this aspect is the study of the impact of various operating 
parameters (e.g. the characteristics of traffic flows, the specifics and 
technical condition of transport infrastructure, organization and 
management of traffic flows, etc.) on safety. 

The analysis of current approaches, concepts, research results 
and directions for future research in the area of transport safety is 
the main goal of this article. 

2. Nature and characteristics of road transport 
safety 

Road transport safety is a complex concept, which involves all 
available approaches, methods and activities for management of 
risks aimed at road participants (drivers of vehicles, passengers, 

pedestrians, etc.), material assets (vehicles, transport infrastructure, 
etc.) or the environment. 

Typical feature of transport is the movement of physical objects 
(vehicles). Conflicts between them are highly undesirable events 
and their prevention (or reducing consequences after their 
occurrence) is a main priority in systems for traffic organization and 
safety management. 

 Operational environment with potential for conflicts between 
road participants (conflict situation) may occur due to the influence 
of a number of factors. These factors include: state and / or local 
policy on road safety, the characteristics of traffic flows, the 
technical condition and the characteristics of vehicle and road 
network, human behavior, weather, organization and management 
of traffic and more. Figure 2 shows the correlation (and interaction) 
between the influencing factors on road safety known as: Driver - 
Vehicle - Road - Environment (operating conditions) System. 

Operating Conditions

Fig.2.Driver - Vehicle - Road System

Driver Vehicle Road

 
It should be recognized that there are a number of scientific 

studies on the negative impact on road safety of the mentioned 
above factors. Figure 3 shows the proportion of different factors to 
the occurrence of road accidents according to the data proposed in 
[8]. 

Fig.3.Proportion of different factors influencing traffic safety
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A specific feature of road transport is the large number of 

interacting vehicles moving in different directions. If in the course 
of its movement, two (or more) vehicles simultaneously "bring 

Fig.1
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intention" to "occupy" the same restricted area, an unusual 
(complex) operating situation occurs with a potential for conflict 
between these vehicles. Further development of the complicated 
situation may be terminated as a result of timely and adequate 
actions of drivers of vehicles. If the behavior of drivers is 
inadequate, the complicated situation could easily develop into an 
emergency situation (potentially dangerous situation) that requires 
immediate action and high professionalism of the drivers to avoid 
conflict (traffic accident), for example: a sudden change of speed or 
movement direction, extreme (emergency) braking, etc. 

It should be noted that the occurrence (and also the 
development) of a potentially dangerous situation largely depends 
on the traffic organization, the characteristics of traffic flows, the 
weather and the condition of the transport infrastructure. Even the 
smallest changes in the characteristics of these factors lead to 
significant changes in the parameters of the traffic, and hence the 
probability of occurrence of abnormal and emergency situations. 
This should be taken into account when conducting research on 
road safety: approaches, methods and models for analysis and 
forecasting, analysis and evaluation of influencing factors, choice of 
the most appropriate measures for increasing safety, etc. 

3. Overview of Approaches for the Analysis and 
Evaluation of Road Transport Safety 

There are a large number of scientific papers and publications 
on methods and approaches for assessing road safety and 
influencing factors. What unites them all is the search for an 
appropriate solution for improving road safety depending on 
individual characteristics: areas designated as hazardous after 
conducted surveys (black spots or black sites); roads and areas 
typical with particular accident types at a number of individual sites 
throughout the area. 

In this part, the article will concentrate on some basic methods 
and traffic safety models with the aim of clarifying their advantages 
and disadvantages. Thus, the main factors that influence traffic 
safety and the fundamental models used around the world and in the 
European Union will be determined. 

Each local authority in the European Union under the Road 
Traffic Act is required to improve road safety. In fulfilling these 
responsibilities, public funds are invested in projects aimed at 
analysis, evaluation and improvement of road safety and necessity 
to take measures for reducing road accidents. Improved flow should 
lead to: decrease of travel time, vehicle emissions, fuel usage, 
psychological stress on drivers, and improved safety.  

In order to create a suitable transport approach (model) for 
prediction of traffic accidents it is necessary to answer to a few 
basic questions: 

• Influential Factors: Which engineering factors influence 
accidents rate. Are these factors the same or different from those 
found in past studies? 

• Extent of Influence: Does each influential factor affect 
accidents and to what extent? Which factors are not significant, 
marginally significant, or very significant? 

• Possible Countermeasures: What are the engineering 
treatments for addressing specific safety problems? 

• Efficacy of Countermeasures: What are the traffic 
accident reduction factors. For example, how many lives can be 
expected to be saved for every 1 m increase in shoulder width? [3] 

According to reference [3], factors that influence traffic safety 
include: engineering (roadway) features, vehicle and operator 
characteristics, environmental features, and levels of education and 
enforcement of legislation geared towards safe road use. The study 
focuses only on the engineering features of the road (Fig. 4).  

 

Fig.4.Explanatory Engineering Factors Affectig Crashes
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Traffic accident prediction models are developed for each 

highway functional class for four traffic accident severity 
categories: injury traffic accident; property damage only traffic 
accidents; fatal and injury traffic accidents and total traffic 
accidents. Based on this set of information, the factors affecting 
traffic accident occurrences are defined: the section length, traffic 
volume, lane and shoulder width, pavement friction, average 
horizontal curve radius, average vertical grade, driveway density. 

Prerequisites to traffic accident modeling basically include 
developing a traffic accident database (with roadway characteristics 
such as traffic volumes, geometric design features, traffic control 
features, and traffic accident history) and selecting an appropriate 
functional form. 

According to reference [4], despite numerous findings made in 
improving the estimation tools of statistical models, the most 
common probabilistic structure used for modeling motor vehicle 
traffic accidents remains the traditional Poisson and Poisson-gamma 
(or Negative Binomial) distribution. 

For example, study [3] shows the use of Poisson and Negative 
Binomial models. It is made for rural two-lane roads in Indiana. 
Each of 540 rural two-lane state highway segments and a sample of 
107 county road segment lengths are explored for the period from 
1997 to 2000. Four functional classes are studied: rural collectors, 
rural minor arterials, rural principal arterials on the state highway 
system, and county roads. 

The general form of traffic accident models derived using a 
Poisson model is: 

(1)                            




= ∑ iikLQA χγβ exp ,  

where: 

 A - number of traffic accidents in a selected time period; 

 L - length of the section; 

 Q  - average daily traffic on the section;  

 iχ - explanatory variable; 

 k , β , iγ - constants estimated from the modeling process. 

Negative Binomial model allows additional variance 
representing the effect of omitted variables. Using negative 
binomial regression analysis, some traffic accident prediction 
models for three different traffic accident severity categories are 
obtained – all traffic accidents, property damage only traffic 
accidents, traffic accident, fatal and injury traffic accidents. 

Negative Binomial Regression and Poisson regression are also 
used as base approaches in [6]. In this study, D100/22 State 
highway section on the way to Şebinkarahisar (Turkey) is 
examined. The number of traffic accidents in accordance to 
kilometer and geometrical properties of the highway, 
environmental, highway and traffic signs condition, field conditions 
at night and during daytime, are taken into consideration.  

When it comes to modeling small samples, the Poisson-gamma 
model is usually the choice of transportation safety modelers. 
Poisson-gamma models problems, defined as the “low mean 
problem” (LMP) are the topic in [4].  
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The primary objective of this research project was to verify 
whether the LMP affects the estimation of the dispersion parameter 
and, if it was, to determine the magnitude of the problem. To 
accomplish the objective of the study, a series of Poisson-gamma 
distributions were simulated using different values describing the 
mean, the dispersion parameter, and the sample size. 

The functional form of the model is: 

(2)                               21
2,1,0
βββ ii FFB = , 

where: 

B - predicted number of traffic accidents for the site i; 

1,iF , 2,iF - entering Annual Average Daily Traffic flows for the 
major and minor approaches for site i; 

0β , 1β , 2β - coefficients to be estimated. 

Although the functional form is not the most adequate for 
describing the relationship between traffic accidents and exposure, 
it is still the most favored by transportation safety modelers for 
modeling traffic accident data at intersections. There are three 
estimators that are commonly used: the Method of Moments, the 
Weighted Regression, and the Maximum Likelihood Method. What 
is essential to know is that, if the dispersion parameter is 
misestimated, common analyses performed in traffic safety could be 
seriously undermined.  

Another study uses Generalized Linear Model Technics [5]. 
This study is based upon data of personal injury road accidents 
reported to the Police which occurred on the Lothian major road 
network during a four year period 1979-1982. A computer program 
called GLIM (Generalized Linear Interactive Modeling) was 
adopted for the study and the purpose of the model was to explore 
the relationships that may exist between road accidents and traffic 
flows on different parts of the road network. To obtain appropriate 
data it was necessary to have both road accident and traffic flow 
information. The LORASS (Lothian Road Accident Statistics 
System) was the chosen software because it provided a 
comprehensive source for such data. Another computer program, 
called TRAMS (Transport Referencing and Mapping System) was 
installed by the Region to support this model of the road network. 

Each junction is identified by its LORASS node number and the 
software GLIM does not simply represent a complex junction as a 
single node but a series of nodes each showing particular traffic 
conflict points. One disadvantage of the technique is that LORASS 
codes are not universally accepted, i.e. determined to some extent 
by the subjective judgment of the researcher. Another difficulty is 
related to the investigation of accidents- the study data have a 
marginally higher proportion of accidents at junctions than those for 
Great Britain. This observation may be explained by the relatively 
high proportion of urban road miles in Lothian Region, suggesting a 
higher than average number of junctions per road kilometer.  

Generalized Linear Modeling Approach in which Negative 
Binomial (NB) regression models is used in [2]. This model is 
developed for the City of Toronto and the variables that had 
significant effects on accident occurrence are: the number of 
households, major road kilometers, vehicle kilometers travelled, 
intersection density, posted speed and volume-capacity ratio.  

A Geographic Weighted Regression (GWR) approach is 
employed to test spatial variations in the estimated parameters from 
zone to zone but it is a relatively new technique that permits the 
parameter estimates to vary locally rather than globally. The basic 
idea of GWR is that a regression model is fitted at each point, i.e., 
weighting all observations by a function of distance from that point. 
The major disadvantage of the GWR method, and its software, is 
the assumption of normally distributed errors which are not valid 
for accident prediction modeling. 

It is important to mention that, data availability and logical 
considerations influenced the process used to select the independent 
variables in the models. However, it is recognized that a model with 
too many variables may perform poorly with a new sample of data 
from the same population. Description of statistic data in [2] is 
divided by: socioeconomic and demographic characteristics, 
number of intersections, road kilometers, traffic demand and 
variables.  

Another case study that uses data for more than 1000 Traffic 
accidents in Southern California identifies twenty-one traffic flow 
regimes for three different ambient conditions: dry roads during 
daylight, dry roads at night, and wet conditions [1]. This research 
uses a disaggregate approach, in which the units of analysis are the 
traffic accidents themselves, rather than aggregations of traffic 
accidents over time and space. There are three sets of variables in 
the disaggregate approach: the characteristics of the traffic accident 
and of the traffic flow, the time of the traffic accident, measured at a 
location as close to the site of the traffic accident as possible, and 
environmental conditions, such as highway geometry, roadway and 
weather conditions, and visibility. 

Two of the methods used are linear: principal components 
analysis, the most common form of factor analysis, and cluster 
analysis.  

Principal components analysis is used to interpret the 
correlation structure among traffic flow variables in terms of a 
smaller number of independent linear combinations, called factors. 

Cluster analysis is a similarly widely used method of grouping 
observations based on similar data structure. This analysis is used in 
order to find homogenous groups of traffic flow conditions, which 
they call “regimes.”  

The third type of multivariate analysis is Nonlinear 
(Nonparametric) Canonical Correlation Analysis (NLCCA), which 
is not commonly used in transportation research. NLCCA is 
designed for problems with variable sets that contain categorical or 
ordinal (Nonlinear) variables. The analysis techniques are 
somewhat unconventional to this domain of study. This analysis 
applies only to urban freeways with at least three lanes in each 
direction, and the specific results apply to conditions during 1998 in 
Orange County, California, but validation has not yet been 
conducted, so the degree of spatial transferability cannot be 
confirmed. 

There are various other different approaches for analysis and 
evaluation of road safety.  

 In reference [7] are considered 23 different approaches. “Risk 
Evaluation by Modeling of Passing Behaviour”, is about overtaking 
maneuvers on rural roads, based on road geometry and driver 
characteristics (ages and gender). The negative aspect in relation to 
EURSI (European Road Safety Inspection) is that it addresses only 
one type of a collision scenario. It’s the same with the following 
projects: “Assessing Traffic accident Risk on Road Curves”, 
“Effects of Geometric Design Consistency on Road Safety”, 
“Roadside Point Hazards”; “5-level Roadside Hazardousness 
Index”. 

Approaches used for the analysis and evaluation of road 
transport safety are: different safety indexes (“Safety Assessment on 
Accidents, Traffic Flow and Facilities”), General Linear 
Regressions (“Effects of Geometric Design Consistency on Road 
Safety”). Hierarchical Full Bayesian models were developed to 
relate traffic accident frequencies with various risk factors 
associated with adverse weather, road alignments and traffic 
characteristics in “Bayesian hierarchical approach for developing 
safety performance functions”, Empirical Bayesian algorithm is 
used in “TARVA”, Data Collections based on GPS based surveys is 
used in “Web GIS for Road Risk Analysis” and so on. 
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3.1 Strengths, weaknesses and applicability of the 
Approaches  

We can conclude that in terms of approaches for assessing road 
safety, there are various different approaches to predict accidents, 
but they can be generalized to the following main types of modeling 
techniques: Generalized Linear Modeling, Poisson and Negative 
Binomial model. There are also a few innovative ways of modeling 
traffic safety, such as the nonlinear (nonparametric) canonical 
correlation analysis, Generalized Linear Interactive modeling and 
the use of GIS in transport safety which are usually a collaboration 
of the well-known above models. Each of the approaches has its 
own strong points and weaknesses. In most approaches, difficulties 
arise from the collection of extensive statistical database if it does 
not exist so far.  

The Generalized Linear Interactive modeling that is proposed in 
[5] is a flexible model from the viewpoint of the possibilities that it 
suggests. It has the same weakness as others like this: contains a 
common component on both sides of the equation. This problem 
exists in the analysis of relationships, for example: between 
accident rate and traffic on links where the dependent variable 
would be accidents per million vehicle kilometers and the 
independent variable would be million vehicles. According to the 
research significant improvements to the models are achieved by 
the application of empirical Bayesian methods. Interestingly, in the 
research, the accident rate was found to decrease with increasing 
traffic intensity.  

As regards Poisson and Negative Binomial model, which are 
used in a variety of studies (for example reference [3]), the 
proposed models suggest additional possibilities with suitable set of 
variables. The difficulty appears with the data collecting, the 
selection of significant and the definition of insignificant variables 
and also the estimation of parameters of the model for conditions 
outside Indiana. We can rightly conclude that the negative aspects 
of Poisson- Gamma models, discussed in [4], are the same together 
with the fact if the dispersion parameter is misestimated, common 
analyses performed in traffic safety could be seriously undermined. 
In scientific papers [6] and [1] the advantages of the models are 
related to the possibility for establishment of elaborate transport 
model, influenced by a sufficient number of variables. The 
researcher concludes that it is crucial to take into account traffic 
accidents report, environmental conditions and highway geometric 
characteristic to determine the risky and dangerous sections on 
interurban highway. In this way all of the effects caused traffic 
accidents would have been taken into consideration.  

 When talking about Nonlinear (Nonparametric) Canonical 
Correlation Analysis (NLCCA) [1], which is a disaggregated 
approach united to cluster analysis, disadvantages are related to the 
collection of statistical information and the complexity of the 
model, because the cluster needs grouping of the variables, which 
could be partially subjective. 

Some authors prefer to use more types of parallel but separate 
techniques. This is the case in [2]: the model mainly depends on 
variables, which are not generally known and are obtained 
according to the specific conditions. The major disadvantage is the 
assumption of normally distributed errors. 

4. Conclusion 
The forms and types of accident models vary considerably. It 

has been shown that individual types of models (e.g. different types 
of models for each intersection) are of great interest but do not lead 
to the production of significantly improved model for each accident 
than the so called “all accidents model”. Furthermore, the “all 
accident model” has proven its stability over the years and enjoys 
the confidence to predict future levels of safety.  

Experience in the studies of accidents at roads shows that they 
are due to a combination of the following factors: highway 
geometry, driver and vehicle characteristics and the environment. 

Accidents are typically caused by an interaction of more than two of 
these factors.  

The process of collecting crash database is expensive and needs 
to contain descriptions on the following: date, time, location of the 
traffic accident; number of injured and vehicle involved; accident 
severity; drivers physical condition; light and weather conditions; 
collision type; distance from the intersection; roadway segment 
length; traffic flow; surface type and so on. The difficulty of 
creating models derives from the large number of experimental 
data, which needs to be collected and correctly assessed. 

The present state of the art in the field of traffic safety shows 
that the negatives of most developed models are associated with 
their severe individuality, i.e. the need to do the research for small 
areas because of labour intensity in the collection of information. 
The models’ results depend mainly on variables which are generally 
known and are prepared according to the particular conditions. The 
key difficulty comes from the need of collecting complex and 
considerable amount of data most of which include significant and 
insignificant variables. Despite numerous studies, the identification 
of significant and insignificant variables is difficult and to some 
extent subjective, and therefore care must be taken at the same time 
not to aggravate the model, but to be made enough accurate for the 
conditions. 

As for Bulgarian conditions, modeling the influencing factors 
on road safety is not at the core of planning and management of 
urban traffic. In other words, the correlation of known and 
discussed in this article approaches and methods for Bulgarian 
conditions is not checked. The main problem here is the collection 
and processing of a sufficient number of real data on the 
characteristics of accidents (number, type, location, etc.), transport 
infrastructure, traffic flows, etc. It is necessary to analyze and verify 
the applicability and the need for improvement (for the conditions 
of country) of the available methods and models in this area. 
Achieving this goal will contribute to improve the level of transport 
reliability and safety. 
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Abstract 
This paper presents the research results of fatal consequences in traffic accidents with tractors in the agriculture of Republic of Macedonia. 
Herewith we research the causes of accidents that led to fatal injuries by farmers in agricultural production. According to the research 
carried out in the period from 2008 till 2012 in accidents with tractors, 47 people have been killed. The most common cause of accidents is 
inadequate speed of movement and real road conditions, and often tragic consequences as a result of a mutual crash of vehicles and tractor's 
rollover.  
 
Key words: tractor, accidents, crash, rollover, fatal consequences 
 
1. Introduction 
Modern agricultural production in terms of exploitation, poses 
considerable demands in relation to machinery (tractor) and in 
relation to the human user. The reasons for this are the complexity 
and interaction of agro-technical, meteorological and biological 
conditions that accompany agricultural production. 
A number of factors that affect the operation and safety of the use 
of tractor-machine sets (TMS) and their correlation, impede 
implementation of agricultural technology in various places and 
conditions. For that reason, there is a large number of accidents 
which often end in tragedy. 
Today, agricultural production can not be imagined without the use 
of modern agricultural machinery, and a carrier that has the widest 
use in agriculture is a tractor. However, in many circumstances, 
according to [1], [2], [3] tractors are potentially very dangerous 
traction-drive machine, especially if they are not used in accordance  
to certain technical safety rules [7], [16] prevention and care [8] and 
certainly the traffic laws and technical regulations. 
Car accidents involving farm machinery on public and rural roads 
represent a serious problem in most of the states of America [30]. 
Based the researches on survey reports of traffic accidents in 
different states of America, it is concluded that accidents involving 
agricultural machinery, are almost commonplace. 
The man who operates the tractor, and regulate attachment units, is 
exposed to many different influences [11], especially the effects of 
extreme temperatures, excessive noise, vibration, emissions. All 
mentioned have a dangerous effect on the tractor operator and can 
cause a number of disorders in the body. Physiological fatigue of 
tractor operator is one of the most important sources of reduced 
security. The operators often spend a full day (10 hours or more per 
day) working with the tractor, strenuous work. Longer working 
hours, in interaction with the listed negative effects (which lead to 
rapid operator fatigue) are often associated with the risk of 
accidents. Workplaces (fields, meadows, forests, etc...) are distant 
from the place of residence, which may influence the occurrence of 
accidents. Tired tractor drivers returning home, are going on public 
(often main) roads meeting with (faster) vehicles. Fatigue and the 
influence of alcohol used by tractor drivers, technical malfunction 
tractors, large differences in speed and other factors contribute to 
the increased risk of traffic. It should be noted that the above 
happens in the evening and at night, and the failure of light-
signaling devices specifically causes of road traffic accidents in 
Macedonia. 
With the development and implementation of many positive effects, 
tractors and other agricultural machinery, the researchers in their 
work and literature data show tractor undoubtedly one of the main 
causes of the various types of injuries and accidents, with different 
and even tragic consequences. 
For example, according to data [7], [18], [28], in the last 10 years, 
directly in agricultural production in the United States the average 
of 800 people are annually tragically hurt, 14 in Finland, 31 in 
Ireland, 35 in Slovenia in Serbia 75 operators or users of 
agricultural machinery. 

Likewise, much of the research presented in the world literature 
confirms that in every tragic case comes up to 40 injured farmers 
(heavy and light injuries, disabled workers with the traumatic 
consequences of different levels of social problems). According to a 
study from 1999 [27], an average of 21 adult a year are killed in the 
agriculture of Florida (USA). The most common types of accidents 
in this research is overturning tractor. In the U.S., 36% of accidents 
in agricultural production, are as a result and a consequence of 
improper operation of tractors, while in 19% of accidents causers 
are other agricultural machinery. 
Injuries and accidents with tragic consequences with participation 
of men and tractors in the Republic of Macedonia are the critical 
point of agricultural production. According to data from the Central 
Bureau of Statistics [24], Clinical Center [23] and MIA [21] in 
Republic of Macedonia, in the period from 1993 to 2003 the 
average of 14 people die in traffic accidents with tractors annually. 
Also, in accidents with tractor working on average 9 people are 
killed, 5 were tractor drivers and four passengers on the tractor or 
trailer. 
Today, much attention is devoted to the safety, security and raising 
the technical education of farmers working with machines in the 
world. However, accidents with tractors and other agricultural 
machinery [17] and continue to occur as a result of improper 
handling, disregard of basic traffic rules, mental and physical 
fatigue, malfunctioning machines and the like. Poor training of 
farmers (especially operators of agricultural machinery) because 
there is no permanent training and supporting professional - popular 
courses for the proper use and maintenance of tractors and other 
agricultural machinery, has a direct impact on the number of 
accidents with severe and fatal consequences in agriculture in 
Macedonia. 
 
2. Materijals and metods 
Accidents and injuries with fatal consequences for farmers in the 
public transport of Macedonia, were analyzed for a period of five 
years, 2008-2012 in the following areas: 

• transport operationsin  public transport on the roads in 
Macedonia with a participation of a tractor and a trailer 
Data on fatalities [21], [23], [24] were obtained from the Central 
Bureau of Statistics, Ministry of Interior of R. Macedonia, Clinical 
Center and health institutions in the period from 2008 to 2012. 
Records and data of these institutions were used to collect data on 
the tragic fatalities in agricultural production. 
The survey data are tabulated and plotted by year, causes and 
consequences of an accident, and then analyzed. 

 
3. Results and discussion 
In agricultural production while using a tractor, directly in the field 
or in the public transport, a large number of accidents are happening 
[18], [23], [24]. Unfortunately, as a result in these accidents 
farmers, mostly have a serious injury, or those are injuries with 
tragic consequences. Thus, for example, [19], in the period from 
1980 to 1988 in agricultural production in the Republic of Serbia in 
tractor accidents, 900 tractor operators have been killed, or an 
average of 112 a year. According to the literature data, in the United 
States [25], [33], the average in the agricultural production  are 
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1300 accidents which occure per year with tragic consequences, and 
120,000 accidents with severe injuries. 
During the research period in Republic of  Macedonia from 2008 to 
2012, in accidents involving tractor 819 persons have been injuried, 
of which 47 (5.74%) died, 168 (20.51%) people were seriously 
injured and 604 (73.75 %) were easily injured in traffic accidents 
with tractors on public roads (Table 1). 
 
Table 1.The consequences of accidents with tractors 

Year Killed Seriously 
injured 

Eaisily 
Injured 

Total 
injured/dead 

2008 13 35 106 154 
2009 6 33 104 143 
2010 7 34 106 147 
2011 8 35 167 210 
2012 13 31 121 165 
Total 47 168 604 819 

% 5.74 20.51 73.75 100 
 
If we analyze the causes of accidents that led to the death 
consequences (Table 2) it can be concluded that in road accidents 
with the participation of tractors on average 9.4 people die per year 
and the largest number of 27 (57.45%) people died tragically due to 
non-compliance with traffic signs and regulations. As a result of 
poor psycho-physical condition and pedestrians and passengers 
errors and technical malfunction of the vehicle 12 (25.53%) and 8 
(17.02%) individuals were killed. 
 
Table 2. Total number of people killed in a tragic road accident 
with tractors, 2008-2012 

Consequences 

Causes of accidents 

Total 

Disrespect 
of 

traffic signs 
and 

regulations 

Psycho-
physical 

state 

Pedestrian 
and 

passengers 
errors and 

vehicle 
technical 

malfailure 

Dead 27  
(57,45%) 

12 
(25,53%) 

8 
 (17,02%) 47 

average (5 years) 5,4 2,4 1,6 9,4 
 

The largest number of people 15 (55.56%) was tragically killed as a 
result of speeding, movement which is not in accordance to traffic 
signs and road conditions (Table 3). A number of people 6 
(22.22%) were tragically killed due to improper movement and 3 
(11.11%) individuals were killed due to priority passing. The 
minimum number of people 1 (3.70%) tragically died as a result of 
tractor operator errors when stopping and parking the vehicles. 

 
Table 3. Tragically killed people in road accidents with tractors 

Year 

Causes of accidents 
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2008 1 0 0 3 2 0 6 
2009 3 0 0 0 0 0 3 
2010 1 1 0 0 0 0 2 
2011 4 0 0 1 0 1 6 
2012 6 1 0 2 1 0 10 

Total dead 15 2 0 6 3 1 27 
Average 3 0,4 0 1,2 0,6 0,2 5,4 

% 55,56 7,41 0 22,22 11,11 3,70 100 
 

Tractor operator errors that occurs as a result of psychological 
factors, physical condition (alcohol or drugs consuming, fatigue, 
illness, physical and psychological deficiencies, etc.) and lack of 

experience in managing a tractor and other motor vehicles have led 
to the occurrence of accidents with tragic consequences in which 12 
people was tragically killed  (Table 4). 
 
Table 4. Tragically killed people in road accidents with tractors 

Year 

Causes of accidents 

Other 
mistakes Total 

Psycho-physical 
state Insufficient 

experiences Alcohol Other 
causes 

2008 1 3 1 0 5 
2009 1 0 1 0 2 
2010 1 0 1 0 2 
2011 0 0 1 0 1 
2012 1 0 0 1 2 

Total dead 4 3 4 1 12 
Average 0,8 0,6 0,8 0,2 2,4 

% 33,33 25 33,33 8,33 100 
 
According to the survey (Table 4) it can be concluded that as a 
result of these causes of accidents, the majority of people 7 
(58.33%) are tragically hurt because of poor psycho-physical 
condition of the tractor operators and drivers of motor vehicles. 
In road accidents as a result of alcohol consumption was tragically 
killed 4 (33.33%) people was tragically killed and  due to other 
causes that have led to an unstable psycho-physical condition and 
have a direct impact on the concentration and reaction speed of the 
operator or driver another 3 (25,00%) people have been killed. The 
negative impact of psycho-physical condition of the operators and 
drivers of other vehicles on the security and the number of people 
killed in road accidents cited by other authors in studies [19]. 
Accidents which are a result of the inexperienced driver and tractor 
operator in the managing of motor vehicles has led to tragic 
consequences in 4 (33.33%) individuals, and the unexplained causes 
of accidents killed one more 1 (8.33%) individual. 
 
Table. 5 Tragically killed in traffic accidents with tractors 

Year 
Errors - Mistakes Technical 

Vehicle 
Malfunction 

Total Pedestrians Passengers 

2008 0 1 1 2 
2009 0 0 1 1 
2010 0 0 3 3 
2011 0 0 1 1 
2012 0 1 0 1 

Total dead 0 2 6 8 
Average 0 0,4 1,2 1,6 

% 0 25 75 100 
 
Beside the operators of agricultural machinery and motor vehicles, 
causes of traffic accidents are: pedestrians and passengers errors, 
and vehicles technical malfunction. As a result of these causes 8 
people was tragically killed (Table 5). According to the survey 
(Table 5), it can be concluded that due to technical vehicles failure, 
6 (75.00%) individual have been killed. The table shows 2 more 
people who died in the accident and that they were passengers on a 
tractor. 

 
Comparing causes of traffic accidents of tragically killed people, 
with the types of accidents with tractors (Figure 1) it can be stated 
that the maximum of 18 people (38.30%) have died tragically as a 
result of the collision of motor vehicles and tractors. As a result of 
tractor roll-over, and landing tractors off the road, a total of 13 
people  (27.66%) are recorded and 12 (25.53%) injured people are 
from the the other types of accidents which is  the highest recorded 
death of road accidents. 
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Fig. 1. Number of people killed in road accidents with tractors in 
the period 2008 - 2012 

1 - Vehicles collisions 
2 - Landing off the road 
3 - The fall of the tractor-trailers 
4 – Tractor roll-over 
5 - Trampling tractor      
6 - Impact of tractors in hard surface 
7 - Impact tractor and parked vehicle 
 

The average age of the tractors in the Republic of Macedonia is 26 
years [24], and the older amortized tractors (often with a faulty 
system for steering and braking, faulty warning lights, etc..) do not 
have built-in safety cab or frame, and no other security electronic 
devices which control the position and tractor work. In such a 
situation, serious injuries and even fatalities, injury to the operator 
or passenger of the tractor (which are driven mostly on the bumper 
or stand in the rear of the tractor without the possibility of 
protection) are inevitable. 
 

   
Fig. 2. Overturning of a tractor with tragic consequences 
 
4.Conclusion 
According to the findings of the tragic consequences in road traffic 
accidents with tractors in agriculture of the Republic of Macedonia 
from 2008 to 2012, it can be concluded: 
During the research period in road accidents with tractors 819 
people have been injuried. 
In accidents involving tractors, 47 people have been killed 
tragically. 
According to the type of traffic accidents, the most tragic 
consequences are as a result of: 
- Mutual vehicle collision (18 people) 
- Tractor roll-over (13 people) 
- Landing the tractor off the road (12 people). 
The tragic consequences of road traffic accidents with tractors, 
often are results of these causes: 
- Speeding and inadequte  movement on the road in accordance to 
the real conditions (15 people) 
- Poor mental and physical condition (alcohol, drugs, illness, etc.).  
(8 people) 
- Technical vehicle malfunction  (6 persons). 

In the agriculture in the Republic of Macedonia the average age of 
tractors is over 26 years, and they are often technically incorrect, no 
cab or protective frames, and all these is correlated with the 
disregard of legal regulations and the lack of information and 
training of tractor operators, which inevitably leading to more 
accidents and tragic consequences in agriculture. 
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1. Introduction

2. Perspectives of Serbia

In the Republic of Serbia the air is the most polluted element of the environment. During the last few years in our country the 
concentration of sulphur-dioxide was increased. 

During 2011. the Ministry of Environment, Mining and S     Planning allowed the subvention for purchasing hybrid cars in our 
country. As the final result all cars with emission of carbon dioxide less than 100 g per kilometer ran will have certain privileges i.e. there 
will be additional benefits for all those who drive “green“ cars. However, they are not exempted from customs duties, as it was announced. 
Investment of “ Fiat“ is the biggest investment in the sector of auto industry in Serbia. Before arrival    the gigant from Torino in 
Kragujevac the investments of producers of  parts have already started.     

By the new environmental regulations of the European U      all types of trucks and buses produced in 2013, will emit considerably less 
harmful exhaust gases. By these provisions so-called Euro 6 the reduction of 80% for nitrogen-oxide emission and 66% for particules is 
predicted. It is interesting that in France Ministry o    ology presented the number of measures directed on struggle against air pollution in 
large cities, among which is also the prohibition of entrance in the center of cities vehicles that are the biggest polluters. The question is how 
to provide for only “green“ vehicles to enter in the center of cities? It is very important that the   mber of “green“ vehicles constantly 
increases.

In March 2013 on the 83-rd Geneve International Auto Show the public found out that still only every tenth car's model exibited can be 
lauded for its “green“ qualities. It is neccessary to stress in media a   inform wider public on the importance of environmental aspects of 
traffic taking into consideration the well known fact     much cars reduce air quality by emission of harmful gases. 

.

.

POLLUTION, ENVIRONMENT, SAFETY, HYBRID CAR, REGULATION, SERBIA

Chaotic development of cities and industry was not fo llowed by 
the corresponding measures of protection against pollu ion. 

While every day in the world three to four plants disappear, 
experts claim that in our country the first to bear the brunt of 
climate changes will be conifer species with shallow root, like for 
example, spruce. Therefore.....traffic, as the main air polluter 
throughout the world should be controlled. Transport emissions rose 
by 24% between 1990 and 2008, amounting to 19.5% of total EU 
greenhouse gas emissions, according to the Commission's estimates. 
As a result, the transport sector will have to reduce      missions by 
at least 45-60% below 1990 levels if the EU is to keep up with its 
climate change objectives for 2050.

In the past, environmental measures have cleared up much of 
the vis ible pollution in urban areas, but smog, soot and haze persist 
in many cities. Today we use market-based strategies to promote 
new, less-polluting technologies.

Between 1972 and 1977 several stud ies confirmed the 
hypothesis that air pollutants could travel several thousands of 
kilometers before deposition and damage occurred. The 1979 
Geneva Convention on Long-range Trans-boundary Air Pollution,
entered into force in 1983, has created the essential framework for 
controlling and reducing the damage to human health and the 
environment caused by trans-boundary air pollution.

In the Republic of Serb ia the air is the most polluted element of 
the environment. During traffic jams the concentration of harmful 
substances is increased for 20%. Nitrogen dioxide is regulary 
growing, as well as polyc iclic aromatic carbon hydrogens, whose 
level is rais ing during winter.

During the last few years in our country the concentrat    of 
sulphur-dioxide was increased It is well known that in Serb ia 
inhabitants in the city of Bor have the worst air qual ty because of 
sulfur dioxide presence. 

On the list of the biggest polluters in Europe, Serbia is on the 5-
th place with around 6,2 tons of carbon dioxide per capita, and one 
of the largest emitters of harmful gases is just transport sector. 

By the new environmental regulations of the European U ion, 
all types of trucks and buses produced in 2013, will emit 
considerably less harmful exhaust gases. By these provis ions so-
called Euro 6 the reduction of 80% for nitrogen-oxide emission and 

66% for particules is predicted New EU provisions are in 
accordance with limitations of harmful gases emissions that are 
already in force in USA.

During 2011. the Ministry of Environment, Mining and Space 
Planning allowed the subvention for purchasing hybrid      in our 
country. As the final result all cars with emission of carbon dioxide 
less than 100 g per kilometer ran will have certain privileges i.e.  
there will be additional benefits for all those who drive “green“ cars. 
Owners of the ecologically “suitab le“ cars get ECO Friendly licence 
in the form of certificate on the occasion of vechicle purchasing. In 
Serbia all owners of cars with CO2 emission less than   0 g per 
kilometer ran will enjoy certain privileges, like more favorab le 
insurance package, provis ion of free parking, more favorab le 
conditions of financ ing. However, they are not exempted from 
customs duties, as it was announced. Investment of “ F      is the 
biggest investment in the sector of auto industry in Serbia. Before 
arrival of the gigant from Torino in Kragujevac the investments of 
producers of  parts have already started.     

Our capital for 51-st Auto Show1 and 7-th exhib ition of 
motorcycles “Motopassion“ with the most modern offer (from 22-
nd to 31-st March 2013) for the first time presented 37 car bra     
and the host of the Show in Belgrade was „Fiat 500L“ from 
Kragujevac, so called „šumadinac“, whose tracking version has 
already been presented on the Show in Geneve. Remainin  models 
from „Fiat“ (model 500, “punto“ “bravo“,“panda“, “freemont“) 
were also presented, as well as the third generation of “Skoda 
octavia“ for the first time presented at the Show in Belgrade. It is 
well known that „Renault“ is one of the favorite brands among our 
drivers, and on the Show this year was presented with           
mini SUV, “Clio grandtour“ and “Xenic  X mod“.

In our country, it is clear that nautica - sailing is the chance for 
tourism development too, and especially after constructions of small 
marines and p iers for charter ships. Today, in the season on the 
passenger dock in Karad jordjeva str. in the capital Belgrade, up to 
300 yachts, passenger ships and smaller ships for excursions put 
ashore. Economic cris is is the reason why during 2008. there where 
120, and now not even 15 new ships. However, there is a fleet of 
charter ships for renting mainly for weekend sailing.

Although noise can significantly pollute environment, American 
Governmental Agency for Road Traffic Safety requested   at 
electrical and hybrid vehic les make more no ise when go   g with 
smaller gears so that pedestrians might hear them comi          nd 
trucks on electrical drive are considerab ly more quiet from vehicles 

                                                  
1 On the Belgrade Car Show 28 manufacturers presented their models. From the world 

premiere in Geneve on the Serbian market “series 3“ , i. e. “BMW series 3 GT“ were
presented. It is interesting that for each BMW car bought buyers got 4 benefits: a 
four-year guarantee, as well as four years of free regular              some more 
favourable conditions of financ ing and poss ibility of buying up vechicle old for new.
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using oil products i. e. having internal combustion engine. National 
Administration for Road Traffic Safety reported that conventional 
vehic les are not noisy enough when going slower, so there is a risk 
for pedestrians, bicyclists and persons having problems with sight. 
It was offered 60 days to the public to give comments on the 
proposed rules, and Agency will use them during formation of final 
solution.

We should mention here the Directive on the assessment and
management of environmental no ise, in effect from July 2002, 
applies to environmental noise in built-up areas and public parks, 
and near schools, hospitals and other noise-sensitive build ings and 
areas. It does not apply to noise from domestic activities, from 
neighbors, at work, inside means of transport or from military 
activities in military areas. 

Our plan in Serbia is achieving the long term objective of not 
exceeding critical ceilings and of protecting human health from the 
risks associated with atmospheric pollution.

For the long time Europe was heart of the modern world, and 
according to some indicators it is also today.

For a moment in the European Union Euro 5 standards in 
connection with limitation of harmful gases emissions are in effect. 
Restrictions mainly refer to nitrogene-oxides and harmful partic les. 
Although regulation in connection with harmful gases emission, as 
far as passenger cars in EU are concerned, exists back from 70-ies 
of the last century. From then it was constantly tightened from Euro 
1 norms from 1992, to Euro 6 rules that will go into effect in 2014.

It is interesting that in France Ministry of ecology2 presented 
the number of measures d irected on struggle against ai     lution in 
large cities, among which is also the prohib ition of entrance in the 
center of cities vehic les that are the biggest polluters. The question 
is how to provide for only “green“ vehicles to enter in the center of 
cities? 

According to data of the International Organization of Motor 
Vehic le Manufacturers (OICA) by indicators from year 2012 3 the 
biggest manufacturer in European region is Germany, afterwards on 
the second place Russia as producer of 11% of cars, then follows 
France. For “Folkswagen group” Russia is the most important 
developing market in Europe. Now, with new engines factory in 
Kaluga, “Folkswagen” will remain promoter of the Russian auto 
industry and economy in the future.

Simultaneously the famous jeep producers (“Land Rover“) on 
the Car Show in New York presented and promoted model “Range 
Rover Sport“ 4 made of aluminium.

It is interesting that “Volvo“ car corporation increases 
production capacities for new “Volvo B60 p lag-in hybrid“
beginning series of 1000 copies for this year 2013, to even 4000-
6000 for year 2014. This car owns sophisticated plag-in hybrid
technology that inc ludes two power options and strong      ry 
which enables the authonomy of movement for 50 kilometers, 
exclusively us ing current.

And while there is intention and belief that group “Peugeot-
Citroen“ will launch on the market till 2016 first hybrid vehic le 
using air for propulsion (adapted transmission will have cylinders of 
compressed air that preserve and release energy), in Switzerland 6

exactly do not accept vehicles with hybrid and electrical drive.

                                                  
2 According to the ir data 8 million old vechic les participate today with around 30% in 

emiting of polluting partic les, „Auto world“, „Politika“, 25. February 2013.
3 Data show that on the territory of Europe more than 17 million of passenger cars were 

produced.
4 This mode l is for 420 kilograms lighter from previous  odels of this car, so 

nderstandably the consumption is smaller for 20%. It is expected that this model is  
available in 2 variants: one with gas and other with diesel engine. Another new 
variant of “rover“ w ith diesel engine and hybrid propulsion (diesel/electric ity) is also 
expected.

5 This version of car has 300 parts more comparing to the standard model.
6 There are only around 30.000 of such vechic les, however the sale of hybrid vechicles 

during the year 2012. grew for 27% and of electric vechicles even for 68%. In this 
country the number of cars comparing to year 1980. doubled till September 2012.

Last year “Tojota“ 7 sold over 1,2 million hybrid vehic les thanks 
to the success of its brand “Prius“ in the world, as well as the new 
brand Aqua“ in Japan.

It is known that in 2003. newly estab lished company “Tesla 
motors“ in Freemont in California jo ined also to the great American 
automobile companies “General motors“, “Ford“ and “Craisler“
from Detroit. The name was not taken accidentaly, because 
the main electric engine on these cars was made on the princip les of 
Nikola Tesla’s invention from 1882. Deliveries of model “Tesla S“ 
for American market began in the summer of 2012. with expected 
5000 orders. During Exib ition of consumers’ electronics in Las 
Vegas in 2012. the special attention provoked the instrument board 
of this elegant electric car, with dominant touch sensitive screen on 
the right s ide of the steering wheel by which all car  unctions are 
operated. We still do not know if model “Tesla S“ succeeded in 
commercial sense, but it is interesting that this auto business started 
in the cradle of inventions that at the end of last and at beginning of 
this century have changed the civilization.

The newest reports on testing “Tesla “, i.e. polemic on 
advantages and faults of this electric car from the factory named by 
“the most underestimated inventor in American history“, show that 
injustice toward Nikola Tesla to a certain degree is corrected 
naming by him first electric car of the modern era. Along the 
strategic road corridors “Tesla motors“ has started to open special 
charging stations where electricity is free. Till now this car model 
was reserved by 13 000 buyers and in December 2012. factory 
achieved production tempo of planned 400 cars weekly. This 
company also got credit from American Government in amount of 
465 million dollars.  

From Croatia came information that for the first time   er the 
car is exported and that is electric car from the company “Rimac 
automobiles”. First world electric supercar was bought by one 
Spanish auto company

Perfection is in simplic ity. However, on this year’s Auto Show 
in Detro it 2013, vechicles on electricity, hybrids and small cars 
remained completely in the shade.                                     

In Geneve on the 83 rd International Auto Show10 the most 
economical car11, “the economical wonder“ from Germany, the 
remarkable aerodinamic hybrid model XL1 was presented. This car 
following the princip les of sports car design with two seats can 
cover a distance up to 50 kilometers in electrical drive regime and 
with zero emiss ion of exhaust gases. It is interesting that in Geneve 
there were no signs on crisis in the world auto industry. In the city 
on Leman lake during March 2013. the strength and beauty were 
shown, without talking on recession, problems and decrease of sale 
and expensive fuel.

During two weeks in September 2012. (from 8-th till 24-th) 15
cars and tracks were driving rally throughout the Europe.

The rally of “Blue Corridor” was filled exclusively by natural 
gas, so in that way the availability of natural gas on trans it ways 
between East and West was emphasized. The number of pumps 
with natural gas increased in the last 7 years and so around 4000 of 

                                                  
7 Hybrid vehicles represented 14% of total sale in 2012     from 1997. when f irst 

hybrid car “Prius“, that much less pollutes environment  was placed in market, they 
were sold in 80 countr ies in the world.

8 This company was established to promote exclusively cars on electric propuls ion 
invented by our scientist whose name it bears. First car was “Tesla roadster“ that 
made commercially debut in 2008. as sportsmanlike sedan with caracteristics  no one 
of competitors had (body was borrowed from British “lotus“) , but its production was 
anyway suspended in autumn 2011. Experience gained with production of this model 
was used for model “Tesla S“ installed in engine room in Freemont (used before by 
“General motors“ and „Toyota“) and there are 3 models differentated by capacity of  
batteries (40, 60 and 85 kilowat-hours). The weakest of these models w ith one 
charging covered distance of 260 kilometers, with average speed of 90 kilometers 
per hour. This is one futuristic product in which everything is chosen or  adjusted by 
touch screen: mus ic, navigation, r ide indicators, air    ditioning, even permanent 
internet connection. The question is do these interventions turn away attention from 
the road? Manufacturers answer that divers get used to them fast.

9 This sale to Spaniards will provide for resources for   months of work for innovator 
and owner of the company “Rimac automobiles” from Samobor. 

10 Distant 1905. the first exibition of cars was held which developed into Show, that is 
today real spectacle of strength and elegance of more      700 mode ls exibited.
(“Auto world“, 11-th of March 2013, “Politika“, Belgrade).

11 Car is 115 centimeters high, 3,8 meters long and 1,6 meters wide, with consumption 
of 0,91 liters per 100 kilometers.

3. World trends  
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them in Europe (only 900 pumps in Germany) point out an 
significant growth of this network of pumps. In that way it was 
made possible that more than 1,5 million vehic les in Europe use 
gas. 12 In Russia the pumps with gas as the fuel are also rapid ly 
built.13

Pollution of living environment is seen in different shapes. 
Undesirable consequences of human activities d isrupt natural living 
frame, and air is most frequently under an impact of p   uters. 

Emissions will be the main factor to consider in desig ing the 
transport system of the future. One solution would be to use market-
based instruments in particular fuel taxes, kilometer charges and 
cap-and-trade systems to make transport users pay for emissions, air 
pollution or noise.

It is neccessary to stress in media and inform wider public on 
the importance of environmental aspects of traffic tak ng into 
consideration the well known fact how much cars reduce air quality 
by emission of harmful gases. 

Increase of vehic les us ing natural gas happened because of 
economic benefit for consumers, but they were certainl  urged also 
by ecological interests. Euro 6 Standard will be applied from year 
2015 and in that way nitrogen-oxide emission will be limited and in 
such a way the quality of air we breathe improved. 

It is very important that the number of “green“ vehic les 
constantly increases. In March 2013 on the 83-rd Geneve 
International Auto Show the public found out that still only every 
tenth car's model exib ited can be lauded for its “green“ qualities.

1. Autosvet, „Politika“, Beograd, januar, februar i april 
2013.

2. Davidovic R, Regionalna geografija Evrope, trece 
izdanje, Novi Sad, 2004.  (

3. „Kombeg“ info, izdaje ovlašcena agenc ija Privredne 
komore Beograda za odnose sa javnošcu, mart 2012.

.)

                                                  
12 During 2012. the price of gas on pumps was for (one) third lower than of gasoline ,

and the technology of f illing vehic les with gas is widely available for new cars, 
buses and tracks. It is predicted that till year 2020. there will be 20 million vehic les 
using natural gas.

13 “For gas in transport by rally”, from expose of A. Medvedev, general director of 
“Gasprom export”, “Auto world”, Belgrade, 5-th November 2012.

4. Conclusion

5. Literature:

(“Auto world”, “Politika”, Belgrade, 
January, February and April 2013.)

Davidovic R, Regional 
Geography of Europe, third edition, Novi Sad, 
2004.)

(„Kombeg“ info, issued by authorized Agency of
Economic Chamber of Belgrade, for public 
relations, March 2012
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ПРИЛОЖЕНИЕ НА АУТСОРСИНГА В СФЕРАТА НА ТРАНСПОРТНАТА 
ЛОГИСТИКАТА 

APPLICATION OF OUTSOURCING IN THE TRANSPORT LOGISTICS FIELD 

 

ПРИМЕНЕНИЕ АУТСОРСИНГА В ОБЛАСТИ ТРАНСПОРТНОЙ ЛОГИСТИКИ 
Assoс. Prof. Eng. Dragneva N. PhD,  
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Abstract: Three main objectives are realized through the logistics: minimizing the time for transportation, minimizing the delivery costs 
and increasing the level of servicing the clients, and the logistics outsourcing helps their easier, high quality and quicker implementation. 
Through it the offered products and services are at competitive prices, at the exact place and time. 

Keywords: OUTSOURCING, TRANSPORT LOGISTICS  АУТСОРСИНГ, ТРАНСПОРТНА ЛОГИСТИКА 

 

1. Увод 
Във века на компютърните технологии и глобализация, 

промените настъпват пред изключително бързо. Освен това 
често бизнесът е движещата сила и катализатор за въвеждането 
на нови тенденции. Един такъв процес е аутсорсинга. В пряк 
превод от английски думата "Аутсорсинг" означава "външен 
източник" или "използване на трети лица като външен 
изпълнител”. 

Аутсорсингът все по-често намира приложение в сферата 
на логистиката. Това е така, защото той помага за редуцирането 
на риска, разходите и времето за осъществяване на 
логистичните дейности. Целта за прилагането на логистичния 
аутсорсинг е минимизиране на разходите и оптимизиране на 
процесите. Едно от основните предимства на този вид 
логистика е това, че осигурява висока норма на печалба. 

Логистичният аутсорсинг подпомага за адаптирането на 
компанията към постоянно, променящата се външна среда. 
Чрез него се осъществява успешен растеж и по-лесно 
разширяване на пазарния дял на компанията, като се 
съобразява с рисковете и заплахите на динамично-развиващата 
се обкръжаваща среда. 

Логистиката е функция, която повишава нивото на 
обслужване на клиентите. Чрез логистичния аутсорсинг, 
предприятията могат да предлагат своите стоки и услуги на 
конкурентна цена, на точното място и време. 

Необходимостта от логистичен аутсорсинг се проявява 
тогава, когато една логистична компания трябва да обслужи 
хиляди клиенти, в различни точки по света. Тези доставки, 
трябва да се извършват по строги критерии: качество на 
продукта и вида, в който той е достигнал до крайната точка на 
логистичния канал, срок на доставката и т.н. Тъй като някои 
фирми не могат да поддържат собствени структури за превоз 
във всички краища на света, те са принудени да се обърнат към 
услугите на логистичния аутсорсинг. 

За да бъдат избегнати закъснели доставки или проблем в 
разпределението на стоките, компаниите поддържат система за 
контрол и следене на доставчиците. Тъй като големите 
компании не използват само една компания за аутсорсване на 
услугите, се изисква още по-стриктно да се контролират 
доставчиците и да се координират техните действия. Чрез това 
разпределение на дейностите към различните компании, 
логистичните фирми използват техните най-силни страни, чрез 
които подобряват качеството на доставките. 

Организацията и управлението се извършва от юридически 
лица, които действат от името на компанията, за която работят 
като едновременно с това защитават нейните интереси. 

При логистиката, изборът за най-добрия аутсорсинг 
партньор не се свежда до това, той да предлага своите услуги 
на най-ниски цени, а да отговаря най-точно на изискванията на 

компанията относно стоките, които ще са обект на дейност. 
Изискванията на логистичната компания се определят от 
целевия план, който тя е изготвила. Аутсорсинговият партньор 
трябва да разполага с необходимия капацитет за задоволяване 
на изискванията на компанията и да бъде отворен към бъдещ 
растеж на пазарния дял на компанията. 

Чрез логистиката се осъществяват три основни цели: 
минимизира се времето за преодоляване на пространството, 
минимизират се разходите по доставката и се повишава 
нивото на обслужване на клиентите. А логистичният 
аутсорсинг подпомага за тяхното по-лесно, по-качествено и 
по-бързо осъществяване[1]. 

 
2. Предпоставки и начини за 

разрешаване на проблема 
 Статията показва стъпките които някои от 

транспортните  дейности могат да бъдат  възложени на външни 
изпълнители, като по този начин се постига добър ефект в 
постигането на целите [2]. 

Предпоставки за аутсорсинг са следните: 
1. Необходимост от управление на персонала в областта на 

логистиката чрез проверка за разхода на гориво, резервни 
части, подновяване на автомобилния парк; 

2. Липсата на достатъчно транспортни ресурси, увеличава 
риска от провал на производствената програма. 

3. Консултантски услуги, за да се разберат тънкостите на 
постоянни, променливи, преки и непреки, както и на 
скритите разходи за транспорт.  

4. Полезни консултантски разработки в областта на 
логистиката. Изисква постоянни усилия от страна на 
ръководството за внедряване и поддръжка на 
разработените решения. 

За да се получи нужният ефект очакванията от "аутсорсинг" 
услугите трябва да водят до:  
 Намаляване на разходите т.е.намаляване на 

транспортно-логистичния компонент в себестойността, 
а така също и увеличение на скоростта за обслужване на 
клиентите. Тази оптимизация на разходите не трябва да 
носи  повишен риск от прекъсване на транспорта, което 
е безполезно за клиентите. 

 Мениджърите и клиентите трябва напълно да са 
отдадени на производството и продажбите, което води 
до повишаване на обема на поръчките;  

 Осигуряване на възможност за планиране на 
транспортния бюджет за следващата година. 

 Подобряване на процесите на обслужването на 
клиентите, подновяване на активи, постигнати от 
произтичащите от това икономически ползи, без 
допълнителни инвестиции; 
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Етапи на аутсорсинга 
Аутсорсингът върху продукция на транспорта не е прост процес. 
Нужен е такъв механизъм, че  да се създадат условия, в които той 
не е на линия, но работи по-ефективно в полза на първичното 
производство. Или може би първо да се създадат условия, и след 
това се аутсорсва или "откъсне "тази част от процеса? 

Стъпка 1. 
Консултанти за извършване на технически, организационен и 
икономическа одит на транспортната фирма. Това ще даде 
възможност да се оцени текущото състояние и да се определи 
реалната структура на разходите за транспорт. 
Определят се областите на повишаване на ефективността чрез 
подробна информация за разработване на балансиран план за 
отдаването  на транспорт за аутсорсинг. 
Фигура 1. показва стъпките и части за анализ по този т.н. 
логистичен  одит. Необходимата  информация за изготвянето му е: 

 
 

 
 

Фиг.1 Етапи и функционални области на логистичния одит 
 

Стъпка 2. 
В преговорите за аутсорсване се търси оптимален модел:  
1. Собственик на транспортните активи е фирма за 

аутсорсинг или отдаване под наем; 
2. Създаване на 100% дъщерна фирма или 100% дъщерна  

фирма на екипа за аутсорсинг. 
3. Механизми на възнаграждения на ръководния екип.  

Стъпка 3. 
1. Споразумението е подписано в условия за създаването на 

аутсорсинг компания 
Стъпка 4. 

2. Процедурата започва с лансирането на аутсорсинг 
компанията. Този етап е най-важен от гледна точка на 
успеха. Тук се включва решаването на всички правни, 
организационни въпроси, свързани с началото на услугите. 

3.  Условия, необходими за започване:- 
 да бъде създадена в срок и разполага с всички 

необходими документи за предоставяне на 
услуги; 

 Осигуряване на договорни отношения с 
дружеството-майка; 

 Всички необходими активи да бъдат прехвърлени 
на посочените условия; 

 да бъдат установени договорни отношения с 
изпълнители и доставчици на стоки и услуги; 

 Потребителите трябва да бъдат снабдени с 
необходимото оборудване и работни места; 

 Трябва да се разработят политики и процедури; 
 Да се приложат необходимите информационни 

системи; 
 Персоналът трябва да бъде обучен и психически 

подготвен за новите условия на труд. 
 

3. Резултати и дискусия 
 След всички необходими действия, извършени в  
изпитвателен срок за процедури и системи за тестване, 
сертифициране на ключовия персонал, аутсорсинг 
компанията  може да започне търговска експлоатация.  
Намаляването на цената на машинно часовете се постига 
чрез организиране на ефективно планиране, отчитане и 
контрол на разхода на гориво, резервни части и т.н. Най-
важното е, че трябва да се реализира от  аутсорсинг 
компаниите  намален брой на машинните часове за една и 
съща транспортна работа. Фигура 2 схематично показва 
параметрите, които влияят върху стойността на машинно 
часовете и за намаляване на техният брой. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Фиг.2 Показатели за ефективност на транспорта 
 
Намаляването на броя машино часове, а понякога и 
увеличаване на обема на трафика, показва гъвкава и добре 
организирана функционираща система на експедиция. 

Страничен ефект 
 При аутсорсинг на превозните средства не трябва да 
се забравя, че транспорта е важната връзка от веригата за 
доставки, кръвоносната артерия с всички произтичащи от 
това последици. Ако проектът не се осъществи, в най-
добрия случай води до увеличаване на разходите, а в най-
лошия - да наруши производствените графици и клиенти 
недоволство. 
На Фигура 3. се вижда мястото на транспорта в 
„маргаритката” т.е. в логистичната верига на доставките. 
 Преди сключването на договор за аутсорсинг, трябва 
да се разбере дали има нужда от него и какви резултати ще 
се очакват от процеса. Това ще помогне на логистичния 
одит. Транспортът в режим на аутсорсинга е неразделна 
част от концепцията за развитие на логистиката. 

Товаропоток 

Икономика 

Безопасност 

Договорни 
отношения 

Складове и 
офиси 

Техника и 
оборудване 

Технологии 

Организаци
я и кадри 

ТРАНСПО
РТНА 

СИСТЕМА 

Организация, товаропоток, техника и технология; 
Текущи стойности на показателите за ефективност; 

Определяне границата за нарастване на ефективността 
План на приоритетните мероприятия 

Информационна 
система 

Намаляване на стойността на 
машинно час (експлоатация 
на транспорта) 

 Коефициент на техническа 
готовност; 

 Коефициент отчитащ 
междуремонтния пробег и 
др.; 

 
 

 

 

 

 

 

 

 

Намаляване на броя на 
машинно час 
(транспортна логистика) 

 Коефициент за използване 
на пробега; 

 Коефициент за използване 
на товароносимостта и 
др; 

 
  

 

 

 

 

 

 

 

 

Комплексни показатели 

Комплексно оценяване на ефективността на 
транспортната система 

 
Контрол 

Ефективна транспортна система 

 

Управление 
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Фиг.3 Ефективен транспорт в центъра на „маргаритката” 

Когато той е възложен на външни изпълнители трябва да бъде 
организиран като проект, с всички съпътстващи атрибути 
(управление, цели, план, срокове, отговорни, ресурси и 
бюджет). 
В споразумението трябва да се определят не само тарифи, но 
също така и нивото на обслужване, със съответно 
отговорността на страните, условията за влизане в бизнеса 
заедно и изходните условия. 

4. Заключение 
 Аутсорсингът е сравнително млада индустрия и това е 
причината за нея да няма да скоро конкретен международен 
стандарт. Досега, държавите с традиции в аутсорсинга, се 
уповаваха единствено на добрите си практики в индустрията. 
Името на новия стандарт е ISO: Guide to Outsourcing. 
 „Този международен стандарт представлява ръководство за 
аутсорсинг, обхващайки целия жизнен цикъл и дава описание 
на дефинициите, концепциите и процесите, определени като 
добри практики.Този международен стандарт представлява 
ръководство за всички ангажирани с аутсорсинга страни, 
имащо за цел да улесни установяването на взаимноизгодни 
бизнес отношения между тях. Този международен стандарт е 
информативен стандарт и дава насоки и указания. Този 
международен стандарт не е предназначен за сертификационни 
цели.”[3] 
Предвидено е стандартът да съдържа насоки и добри практики 
в сферата на аутсорсинг услугите, като той ще бъде приложим 
и полезен както за доставчиците на услуги, така и за всички 
техни партньори. 
Стандартът не само ще внесе яснота и ще уеднакви 
разбирането на страните по отношение на терминологията, но 
и ще съдържа описание на конкретните концепции, стоящи зад 
термините. 
 Стандартът има за цел да изясни и опише 
дефинициите, свързани с ролите на страните в процесите на 
аутсорсинга, като ясно очертае разликите между „клиент”, 
„доставчик”, „изпълнител”, „подизпълнител”, „възложител” и 
„аутсорсинг компания”. Стандартът ще описва „деликатни” 
елементи като „роли”, „отговорности” и „очаквания” и по този 
начин ще допринесе за създаване на единна основа за 
сравнение между различните доставчици на аутсорсинг услуги. 
Професионалният аутсорсинг трябва да докаже, че:  

1. Познава методиката за логистичен одит;  
2. Определя система от ключови показатели за изпълнение 
на транспортната логистична система;  
3. Използване на съвременни информационни решения за 
планиране, отчитане и контрол на транспорта;  
4. Прилага стандарти на организацията на ефективното 
функциониране на транспорта и транспортното 
сътрудничество с производствени единици. 
5. Познаване на работата на (доставка, съхранение, 
производство, информационни технологии), за постигне на  
по-добри резултати чрез подходящи транспорт и логистика. 
  

От България се обслужват клиенти в Западна Европа, Северна 
Америка и Азия, като повечето от тях са в класациите за най-
богатите в света компании. 
Компаниите, занимаващи се с аутсорсинг на бизнес процеси, 
предлагат услуги на повече от 25 различни езика. 
Преди едва 10 години България се появи на световната 
географска карта по отношение на аутсорсинга, но вече успя да 
привлече водещи международни компании в повечето сегменти 
на сектора. 
Повечето от компаниите в сектора прогнозират, че пазарът на 
аутсорсинг в България ще нарасне със 100% в следващите 3 
години 
Най-голямо търсене се очаква да има към кол-център 
операциите, обслужване на клиенти, следвани от пазарните 
проучвания. 

 
Референции: 
1. http://www.логистик.com 
2. http://www.adandzo.com 
3. http://www.partnercompany.eu 
4. http://www.investbg.government.bg 
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ХАРАКТЕРНИ ОСОБЕНОСТИ НА ВЗАИМОДЕЙСТВИЕТО МЕЖДУ ЧОВЕКА-

ОПЕРАТОР И ТЕХНИЧЕСКИТЕ СРЕДСТВА В ТРАНСПОРТА 
 

. FEATURES INTERACTION BETWEEN HUMAN OPERATOR AND TECHNICAL MEANS 
TRANSPORT 

 
гл. ас. маг. инж. Хаджиев Е., Висше Транспортно Училище „Т. Каблешков”, София, Република България, 

  
Abstract: The man-machine interaction system represents two components: the operator and the machine. The subject of study is the safety 
of the man-machine system for managing the movement of vehicles. There is no sense to seek solutions to remove the human operator from 
management because even in most modern systems some tasks could not be solved without a human operator or can be solved but with 
unacceptably high costs. It is necessary to release the man operator from the usual routine operations and responsible actions, so that he/she 
can focus on decisions, which are difficult or impossible for the machine to make. On this purpose the operator’s work place is optimized 
and the machine takes his/her responsibility for safety of the controlled process. 
Keywords: HUMAN-MACHINE SYSTEM, SAFETY, OPERATOR, CONTROL. 

 
 
1. Увод 
      Пропуските в дейността на оператора в железопътния 
транспорт не бива да се разглеждат сами за себе си, откъснати 
от процеса на оперативно управление на движението, 
характеризиращ се с висока динамика на изменение на 
определени параметри. В този смисъл те биха могли да се 
обобщят в следните три типа: грешки при оценки на 
ситуацията; грешки при изпълнение на определени операции и 
грешки на възприятието [1]. 
     Основен показател за надеждността в работата на субекта с 
оглед безопасността на движението е характерът и честотата на 
допуснатите грешки. С цел разкриване същността и изучаване 
последиците от погрешните действия, те могат да се 
класифицират в зависимост от характера си, като: закономерни 
и случайни; предвидими и непредвидими; отстраними или 
неотстраними; с възможност за корекция или без такава. 
     При локомотивните машинисти най-голям е делът на 
грешките, свързани с неточни и ненавременни действия при 
извършване на определени операции. Особено характерни са 
пропуските, свързани с управление на спирачната система, 
които обуславят реализирането на такива опасни ситуации 
като: 
- подминаване на затворен входен сигнал; 
- закриване на дистанция; 
- дерайлиране вследствие на превишена скорост; 
- грешки при анализирането [2]. 
      При изследване на  характерните особености на 
взаимодействието между човека-оператор и техническите 
средства в транспорта се анализират следните въпроси: 
- кога се допускат субективни грешки от операторите? 
- как възникват? 
- защо се получават? 
- как може да се подобри ситуацията? 
- има ли области, където не може да се подобри в този момент? 
* Несъзнателните грешки са - на вниманието, възприятието, 
поведението, реакциите, оценката на ситуацията като цяло и 
възможните промени в нея. 
 * Съзнателно допускани грешки са тези, свързани с качествата 
от личната сфера на психиката, когато операторът разбира, че 
действията му са опасни, но не се съобразява с това. 
    За осигуряване движението на влаковете са характерни 
състоянията:  
1. Работоспособно състояние. Системата функционира 
нормално в съответствие с приетия за изпълнение 
експлоатационен план. Липсват технически откази и грешки на 
операторите при осигуряване движението на влаковете и 
маневрената работа. Това състояние се характеризира с 

вероятност - P1; 
2. Системата работи с понижена безопасност поради частичен 
отказ – срязана стрелка, вследствие на което се променя плана 
за приемане и изпращане на влаковете. Вероятност на 
състоянието - P2; 
3. Поради технически отказ или субективен фактор е подминат 
затворен сигнал. Вероятност - P3; 
4. Понижена работоспособност на системата, вследствие на 
повреди в съоръженията на осигурителната техника. 
Вероятност на състоянието - P4; 
5. Приемане на влак на зает коловоз без последвал удар. Това 
състояние се получава само при повредена осигурителна 
техника. Дължи се на съзнателните действия на персонала. 
Вероятност - P5; 
6. Преминаване на влак през прелез с неспуснати ръчни 
бариерни греди. Вероятност на състоянието - P6; 
7. Удар на прелез, вследствие на съзнателно допуснати грешки 
от операторите в железопътния транспорт или на водачите на 
пътни превозни средства. Вероятност - P7; 
8. Състояние, породено от грешки на експлоатационните кадри 
– изпратен влак на заето междугарие или в погрешно 
направление. Вероятност - P8. 
 
 
2.Теоретична постановка на разглеждания 
проблем 
      Преходът на системата от едно състояние в друго се 
определя от потока на отказите и възстановяванията на един 
или друг елемент [3]. Всеки от тях се характеризира със средно 
време между отказите Тоi и интензивността λij, средно време за 
възстановяване Твi и интензивност на възстановяване µij, като: 

(1) 𝜆𝜆𝑖𝑖𝑖𝑖 =
1
𝑇𝑇𝑜𝑜𝑖𝑖

 и 𝜇𝜇𝑖𝑖𝑖𝑖 =
1
𝑇𝑇в𝑖𝑖

 

 
     Това позволява построяването на граф, описващ 
състоянието на системата, показан на фигура 1. 
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                           Фиг.1. Граф на състоянията 
    Характерът на прехода на дадена система от едно състояние 
в друго е марковски и всяко следващо поведение на системата 
зависи само от настоящото състояние и не зависи от миналото 
на процеса. Системата се характеризира с началните 
вероятностни състояния и с матрицата на вероятностите на 
прехода от състояние i в състояние j Pij(t1,t2) = Pij(Δt), която се 
съставя на базата на графите на състоянията [4]. 
     Предполага се, че Pij е определена за всяко t1 и t2 ≥ t1. За 
тези вероятности са характерни условията: Pij(Δt)                         

          
 
(2)               Σ Pij(Δt) = 1 за всяко i 
 
     Процесът на функциониране на системата е еднороден и 
ергодичен (след краен брой стъпки може да се премине от 
всяко състояние към кое да е друго), като за две кои и да са 
състояния i и j може да се намери такова t > 0, за да се намери 
вероятността Pi(t) > 0 (вероятност на състоянието), системата в 
даден момент да се намира в състояние i. Сумата от 
вероятностите за престой на системата във всички възможни 
състояния n и за всеки момент от време t е единица:  

(3)     

     За да се намерят вероятностите P1(t) , P2(t) ,…, Pn(t) е 
необходимо да се знаят интензивностите на прехода от едно 
състояние i в друго състояние j – λij. Под интензивност на 
прехода се разбира относителната вероятност: 

(4)
              

 

     За малък интервал от време: 
 
(5)                 Pij(Δt) = λij *Δt и Pji(Δt) = µji *Δt                                                        
 

     Вероятността Pij(Δt) системата да остане в i–то състояние се 
определя като вероятност за събитието, допълващо събитията 
от всички възможни преходи от това състояние към другите j ≠ 
i:  
 
(6)                            Pij(Δt) = 1- Σλij *Δt 
   Тогава получаваме: 

 
       При положение, че е построен графът на състоянията и са 
известни интензивностите на прехода от състояние в 
състояние, вероятностите Pi(t) могат да се определят, като се 
направи математически модел с помощта на линейните 
уравнения на Колмогоров: 
 

 

 
     Системата уравнения може да се запише по следния начин: 

(7)                        

където:    

      е векторът на вероятностните състояния на 
системата за момент от време t; 

      e матрицата на преходните интензивности: 

     

     За елементите и е характерно: 
- елемент λij е равен на интензивността на прехода от 
състояние i в състояние j, като неговият симетричен елемент 
спрямо диагонала на матрицата λji характеризира прехода от j-
то състояние към i-то такова; 
- елемент λii е отрицателната сума от интензивностите на 
прехода от състояние i към всички останали състояния. Тези 
елементи изграждат диагонала на матрицата, а именно 

. 

    За да се реши системата уравнения трябва да са известни 
началните условия, като Pi(0), където i = 1, 2, 3,…, n състояния 
на системата в началния момент от време t = 0. Решавайки 
системата уравнения при началните условия Pi(0) се определят 
вероятностите на състоянията Pi(t), в който и да е момент от 
време t. 
Тогава: 
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(8)   ), 

където i = 1, 2, 3,…, n 

    Решавайки системата линейни уравнения по отношение на Pi 

за i = 1...8 и при условие, че: получаваме 

стойностите за вероятностите на системата. 

С получените данни заместваме във формулите за 
вероятностите и получаваме реалните стойности за тях. 
P1 = 0,9920267;     P2 = 0,0009133;      P3 = 0,0001842; 
P4 = 0,00557063;      P5 = 0,0000086;       P6 = 0,0003139; 
P7 = 0,0002856;        P8 = 0,0005479. 

3. ЗАКЛЮЧЕНИЕ
За увеличаване надеждността при управление и експлоатация на 

транспортните средства е необходимо подобряване на 
оборудването и вътрешния интериор, ергономичност на пулта за 
управление, естетически дизайн на кабината и обезпечаване на 
оптимално полезрение на оператора. Повишаването на 
надеждността при взаимодействието на човекът-оператор с 
техническите средства за управление има значение не само заради 
голямата натовареност и отговорност, но и заради високите 
изисквания за качество в неговата работа. Надеждността в работата 
на човека се определя както от неговите специфични 
индивидуални психически качества, така и от целостта и 
надеждността на останалите елементи на системата – 
състояние на техническите средства и експлоатационна 
обстановка. Вероятността е, че тази работа или поставена 
задача ще бъде изпълнена успешно в течение на определено 
време и при определени условия. Тя съдържа три основни 
свойства: безотказност; бързо възстановяване на силите; 
устойчивост и издръжливост.  
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ПРОБЛЕМЪТ ЗА ОЦЕНЯВАНЕТО ВЪВ ВИСШЕТО ОБРАЗОВАНИЕ 
 

THE PROBLEM OF EVALUATION IN HIGHER EDUCATION 
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Abstract: The article reveals theoretical approaches to the problem of evaluation. Reviewing its functions, nature, types and shapes. Citing 
timeliness of test evaluation. It reveals three objective-oriented test system for assessing student digital arrangement. 
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1. Въведение 
В педагогическата и дидактическата литература проблемът 

за контрола и оценяването на постиженията на обучаваните във 
висшите училища се разглежда като един от най-актуалните и 
изключително сложни въпроси, имащ както теоретично, така и 
практическо значение. Системите за оценяване всъщност, в 
една или друга степен, са отражение на изискванията на 
обществото, оказващи влияние не само върху дейността на 
обучаваните, но и върху работата на обучаващите, 
образователните институции и върху целия живот. [23, с.345] 

Оценяването на знанията, уменията и компетентностите на 
студентите днес е важно условие за реализиране на промените 
във висшето образование като процес на преподаване – учене; 
като личностно-ориентиран процес, създаващ 
конкурентноспособни специалисти. Противоречието между 
необходимостта от построяването на съвременен образователен 
процес и отсъствието много често на адекватна система за 
оценяване поставя остро въпроса за неговата прозрачност, за 
създаване на условия за мотивираност, самоусъвършенстване и 
самоактивизация на обучаваните. Това определя  и 
насочеността на съвременната педагогика и дидактика към 
търсенето не само на нови системи за оценяване, но и такива, 
които дават непрекъсната възможност на обучавания да се 
ориентира в своите постижения, да формира в себе си 
способност за самооценяване. Все по-голямо внимание се 
обръща на обективността на системите за проверка и оценка с 
помощта на педагогическата диагностика, на различните 
видове тестове и други системи за измерване на резултатите от 
образователния процес. 

Контролът и оценката в образованието са обект на 
вниманието на много изследователи и никой от тях не поставя 
под съмнение важността на този проблем. При съвременните 
условия на личностно-ориентирания подход в образованието, 
на необходимостта от цялостното формиране на личността и 
специалиста, оценката на усвоените знания, умения и 
компетентности придобива съществено значение.  

2. Теоретични основи на проблема за 
оценяването 

Важността и значението на оценката според М. Андреев 
[6, с. 11-17] е необходимо да се разглежда в триединство – за 
обучавания, за преподавателя, за обществото: 
1. Значение на оценката за обучаваните – отразява 
постиженията им, техните знания, умения, компетентности; 
формира самосъзнанието и критериите им за самооценка; дава 
възможност за съпоставяне на социалната и психичната 
значимост на личните им постижения с тези на другите. [17] 
2. За преподавателите – помага да се разбере качеството на 
преподавателската дейност; има значение за системата от цели 
на обучението, за релевантността и реализма им; регулира 
методите и средствата за обучение; определя равнището на 
трудност и сложност; диагностицира равнището на 
постижения, идентифицира потенциалните възможности на 
обучаемите. 

3. За обществото – спомага да се разберат особеностите на 
духовното възпроизводство, особеностите на младите 
генерации; „акредитира“ личността в системата на 
обществените отношения, удостоверява мястото на личността в 
обществото. [17] 

Според Л. Милков [18, с. 253] контролът и оценяването 
като основни структурообразуващи елементи на 
образователния процес са актуален и важен проблем за 
обучавани и преподаватели и поради факта, че:  

 без контрол, проверка и оценка на знанията не може 
да има обратна информация в процеса на обучение, а 
от там – не може да има резултатно и ефективно 
управление на образователната  дейност на 
студентите и преподавателите.  

 преподавателят осъществява възлови етапи в процеса 
на управление на обучението: 

• установява началното състояние на управляваната 
система „студент“ по предварително изготвени и 
утвърдени параметри; 

• получава информация по определената система за 
състоянието на подсистемата обучаван във всеки 
момент на процеса на обучение; 

• констатира реализацията на целта на обучението. 
За общественото значение на оценяването говори и Д. 

Василев, според когото резултатите от проверяването и 
оценяването на знанията, уменията и компетентностите на 
обучаваните имат и социален ефект, тъй като са „в основата на 
социалната и професионалната селекция и реализация на 
кадрите“ [19, 125] 

Оценката може да изпълнява следните функции [6, с. 
247-248]: 

• диагностична – показва колко успешна е работата в 
отделните курсове, дисциплини, а оттам – и контрол на 
качеството на обучението; 

• информативна – от оценките потребителите на кадри 
се получава информация за степента на усвояване на знанията, 
уменията и компетентностите, които са заявени в целите на 
курсовете, програмите и на целия университет; 

• дидактическа (обучаваща) – контролът и оценката 
осигуряват възможност за по-нататъшно затвърждаване, 
задълбочаване и разширяване на знанията и уменията на 
студентите; 

• мотивационна – студентът се мотивира за по-високи 
постижения; 

• формираща – оценката формира умения у студента за 
самоконтрол; 

• прогностична – въз основа на оценките могат да се 
правят прогнози за развитието на курсове и програми; 

• селективна – предполага голяма обективност и 
справедливост. 

Оценката, според други учени, може да изпълнява и 
следните функции, близки до споменатите: възпитателна, 
диагностична, прогностична, дидактическа, гносеологическа, 
регулираща и селективна, контролноосведомителна, 
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стимулираща [18, с. 256-259]; обучаваща, възпитателна и 
контролна [14, с. 15]; ориентираща, обучаваща, контролна, 
управляваща, диагностична, развиваща, възпитаваща [16, с. 
17]; и др. 

Обобщаването на така изведените основни функции на 
оценяването е представено в Таблица №1; дава възможност да 
се открои доминирането на двете основни актуални парадигми 
за насочеността на оценката: към личността на обучавания 
(личностно-ориентиран подход в обучението) и към корекция 
на образователния процес за повишаване на неговото качество. 
Таблица №1.Функции на оценката 

 
Функция на 

оценката 

Основна насоченост на функцията на 
оценката 

Корекция 
на обр. 
процес 

Резултат от 
обучението 

Личността 
на 

обучавания 
контролираща +   
дидактическа  +  
възпитаваща   +  
развиваща   + 
диагностична +    
ориентираща +    
управляваща +    
прогностична +    
мотивационна   + 
информативна  +  
организационна +    
формираща   + 
селективна   + 
регулираща  +  
гносеологическа   + 

 
Оценката и в разговорния език, и като общонаучен термин 

има множество значения и смислови нюанси. Още повече, че 
изпълнява двойна функция – обозначава и процес, и резултат 
от този процес. Опитът да се дефинира единно определение на 
оценката, изхождайки от определенията в различни научни 
направления, води до убеждението, че това е невъзможно 
поради разногласията и противоречията в тях.  

В тълковните речници се дефинира като определяне на 
стойността на нещо, на размер на тази стойност при 
определени условия, като качествена характеристика на някого 
или нещо, като бележка за успеха на обучаван. [27, с. 585]  

Затруднението при същностното определяне на 
оценяването като психологическо явление произтича от трите 
рода оценки, свързани с отражението на обект-обектните, 
субект-обектните и субект-субектните отношения, изследвани 
не в еднаква степен. [8, с. 81-90] Оценката се представя като: 
„обективен критерий за постижение и поведение; средство за 
активиране, стимулиране на обучаваните [24, с. 348]; 
„оценяването е процес на съотнасяне на хода или резултата от 
дейност с начертани задачи в еталона [4, с. 163]; „психическо 
отражение на ценности от различен порядък“; „системен акт 
на определяне на качества, стойност и значение на нещо или 
някой, като се използват критерии според набор от стандарти; 
становище за качество, значимост“. [32] 

Липсва единомислие и в педагогическата литература за 
същността, смисъла и предназначението на оценката, както и в 
терминологията, използвана за изразяване на различните 
аспекти на оценъчната дейност в процеса на обучение. 
Очевидната трудност при дефиниране на оценката и 
оценяването произтича от факта, че системата на оценяване е 
сложна, многостепенна структура. В нея, в зависимост от 
основанията за класификация, могат да се отделят различни 
компоненти. 

Неслучайно английско говорещите страни използват 
различни термини за оценката: Assessment – за оценяване 
степента на подготовка на учениците; Evolution – за оценяване 
на учебното съдържание, документацията, обучението; 
Appraisal – за оценяване на учителите. Няма и единодействие 
при съблюдаване на тази терминология. [6, с. 8] 

Обект на оценяването в образованието е всичко онова, 
което може да бъде обект на измерване, свързано с равнище, 
обем и качество на: преподаване; учене в процеса на обучение; 
различните видове постижения на обучаваните под формата на 
знания, умения и компетентности; свойства на ситуациите и 
събитията в образователния процес; технологията на неговата 
реализация; самото оценяване. 

Предмет на оценяването е определен аспект или комплекс 
от страни в различните обекти на оценяване. 

Оценяването като търсене на резултат, изход от 
обучението е идентифициране на знания, умения, 
компетентности (ЗУК), независимо от начина им на 
придобиване. [30, с. 7, 21,23, 62-64] Класическа в тази насока е 
таксономията на Блум: знания и умения в познавателната, в 
психологическата и в психомоторната сфера на 
образователната дейност, както и йерархия на нивата на 
подготовка. За настоящото изследване е актуална 
познавателната сфера: възпроизвеждане, разбиране, 
приложение, анализ и синтез, даване на оценка и изводи. В. С. 
Аванесов много детайлно степенува видовете знания и умения, 
възможни за идентифициране, в 14 нива. [1; 2] Една от най-
широко използваните класификации е тази на В. П. Беспалко: 
разбиране, разпознаване, репродуктивно действие (знание-
копие), продуктивно (знание-умение), творческо действие 
(знание-трансфер). [9]  

Резултатите от обучението могат да се представят и в пет 
нива, като всяко от тях е дескриптор за тези резултати в пет 
основни групи: познаване и разбиране (предимно на основната 
предметна област); практическо приложение – приложни 
знания и разбиране; оценка и анализ; комуникативност, 
информационни умения – пренос на знания, умения, 
компетентности; самостоятелност, отговорност, работа с други. 
[31, с. 4] 

Търсенето на резултати от обучението е процес на 
идентифицирането на: овладени и разбрани знания; формирани 
и развити теоретични интелектуални умения; умения за 
самоуправление и анализ на самоуправлението; умения за 
придобиване на опит в скалата „новост – стереотипност“; 
практически интелектуални умения; практико-приложни 
умения; базови компетенции; ключови компетенции. [3, с. 90]  

Важен аспект в тази посока е разбирането за 
идентифицирането на различни прояви на усвоените знания, 
умения и компетентности, обобщени както следва: 
репродуктивност (възпроизвеждане), продуктивност 
(осмисляне, разбиране, прилагане), пренос (анализ, синтез, 
оценка) и творческо прилагане на знанията и уменията 
(интерпретация, алтернативност). [13] 

В литературата с педагогическа и дидактическа насоченост 
се дават различни определения на термини, които са в пряка 
връзка с проблемите на оценяването: проверка, оценка, 
сравнение, контрол, тест. Тези понятия са близки по значение 
и често се използват като синоними. И макар че дидактико-
гносеологическата стойност на различията в редица случаи да е 
незначителна, такава взаимозаменяемост е неприемлива и 
затова е целесъобразно те да бъдат разграничени, т. е. да се 
направят понятийно-терминологични уточнения. 

Проверката е процес на установяване на резултатите от 
обучението. Проверката притежава свои частни принципи – 
внезапност, доброволност, задължителност, гласност, 
дискретност, откритост и др., които в зависимост от учебната 
ситуация се съблюдават избирателно. [20, с. 91-96] 

Всяка проверка на знанията и уменията на обучаваните 
предполага определено оценяване, което не е задължително да 
се изразява с цифрова бележка. Според Е. Перонски [6, с.9] 
проверката е по-широко понятие, използвано в дидактиката, в 
сравнение с оценката, която е израз на отношението между 
това, което обучаемият знае по дадени въпроси от учебната 
програма и това, което той трябва да знае по тези въпроси към 
дадения момент.  

Р. Тейлър разглежда оценяването като процес на 
откриване колко е далеч развиващият и организиран учебен 
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опит от действително продуцираните желани резултати и 
идентифицирането на силата и слабостта на плана за работа.  

Оценяването е процес на съпоставяне на постигнатите 
резултати в учебната работа с предварително поставени цели за 
нейното извършване. Оценъчната дейност е познание за 
отношението между потребността и дейността, извършвана за 
нейното удовлетворяване. [20, с. 91-96] 

Ш. А. Амонашвили утвърждава, че „оценяването като 
компонент от дейността на училището се тълкува като 
познавателна дейност със специфична цел – да анализира 
резултата и протичането на учебната дейност на основата на 
специфични, приети като стандарт модели. В процеса на 
оценяването обучаваните придобиват нов опит, 
усъвършенстват методите за стигане на своите цели, избягват 
грешките или своевременно ги коригират“ [5, с. 52-58] И в 
други изследвания е налице подходът за оценяването като 
система за измерване и оценка на нивото на овладяване на 
определени стандарти. [11, с. 30-41] 

А. Александрова извежда и следните дефиниращи 
уточнения за оценяването: процес, основан на качествено или 
количествено изследване, на измерване и изчислителни 
процедури; процес на формализираща практика за придаване 
или поставяне на стойност на нещо; процес на съпоставяне на 
измерените действителни постижения с предварително 
поставени количествени и качествени стандарти. [3, с. 87] 

А. Атанасова-Вукова много ясно и синтезирано формулира 
същността на оценяването: „всяко оценяване означава 
„измерване“, което задължително изисква сравняване с 
определена единица, приета за мярка (мярка, еталон), чрез 
използване на определени критерии. И в тази връзка се 
посочва алгоритъм за оценяването: определяне на параметрите 
на това, което се оценява; определяне на стандарта на това, 
което се оценява, който е база за сравнение; определяне на 
критериите, по които се прави оценката“. [7, с. 21-37] 

Терминът оценяване често се използва и във вариант 
оценка. Необходимо е да се подчертае, че ако оценяването в 
обучението на знанията и уменията на обучаваните е 
съотнасяне на постиженията и резултатите от различни 
учебни дейности с изискванията на учебната програма и 
изискванията на преподавателя, а резултатът от оценяването 
е оценката. Важно е и уточняването на факта, че бележката не 
е оценка, а форма на изразяване на оценката: сумативна – 
количествена [21], цифрова, словесно-цифрова, вербална, 
формираща и др. [20, с. 91-96] 

Според М. Андреев оценката е „сложна познавателна 
дейност, чрез която се идентифицира стойността на дейността 
и резултатите от нея, сравнени с желани състояния на субекта, 
с това, което се смята, че трябва да бъде“. С помощта на 
оценката се извършват различни видове сравнения: между 
обучавани, с образователни изисквания, на способности, на 
положени усилия, на постигнато личностно усъвършенстване и 
др. [6, с. 7, 8] 

Оценката във висшето образование дава точна картина на: 
„компетентностите и съответните им компетенции, 
необходими за изучаваната специалност, респективно – за 
бъдещата професия; готовността и актуалността на знанията и 
уменията на студента; неговия „професионален портрет“ 
съгласно квалификационната характеристика на получената 
квалификационно-образователна степен“. [7, с. 21-37] 

Брожин разглежда оценката като процес, в който всичко 
опознато се сравнява, за да се измери ефективността и 
интензивността с една или друга ценностна предметност. 
Оценката може да бъде съпоставена и с познанието. На същия 
автор принадлежи и твърдението, че докато в процеса на 
познанието субектът осъзнава обективната реалност, в процеса 
на оценката той осъзнава какво е за него осъзнатата 
действителност, осъзнава себе си в нея и докато благодарение 
на познанието субектът развива своето съзнание, благодарение 
на оценката той задълбочава своето самосъзнание. 

Сравняването на двете учебни понятия води до извода, че 
всяка оценка е познание, но не всяко познание е оценка.  

Анализирайки двете учебни понятия – оценка и сравнение 
– може да се твърди, че всяка оценка е сравнение, но не всяко 
сравнение е оценка.  

Сравнението е свързано с измерването, като при всяко 
измерване се използват еднозначни и точни мерни единици. За 
съжаление качествените и количествени мерни единици в 
образованието са спорни. Те не са еднозначни и в редица 
случаи не измерват онова, което се смята, че трябва да 
измерват или не го правят обективно и качествено. Това 
своеобразие на педагогическите оценки задължава много 
внимателно да бъдат организирани мерните операции и още 
по-внимателно да се интерпретират данните, получени чрез 
оценъчни процедури. Върху учебните постижения, върху 
процеса на обучение и неговото съдържание упражняват 
влияние много трудни за отчитане фактори, поради което 
оценката отразява приблизително действителните 
характеристики на оценъчното явление. 

Проверката и оценката се разглеждат и като част от 
контрола на преподавателя в процеса на обучение, който 
позволява чрез различни методи, форми и средства (система за 
проверяване) да се установи и провери предварително, 
актуално или крайно състояние (цялостно или частично) на 
обема и качеството на знанията, уменията и компетентностите 
на обучаемите. Педагогическият контрол е система от 
оценъчни и аналитични дейности, чрез които се цели да се 
установят резултатите от реализирането на образователната 
програма.  Чрез педагогическия контрол се постига обратна 
връзка между положения от обучаваните труд, поставените им 
задачи и преподавателя, който оценява изпълнението на тези 
задачи. [33] 

Контролът е управленческа функция на преподавателя, 
която включва: 

 разработване и прилагане на система за провеждане 
на процеса на обучение в съответствие с 
предварително поставени цели на обучение; 

 установяване на насоките за корекция и регулиране на 
дейностите; 

 разработване и усъвършенстване на система от 
форми, методи и средства за проверяване и 
оценяване, съобразно принципите и изискванията на 
педагогическия контрол. 

Принципите, върху които се строи контролът са: 
целенасоченост, всестранност, непрекъснатост и системност, 
обективност, прозрачност, приоритет (преференциална 
насоченост) към по-важните състояния и резултати, 
ефективност. 

Обща класификация на контрола може да бъде направена 
според: 

 Времето на провеждане в обучението: предварителен 
(входен), текущ, периодичен (тематичен), 
заключителен и изходящ; 

 Ритмичността (повтаряемостта): еднократен 
(прекъснат), периодичен (епизодичен) и непрекъснат; 

 Количество на обучаемите: индивидуален, групов, 
фронтален и масов; 

 Характера на санкциите: формален (регламентиран от 
административно-юридически норми) и неформален, 
който често се свежда до спонтанна реакция на 
контролиращия, изразяваща отношението му към 
предмета и резултата от контролирането – одобрение, 
снизходителна насмешка, ирония, отказ от 
констатация и др.; 

 Начин на извършване: устен, писмен, практически и 
комбиниран. 

Проверката е педагогическо явление, установяващо 
равнището на успеваемост на обучаваните, на техните знания, 
умения и компетентности. [19, с. 133] Основното й  
предназначение е да „разкрива обективните резултати от 
обучението, да установява доколко учебните постижения 
съответстват на изискванията…“ [22, с. 217]  
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Много често при разглеждане на всички проблеми на 
оценяването учените използват едновременно термините: 
оценка и проверка [22, с. 351]; контрол, проверка, оценка [18, с. 
256]. Освен това, проверката се определя като по-широко 
понятие, а оценката – като по-частно понятие. [6, с. 9] 

Проблемите на оценяването в обучението са обект на 
доцимологията – наука за изследване на събитията в този 
процес, включително за видовете, формите и методите на 
оценяване. От тази гледна точка всъщност става въпрос за 
начините на получаване на обратна информация от 
обучаваните; за „вариантите,алтернативните предпочитания 
към едни или други възможности, без да се държи сметка за 
тяхното единство или взаимно допълване“ [6, с. 25]; за „… 
нейното практическо реализиране.“ [12, с. 14]; за 
„стратегиите на изпитване и оценяване“. [23, с. 25; 29, с. 124] 

Изследователите много често отъждествяват методите 
на проверка с нейните форми и видове. От друга страна, 
видовете, формите и методите на оценяване много често се 
аргументират спрямо трите използвани термина – оценка, 
проверка, контрол, както това вече се изясни. Многобройните 
класификации имат своите основания, но и нерешени въпроси. 
Това е предизвикано от сложността на изследваната материя, 
от обществената й и личностна значимост, от сериозните 
прояви на субективизъм в процесите на контрол, проверка и 
оценка. Познаването, обаче, на това разнообразие от форми, 
методи и видове оценяване и изследователски мнения е 
предпоставка за преодоляването на недостатъците при 
извършването му. 

П. Петров разкрива видове, форми и методи на проверка 
според критериите: време – предварителна, текуща, 
периодическа, заключителна; обхват на обучаваните – 
индивидуална, групова, фронтална, масова; начин на 
извършване – устна, писмена, практическа, комбинирана. 
Формите и средствата за оценяване се разглеждат в пряка 
връзка с  „разработването и използването на адекватни 
критерии и показатели, чрез които може да се установят 
реалните постижения на обучаваните“. [23, с. 365-369] 
Разграничават се: качествена оценка (вербална, съдържателна, 
аналитична) – устно или писмено поощрение или неодобрение, 
рецензия, характеристика на постижения; количествена оценка 
– цифрова, балова, буквена, словесна и смесени.  

М. Андреев [6, с. 25-29] обосновава варианти на оценяване, 
които зависят от стратегията на оценяване: 
♦ формално и неформално оценяване – според средата и 

условията на оценяване; 
♦ формиращо (мотивиране на резултата и коригиращи 

съждения) и неформиращо (суматично) – важна е 
ефективността на обучението, а не развитието на 
обучавания;  

♦ текущо (диагностично) и (кумулативно); 
♦ постигнат резултат и процес; 
♦ вътрешно и външно (експертно); 
♦ конвергентно (точност на възпроизвеждане и 

интерпретиране) и дивергентно (разнопосочно търсене на 
връзки и отношения); 

♦ състезателно (конкурсно) и несъстезателно. 
Особено място и значение изследователят отдава на 

диференцирането на актуалните в последното десетилетие два 
вида оценяване – нормативно и критерийно (критериално – 
при всички други изследователи). [6, с. 30-33]  

При нормативното оценяване се сравняват индивиди, 
класове (групи, курсове в случая). Целта е диференциране на 
оценяваните, да се открие равнището на всеки студент – 
напредъкът му, в коя категория попада според равнището на 
постиженията. 

При критериалното оценяване постиженията се сравняват 
с определен оценъчен стандарт (еталон, критерий). 
Представляват „ясни и точни дефиниции на това какво 
конкретно трябва да направи дадено изследвано лице, за да 
демонстрира компетентност на определено равнище в 
съответната съдържателна област“ [26, с. 14] Оценъчните 

стандарти се дефинират от Л. Ханше като системa, включваща: 
оценъчни равнища; вербалното им описание; илюстративни 
примери за задачи и отговори, характерни за всяко оценъчно 
равнище; прагови стойности за съответната оценъчна скала. 
Всъщност, ако образователният стандарт показва какво дадено 
конкретно изследвано лице трябва да знае и може, то 
оценъчният стандарт показва колко изследваното лице знае и 
може от това, което е заложено в съответните образователни 
изисквания/стандарти. Броят на равнищата им (3, 4, 5…) и 
съответните им етикети (например слаб, среден и т.н.) са пряко 
обвързани и зависят от конкретната съдържателна област. При 
този вид оценяване оценяващите въпроси са строго 
определени; проверяват се еднозначни знания, умения, 
компетентности; липсва разнокачественост, а всичко това 
обективизира оценяването. [28, с. 4] 

В системата на оценяване във висшето образование важно 
място заема и рейтинговата система за оценяване. 
Преимущество на тази система е възможността за използване 
на резултатите на текущото оценяване в крайната оценка. 
Рейтингът е всъщност „количественият показател на 
състоянието или резултата от определен вид дейност на даден 
субект, позволяващ да се оцени степента на „превъзходство“ в 
сравнение с други субекти“. [7, с. 21-37] Индивидуалният 
количествен индекс на обучавания представлява интегрална 
оценка от количествена и качествена такава за изпълнение на 
учебни задачи, поетапно през целия курс на обучение; 
получава се при преминаване през началния, текущия и 
крайния контрол.  

Така посочените видове оценяване, според стратегията на 
тяхното извършване, са взаимнопроникващи, в различни 
съотношения помежду си. 

Независимо от различните подходи към дефиниране на 
видовете, методите и формите на оценяване, обаче, учените са 
единодушни по отношение на  изискванията към оценката: 
1. обективност – да отразява действителните постижения; 
2. диференцираност и всестранност – да отразява 

различните страни от подготовката на обучавания 
(теоретични знания или практически умения), да е 
съобразена със спецификата на оценяваното, с 
възрастовите и индивидуални особености на оценяваните; 

3. системност – редовно провеждане; 
4. мотивираност – яснота по отношение на това защо се 

получава точно такава оценка; 
5. разнообразие на формите и видовете на провеждане; 
6. да не се използва като средство за наказание. 

Всички изследователи, независимо  от различията при 
класификацията на оценяването, определят и утвърждават 
дидактическия тест като една от съвременните форми на 
оценяване, аргументирайки неговите преимущества.  

В настоящия труд, с оглед целта и задачите на отразяваното 
проучване, се отделя специално място на теста като съвременна 
форма на оценяване.  

Теорията и практиката на тестирането в съвременното му 
разбиране имат вече повече от столетна история. Времето на 
зараждането му се отнася в края на XIX век, когато в 
психологията започват да се изследват физическите, 
физиологическите и психическите особености на човек. 

Франсис Галтон е един от първите, използвал тестова 
технология в далечната 1884 г. Формулира три основни 
принципа на тестиране, съхранили своята актуалност и до днес: 
използване на серия от еднакви изпитания върху тестираните, 
необходимост от натрупване и обработка на статистически 
резултати, установяване на еталони за оценка. 

Тестовата методика в образованието е свързана с името на 
Едуард Торндайк от САЩ, независимо, че той се опира на 
опита на европейските образователни системи.  

Според В.С.Аванесов, педагогическата тестология е 
призвана да се занимава с въпросите на разработката на тестове 
за обективен контрол на подготовката на обучаваните – знания, 
умения, представи; интелектуално, физическо и културно 
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развитие; творчески способности; възпитаност и ниво на 
развитие на емоционално-чувствената сфера. [2] 

У нас Г. Бижков има съществен принос за развитието на 
теорията на дидактическите тестове. Според него тестът (от 
англ. Test – проверка, проба, изпитание) е научен метод за 
изследване на определени качества на личността, който се 
провежда при спазване на определени условия, има конкретна 
и научнообоснована цел, създава се според утвърдени 
изисквания…“ [10, с. 54] И. Иванов определя теста като 
систематична и стандартизирана процедура за наблюдение и 
измерване, водеща и до количествена оценка. [15, с. 254, 255] 
Тестът е и: система от задания в специфична форма, 
позволяваща да се оцени нивото на обученост на обучаваните 
(студентите), на съвкупността от техните знания, умения и 
компетентности в една или друга област на съдържание от 
учебната програма [25, с. 33]; набор от „процедури за 
измерване и оценка на обекта и предмета на оценяване или 
диагностициране“, „средство за осъществяване на тестирането, 
което представлява вербална (писмена, устна) или практическа 
серия (система) от въпроси и задачи с определено подреждане 
и търсени резултати.“ [3, с. 254]. 

Компоненти на качествен тест са: 
• Набор от задачи, въпроси, инструкции; 
• Инструкция за изследвания на целта и правилата за 

изпълнение на задачите; 
• Ключ за скалиране – схема за съотнасяне на айтемите 

(въпросите, задачите, твърденията) със скалите на 
измерваните качества; 

• Ключ за кодиране – за изчисляване на бал по всяка 
скала и при всеки вариант на отговор; 

• Ключ за интерпретация на получените резултати – 
нормите, с които се съотнасят получените резултати;  

• Сведения за основните характеристики на теста – 
валидност и надеждност, които позволяват на 
ползвателя да оцени качеството на теста. [15, с. 12, 255, 
257] 

В сравнение с традиционните видове оценяване, тестовото 
е универсално и притежава редица предимства. Обобщени, 
според различните изследователи [10, с. 375; 18, с. 278; 6, с. 49-
54], показват следните предимства:  

1. Възможност на оценяване на всеки един етап от 
обучението и педагогическата технология; 

2. Възможност за съчетаване с традиционни форми на 
оценяване; 

3. Индивидуален характер на контрола; 
4. Единство на изискванията към всички оценявани; 
5. Възможност за ранжирането на нивото на 

достиженията на обучаваните в широк диапазон; 
6. Обективност; 
7. Ефективност на тестовото оценяване, позволяващо 

провеждането на оценяване за кратко време; 
8. Обхващане на целия диапазон на програмата за 

обучение; 
9. Отчитане на специфичните особености на всяка 

дисциплина чрез многообразието от видове тестови 
задачи; 

10. Стандартизиране и възможност за разработването на 
единен тест за различни групи обучавани, учебни 
заведения; 

11. Висока прогностическа валидност на начално 
оценяване, позволяващо предвиждането на успехи на 
обучаваните в бъдеще; 

12. Висока съдържателна валидност и надеждност на 
тестовия контрол, позволяваща да се говори за 
пълноценна педагогическа оценка на нивото на 
обучение; 

13. Висока критериална валидност на заключителни 
тестове. 

Различните изследователи, според многообразието на 
дидактико-доцимологичната същност на тестовете, определят 

различни групи-видове. Разграничението им е условно, т.к. 
гледните точки могат да присъстват и в комбинации.  

За класифициране на голямото многообразие от тестове 
според А. Александрова определящи са три подхода за 
тестиране, определящи следните видове: [3, с. 36]  
 Обективен – важен е показаният резултат: за изследване на 

интелекта, за специални и общи способности, обективни 
личностни тестове, тестове за постижения,  
психофизиологични и др.; 

 Субективен – осъществява се върху основата на 
информация, давана от изследваните лица: личностни 
въпросници, въпросници за състояния и намерения, 
въпросници-анкети;  

 Проективен – осъществява се чрез стимули, които са 
предмет на доразвитие от изследваните лица чрез различни 
проективни методики: моторно-експресивни методики 
(двигателно състояние), перцептивно-структурни методики 
(за сетивни възприятия), аперцептивно-динамически 
методики (за възприятия в зависимост от личния опит). 
От различни гледни точки тестовете могат да бъдат още: 
 Според броя на изследваните лица – индивидуални 

и колективни; 
 Според вида на изследваните явления: тест за 

резултат от обучение или тренировка  – за 
успеваемост (за обученост, дидактически), за 
креативност, за знания; тестове за способности – за 
общи способности (интелект, концентрация, сензорни 
и моторни, за умствено развитие), за специални 
способности в различни сфери на дейността, за 
функционални възможности (готовност за …, 
пригодност за професионално обучение и професия, 
социални тестове и др.); 

 Според целта – констатиращи, диагностични, 
прогностични; 

 Според вида на отговорите на тестовите задачи: с 
двуалтернативен отговор; с множествен избор на 
отговор; с празно място за попълване на отговор; с 
отговор за интерпретация; за възстановяване на 
детайли; за разбиране; с рейтингова скала – 
подреждане в рейтинг и др.; 

 Според предназначението: за измерване на общи 
способности, за изследване на специални 
способности, за интереси, за запомняне, за разбиране, 
за професионална пригодност и др.; 

 Според начина на извършване – вербален, писмен, 
практически, комбиниран; 

 Според средствата на процедиране – бланкови, 
материално-предметни, апаратурни, компютърни; 

 Според еталона – нормативно-ориентирани, 
критериално-ориентирани; 

 Според конструкцията – прости (хомогенни, с 
еднотипни задачи) и сложни (хетерогенни, 
комбинирани), традиционни и нетрадиционни 
(интегративни, адаптивни, многостепенни); 

 Според степента на търсенето на рейтинг на високо 
професионално ниво и съгласуваност на оценката 
[15, с. 205] – експертен (индивидуален или групов) и  
формиран от броя на избраните от 
обучавания/студента верни отговори на множество 
въпроси [13]; 

 Според времето на провеждане в процеса на 
обучение – входящ, текущ, заключителен; 

 Според степента на приложимост – стандартизирани 
и нестандартизирани и др. 

Независимо от всички гледни точки, изследователите 
обособяват две големи групи тестове, отнасящи се към всички 
други видове: нормативни и критериални.  

Различията са в предполагаемите цели, начина на подбор на 
съдържание, еталона и процеса на интерпретация на 
резултатите. 
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Нормативно-ориентираният тест е предназначен за 
сравнение на успеваемостта на обучавания с нормата (със 
стандарта) – с типичната успеваемост, установена чрез 
тестиране на представителна извадка. Резултатите се дават във 
вид на стандартизиран тестови бал. Този тест дава оценка на 
достиженията на отделен обучаван в сравнение с достиженията 
на другите. Тази информация е добра за насочване в група/курс 
за слабо справящи се, но не дава представа за реалните и 
конкретни знания и умения. Достоверността на такава оценка 
зависи от съдържанието на теста. 

Използването на този вид тестове обикновено се критикува 
поради ниската информативност относно знанията и уменията 
на конкретния обучаван и перспективите за бъдещето му. Като 
алтернативи се прилагат критериални тестове и други подходи. 

Критериално-ориентираният тест е предназначен за 
измерване на определена част от учебния материал; за 
доказване на съответствието на определен критерий, 
достигането на определено ниво на владеене на знания и 
умения. Резултатите се дават във вид на първичен тестови бал. 

В критериално-ориентираните тестове (КОРТ) всяка задача 
може да се разглежда като критерий, показващ мярата за 
подготвеност. В КОРТ в максимално чист вид са представени 
аналитично определени знания и умения, изисквани от 
критерия на задачата. [15, с. 264] 

Критериалните тестове определят какво знаят и могат 
обучаваните, а не как се сравняват с другите. Критериите се 
определят от комплекта образователни цели, които стоят пред 
теста.  

КОРТ обикновено са свързани с цялата област на знания и 
умения по дисциплината, но може да са насочени и към част от 
нея, свързана с конкретен стандарт. 

Друга важна гледна точка в педагогическата литература, 
при всяко тестово изследване за оценка, поради огромната й 
практическа стойност, е видът на знанията, уменията и 
компетентностите (ЗУК), които се идентифицират, както и 
техните нива на проявление. 

3. Резултати  
Очевидната трудност при дефиниране на оценката и 

оценяването произтича от факта, че системата на оценяване е 
сложна, многостепенна структура. В нея, в зависимост от 
основанията за класификация, могат да се отделят различни 
компоненти. Разглеждайки последователността от действия, 
обаче, може да се говори за задължителното присъствие на 
цели на контрола, методи на проверка, способи на анализ, 
варианти на оценка.  

В тази връзка, за целта на настоящото изследване се 
извеждат следните задължителни алгоритмични компоненти на 
оценяване: контрол – за степен на възможности на студентите 
за реализиране на дигитален аранжимент чрез МIDI-проект; 
метод на проверка – експертен критериално-ориентиран, 
размит тест, основан на изведената технология за реализиране 
на аранжимент чрез MIDI-проект; способи на анализ – 
критерии и показатели, основани на изведената технология за 
реализиране на дигитален аранжимент чрез MIDI-проект и 
идентификация на проява и ниво на знания, умения и 
компетентноости (ЗУК). 

Под „оценяване“ следва да се разбира процедурата по 
контрол на учебните постижения, включваща съотнасянето на 
достигнатите резултати с поставените педагогически цели. 
Резултатът от анализа на това съотнасяне представлява 
педагогическата оценка. Изразяването на педагогическата 
оценка в символен вид (число, буква, знак…) води до 
превръщането на педагогическата оценка в количествена 
значимост, отразяваща индивидуалното ранжиране на 
обучаваните. Системата на оценяване, в която оценката се 
изразява с число, е балова система. 

Теоретичният анализ на съвременната литература, касаеща 
този проблем, дава основание да се приеме като целесъобразна 
следната последователност: контрол на учебните постижения – 
измерване на тези постижения – оценяването им – определяне 

на оценка, изразена в словесен и цифров вид, определящ 
ранговото място на студента в обучаваната група.  

На основа на гореизложеното се определя, че процедурата 
по оценяването на реализиран дигитален аранжимент чрез 
MIDI-проект преминава през следните етапи: контрол на 
реализиран дигитален аранжимент чрез MIDI-проект, 
измерване и оценяването му – чрез експертен критериално-
ориентиран размит тест; оформяне на оценка – словесна и 
цифрова.  

Приемането на този подход е основа за използването на 
теста като основна, актуална, обективна и повишаваща 
качеството на обучението форма на оценяване.  

За оценяването на студентски аранжимент чрез MIDI-
проект настоящото изследване се базира на експертна, 
критериално-ориентирана, индивидуална оценка. Оценяването 
на MIDI-проект е един етап, компонент за оценяване на 
студентите по дисциплината „Аудио и MIDI-технологии в 
музиката“, съобразно  рейтинговата система.  

  Реализирането на MIDI-проект в дисциплината ”Аудио и 
MIDI-технологии в музиката”  се извършва в условия на 
мултимедийна среда, чрез използването на Audio-MIDI 
секвенсер „Cakewalk Sonar” като основен инструмент.  

 Алгоритмът за изпълнението му е изведен в методика за 
създаване на дигитален аранжимент чрез работа над MIDI-
проект (обект на друго изследване). В нея се дава 
характеристика на програмния модел, на базата на който се 
изпълнява тази методическа последователност.  

Готовият проект се оценява от преподавателя на базата на 
неговия опит и професионална квалификация, като записаният 
дигитален аранжимент се идентифицира слухово и визуално. 
Тази оценка метрифицира подготовката на студента, неговите 
знания, умения и компетентности. Извършеният анализ, 
основан на теоретичните изследвания на Р. Торндайк, С.Д. 
Бешелев, Ф.Г. Гурвич и др. [2, с. 206] показва, че оценката на 
преподавателя е субективна и приблизителна, неизчистена от 
неточности. Aко експертът е един, то надеждността на 
резултата е 0,55, което е лоша експлоатационна 
характеристика. Надеждността оказва влияние на грешката от 
измерването, следователно и тя е твърде голяма. Тези 
обстоятелства водят до търсене на подходи за обективизиране 
на получената оценка. 

 За решаването на проблема за обективизиране на оценката 
на преподавателя за студентски  MIDI-проект се предлага 
следният функционален модел на оценяваща процедура:  
Фигура №1. Функционален модел на оценяване на дигитален 
аранжимент, реализиран чрез MIDI-проект 
 

 
 
 
  

 
Първият елемент от модела се основава на разработената 

методика за реализиране на аранжимент чрез MIDI-проект.  
Приема се хипотетичната възможност, че тестовата система 

е конструктът, който обективизира контрола, следователно – и 
оценката. 

Идентификацията на резултата от дигиталния аранжимент 
на изследваните студенти се извършва от група експерти. 
Тестването на получените данни – тяхното измерване и оценка 
от експертите, се извършва  с помощта на аргументираната  
тестова система. Използването на експертна група при 
оценяването на дигиталния аранжимент на изследваните 
студенти се прави с цел повишаване на надеждността на 
получения резултат, т.е.  – на оценката на дигиталния 
аранжимент. 

Разработването на тестовата система включва:   
 създаване на тестови задачи за оценяване на MIDI-проект 

и спецификация на тестовата система; 
 избор на подход за оценяване на студентски MIDI-проект; 

обосновка на експертно оценяване на MIDI-проект; 
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 технология за експертно оценяване на резултата от 
разработения MIDI-проект; 

 подход за определяне на сьдьржателната валидност на 
теста. 

Тестовата система е преназначена за експертна оценка на 
създаден дигитален аранжимент, реализиран чрез MIDI-проект 
от студенти, обучавани в специалност „Педагогика на 
обучението по в музика” на Шуменски университет „Епископ 
Константин Преславски”, в дисциплината „Аудио и MIDI-
технологии в музиката“. 

Създадена е критериално-ориентирана тестова система с 
тринадесет тестови задачи, на основата на критерии и 
показатели, следващи алгоритъма на технологията за 
създаване на дигитален аранжимент и обусловените 
оригинални правила за определяне на съдържанието и 
структурата им. Определена е интегралната характеристика на 
ЗУК за всяка тестова задача, проявени в наблюдаемо поведение 
като максимално ниво на скалата с градирани отговори, имаща 
различна степен на изразяване. 

Конструирана е лингвистична скала от ликертов тип с 
разширени терм-множества, с градирани на пет нива 
отговори, на основата на теорията на размитата логика. [24-2, с. 
177-182; 24-3, с. 292-299] 

3. Заключение 
Апробирането на създадената критериално-ориентирана 

тестова система дава основание  да се твърди, че същата 
оптимизира измерването и оценяването на ЗУК, необходими 
за реализацията на дигитален аранжимент чрез работа над 
MIDI-проект. 

Разработената система за определяне нивото на проявени 
специфични ЗУК за всяка тестова задача, необходими за 
реализацията на студентски MIDI-проект дава възможност за 
получаване на информация, която да се използва от педагога 
за подобряване на качеството на работата, свързана със 
реализацията на дигитален аранжимент. 

Дефинираният коефициент на размитост за всяка тестова 
задача може да се използва като критерий за оценка на 
качествата на същата, а получените резултати от 
коефициентите на размитост на анализираната тестова система 
показват, че същите могат да се използват като еталон. По 
такъв начин, чрез определената съдържателна валидност и чрез 
получените коефициенти на размитост, изследваната тестова 
система за оценяване може да се приеме като еталонна 
такава. 

На базата на резултата от обективизираните експертни 
оценки се определят нивата на проявените ЗУК на всеки 
тестван студент за всяка тестова задача. Тази информация 
служи като обратна връзка за педагога при повишаване на 
качеството на учебния процес, свързан с реализацията на 
дигиталния аранжимент чрез работа над MIDI-проект. 

Литература 
1. Аванесов, В. Определение, предмет и основные функции 

педагогической диагностики. 
http://testolog.narod.ru/Obrasov21.html  

2. Аванесов, В. Теория и методика педагогических измерений. 
http://testolog.narod.ru/Theory.html 

3. Александрова, А. Тестиране в образованието. Пловдив, 
2009 

4. Амонашвили, Ш. А. Воспитательная и образовательная 
функция оценки учения школьников. М., 1984 

5. Амонашвили, Ш. Същност на оценката и бележката, 
Педагогика, 1991, кн. 10 

6. Андреев, М. Оценяването в училище (доцимология). С., 
1995 

7. Атанасова, А. Рейтингова система за оценяване знанията и 
уменията на студентите от специалност „Педагогика на 
обучението по музика. Иновации в образованието, Шумен, 
2010 

8. Батурин, Н. А. Проблема оценивания и оценки в общей 
психологии. Вопросы психологии, 1989, №2 

9. Беспалко, В. Основи на теорията на педагогическите 
системи. С.,1982 

10. Бижков, Г. Теория и методика на дидактическите тестове, 
С., Просвета, 1997 

11. Бражник, Е., И. Луговская.  Сравнительные исследования 
школьного образования в европейских странах. 
Герценовские чтения, 2006, Ч. 1: Исследования школьного 
образования (педагогический аспект). СПб.: Изд-во РГПУ 
им. А.И. Герцена, 2006 

12. Бъчева, С. Проверката и обратната информация в 
обучението, С., 1981 

13. Герганов, Е. Тестово и експертно оценяване. 
http://www.tu-
sofia.bg/sopko/instrumentar/method/Testove_EG.pdf 

14. Драганов, П. и др. Педагогика. С., 1981 
15. Иванов, И. Педагогическа диагностика. Ш., 

Университетско издателство “Епископ Константин 
Преславски”, 2006 

16. Кровошапова, Р., О. Силютина. Проверката и оценката в 
работата на учителя. Народна просвета, 1981, №10 

17. Кръстева, А. Аспекти на оценяването на знанията и 
уменията на студентите, http://www.cet-
vtu.com/site/bul/et6.html 

18. Милков, Л. Дидактика, 2002 
19. Милков, Л., Г. Колев. Обща педагогика. Дидактика. 

Шумен-полиграф, 1994 
20. Милчева, Ю. Годишник на Минно-геоложкия 

университет „Св. Иван Рилски“, Том 48, Св. IV, 
Хуманитарни и стопански науки, 2005 

21. Пейчева, Р. Качество на обучението на ниво модул/курс, 
www.uni-ruse.bg 

22. Петров, П. Дидактика, УИ „Св. Кл. Охридски“, 1994 
23. Петров, П. Дидактика, Седми раздел, Доцимология, 1998  
24. Речник по психология, Наука и изкуство, 1989 
24-2. Русков, Ст. Технология за създаване на дигитален 
аранжимент посредством работата над MIDI-проект. Научни 
трудове, II част, НВУ „В. Левски“, 2013 
24-3. русков, Ст. Подход за определяне на съдържателната 
валидност на теста. Научни трудове, II част, НВУ „В. 
Левски“, 2013 
25. Современные средства оценивания результатов обучения. 

Учебно-методический комплекс дисциплины, Сост.: 
Л.Ю.Козырева; Бийский университет им. В. М. Шукшина, 
2009 

26. Стоянова, Ф. Критериално ориентирани дидактически 
тестове. ИК „Даниела Убенова”, София, 2008  

27. Съвременен тълковен речник на българския език. Елпис, 
1994 

28. Hanshe, L. Handbook for the Development of Performance 
Standart: Meeting the Requirements of Title I. Washington, US 
Department of Education and the Council of Chief State School 
Officers,1998 

29. McМillan. Assessment. From Principles to Action. Loyd-
Jones, R. London, 1989 

30. Raymond, C., S. Boverie, J. M. Le Quellec. Practical 
realisation of fuzzy controllers comparison with conventional 
methods. Proceedings of the First European Congress on 
Intelligent Technologies. September 7-10, 1993. Aachen, 
Germany. V.1 

31. Scottish credit and qualifications framework 
32. http://dictionary-

psychology.com/index.php?a=term&d=Dictionary+of+psycholo
gy&t=Evaluation 

33. www.eobrazovanie.com/wp-
content/.../07/KONTR_DEINOST1.ppt 

79

http://testolog.narod.ru/Obrasov21.html
http://testolog.narod.ru/Theory.html
http://www.tu-sofia.bg/sopko/instrumentar/method/Testove_EG.pdf
http://www.tu-sofia.bg/sopko/instrumentar/method/Testove_EG.pdf
http://www.ivanpivanov.com/uploads/sources/16_Pedagogicheska-diagnostika-2006.pdf
http://www.cet-vtu.com/site/bul/et6.html
http://www.cet-vtu.com/site/bul/et6.html
http://www.uni-ruse.bg/
http://dictionary-psychology.com/index.php?a=term&d=Dictionary+of+psychology&t=Evaluation
http://dictionary-psychology.com/index.php?a=term&d=Dictionary+of+psychology&t=Evaluation
http://dictionary-psychology.com/index.php?a=term&d=Dictionary+of+psychology&t=Evaluation
http://www.eobrazovanie.com/wp-content/.../07/KONTR_DEINOST1.ppt
http://www.eobrazovanie.com/wp-content/.../07/KONTR_DEINOST1.ppt


STUDIES ON BITUMEN ADHESION THE NATURAL AGGREGATES 
 

Lecturer Eng. Gălușcă Narciza-Izabela PhD.1 
Faculty of Civil Engineering and Building Services, Technical University ”Gheorghe Asachi” Iasi, Romania 1 

 

 

Abstract: The paper presents the results of laboratory tests for determining adhesiveness of bitumen and bitumen additives, the 
aggregate pit and aggregate quarry natural exfoliation method (SR EN 12697/11-2006. 
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1. Introduction 
The adhesion between natural aggregates and bitumen is a 

surface phenomenon which depends on the contact between the two 
materials, and on the attraction between their surfaces. 

The bitumen adhesion as against natural aggregates is 
inappropriate if it is below 80% (technical condition imposed by 
SR174-1/2009). 

In order to study the influence of the additives: ADIROL 
ALCAMID OX,  ADIROL ALCAMID SX over road bitumen, 
there have been made tests in the ROADS laboratory at the 
Technical University of Iasi, Faculty de Civil Engineering, on two 
types aggregates: natural pit Cristesti and natural quarry Chileni. 

The study presents the obtained experimental results and the 
interpretations watching adhesion between pure bitumen and the 
additives bitumen to natural pit aggregates and natural quarry 
aggregates. 

The used bitumen fit in terms of characteristics in the type of 
bitumen – D 60/80 according SR 754/1999 – table 1. 

Table 1:Bbitumen characteristics.  
No. 
crt. 

Characteristics 
Name of test 

U.M. Result of 
test 

Limits Characteristi
cs Name of 

test 
1. Penetration at 

250C 
1/10
mm 66 60...80 SR EN 

1426-02 
2. Softening point 

Ring and ball 
softening point 

0C 49,1 49...55 SR EN 
1427-02 

3. Ductility at: 
 -50C 
-250C 

cm 5 
137 

min.4 
min.100 SR 61-97 

4. Frass break 
point 

0C -19 min.-13 SR 12593-03 

5. Marcusson flash 
point 

0C 268 min. 250 SR ISO 
2592-03 

6. Solubility in 
organic solvents % 99,51 min. 99 SR EN 

12592-03 
7. Stability in thin 

film at +1630C 
 - residual 
penetration at 
250C 
  -  mass loss 
  - I.B. point 
increase 
  - residual 
ductility at 250C 

% 
 
 
 

% 
0C 
 

cm 

60 
 
 
 

0,33 
5,1 

 
126 

min. 50 
 
 
 

max. 0,8 
max. 9 

 
min. 50 

SR EN 
12607/2-03 

8. Paraffin content % 0,81 max. 2 SR EN 
12606/ 1-03 

9. Density at 150C g/cm
3 0,998 min. 

0,995 
STAS 

10969/3-83 
10. Penetration  

- susceptibility 
to heat  

I.P. 
„a” 

-0,76 
0,045 

Ground-
gel 

structure 

- - 

 

In the purpose of adhesion determination between bitumen and 
aggregates there were tested two types of additives.  

The used materials were: bitumen, additives, aggregates, 
reagents. 

For additive the bitumen has resorted to two additives: 
ADIROL ALCAMID OX, ADIROL ALCAMID SX. These 
additives are composites of surfactant substances of type amido-
amine with raised thermal stability. 

The pit aggregates are siliceous rocks and the quarry aggregates 
are andesite rocks. 

The reactive depend on the type of aggregates which they mix: 
- 0.1N hydrochloric acid (HCl) – for limestone aggregates; 
- N Hydrofluoric acid (HF) – for siliceous-limestone and siliceous 
aggregates; 
- 0.1N sodium hydroxide (NaOH); 
- N (± 2%) potassium hydroxide (KOH); 
- 1% of the mass of phenolphthalein indicator solution in ethanol. 

The pure potassium hydroxide for analysis contains around 85% KOH. 
Controlling the normality of potassium hydroxide with N HCl, adjusting N 
KOH if it is necessary (± 2%) and controlling after the normality HF with N 
KOH. 

2. Making laboratory measurements 
For substantiate and highlight the influence of using additive bitumen at 

asphaltic mixture preparation there have been achieved a series of 
determinations in laboratory using delamination in boiling water method. 

To perform the determinations there were used pit aggregates and 
quarry aggregates, bitumen D 60/80 – SR 754/1999, two indigenous 
additives ADIROL ALCAMID OX and ADIROL ALCAMID SX. 

In the research it was tested the adhesion of pure bitumen and additive 
bitumen at the two types of natural aggregates. The percentages of used 
additive were 0.4%, 0.8% and 1% additive, for the samples prepared with 
ADIROL ALCAMID OX and ADIROL ALCAMID SX additive. 

 Determination of calibration curve for pit aggregates 

The results of laboratory made tests are centralized in table 2. 

The centralization of the results from laboratory determinations is 
presented in table 3, and the graphic representation of the determinations is 
presented in figure 1. 
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Figure 1 -  Exfoliated natural pit aggregates percentage representation. 
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                               Table 2 -  Calibration curve for pit aggregates.

Sample 
No. 

Corresponding 
peeling 

percentage, [%] 

Unmixed 
aggregates 
mass, [g] 

Mixed 
aggregates 
mass, [g] 

Consume 
KOH (ml) 

Equivalence 
factor, 

r 

Consumed 
acid HF (ml) 

1 0 0 200(±0,25) 24,50 0.998 0,99 
2 10 20(±0,25) 180(±0,25) 23,50 0.998 1,97 
3 20 40(±0,25) 160(±0,25) 33,80 0.998 2,656 
4 30 60(±0,25) 140(±0,25) 22,20 0.998 3,244 
5 50 100(±0,25) 100(±0,25) 20,5 0.998 4,91 
6 100 200(±0,25) 0(±0,25) 17,20 0.998 8,144 

 
          Table 3 - Determination result. 

Pit Aggregates 

Sample 
no. 

Additive 
percent 

[ %] 

KOH, 
(ml) 

M1, 
[g] M2, [g] r Coefficient 

1+(M2-M1)/200 

Consume 
HF (1N), 

(ml) 

Exfoliated 
aggregate, 

[%] 

Adhesion, 
[%] 

Pure bitumen 
1 Specimen 20.30 200.00 198.1 0.98 0.9905 5.294993 56.39 43.61 

 
2 0.40% 21.80 200.10 197.6 0.98 0.9875 3.90305 36.83 63.17 
3 0.80% 22.10 200.30 196.4 0.98 0.9805 3.764331 34.94 65.06 
4 1% 22.30 200.10 196.1 0.98 0.9800 3.58308 32.49 67.51 

Additived bitumen with Adirol Alcamid OX additive 
5 0.40% 21.60 200.00 198.8 0.98 0.9940 3.959008 37.60 62.40 
6 0.80% 21.90 200.10 197.3 0.98 0.9860 3.838468 35.95 64.05 
7 1% 22.10 200.00 197.6 0.98 0.9880 3.601896 32.75 67.25 

 

 Determination of curve calibration for quarry aggregates 

The test results for determination of curve calibration are presented in 
table 4. 

                      
 
                       Table 4 -  Calibration curve for quarry aggregates 

 

The centralization of the results from laboratory determinations in order 
to determine the affinity between the binder and the aggregate is presented 
in table. The graphic representation of the determinations is presented in 
figure 2. 

 

 

Sample 
No. 

Corresponding 
peeling 

percentage, [%] 

Unmixed 
aggregates 
mass, [g] 

Mixed 
aggregates 
mass, [g] 

Consume 
KOH (ml) 

Equivalence 
factor, 

r 

Consumed 
acid HF (ml) 

1 0 0 200(±0,25) 24.60 0.995 0.52 
2 10 20(±0,25) 180(±0,25) 23.60 0.995 1.52 
3 20 40(±0,25) 160(±0,25) 22.00 0.995 3.11 
4 30 60(±0,25) 140(±0,25) 21.30 0.995 3.81 
5 50 100(±0,25) 100(±0,25) 19.90 0.995 5.20 
6 100 200(±0,25) 0(±0,25) 17.50 0.995 7.59 

 

 

Figure 2 - Representation of exfoliated quarry aggregates percentage. 

 

3. Conclusions 
 Analyzing the results obtained in the laboratory, centralized in 

tables 3 and 5, we can deduce that the adhesion of pure bitumen at natural 
aggregates of siliceous nature is as far below the expected limits, and only 
the use of additives for bitumen additivation leads to adhesion improvement. 

 At the determinations made with pure bitumen whatever the 
provenience of aggregates the adhesion is far below 80%, making the 
bitumen not being usable in pure state at the preparation of asphaltic    

 

mixtures. It can be observed that by introducing a percentage of additive in 
the bitumen mass the adhesion raises, exceeding in some cases 80%. 

  

The best results were obtained at the determinations made on quarry 
aggregates, where it obtained a value of 87.51%. 

 As shown in table 5, the adhesion of bitumen at the pit natural 
aggregates is very small (46.61%), by introducing of a percentage of 
additive it improves (67.51%), but remains far below under minimum limit 
of 80%. 

 The conclusion is that, by respecting the dosages, the preparation 
technology, putting in work and by using the additivated bitumen, whatever 
the provenience of the natural aggregates, it improves the adhesion between 
the binders and the aggregate. 
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1. Introduction to airport classification  

This paper is aimed to provide an insight into the roles and 
characteristics of the different classifications of airports by detailing 
a framework of airports. European airport network does not possess 
an integrated, unified and complete European airport classification 
that’s the reason why we focused on the European Union capital 
airports member states.  

The initial development of airports in the European Union was 
often determined by purely territorial considerations or, in some 
cases, military requirements. These land-use planning 
considerations may still persist in some cases, but in many others 
airports have been transferred from State to regional control, in 
some cases to be operated by public companies, or even to the 
private sector. The process of transfer to the private sector has 
normally taken the form of privatization or a progressive opening-
up of capital. [1] 
However, this development affects the EU's airports differently. The 
seven largest EU airports account for over a third of all EU traffic, 
and the 23 largest accounts for more than two thirds. Although they 
are primarily providers of infrastructure to the air transport industry, 
these airports have become highly efficient commercial operators. 
On the other hand, most small airports in the EU are still owned and 
operated by public authorities in the public interest. [2] 

The EU legislation defines three different classification system 
standards which are Decision of the European Parliament and of the 
Council, Outlook opinion of the Committee of the Regions and the 
Decision of The Commission. [3] 

2. Classification, types and categories of airports 

At the beginning it is necessary to explain the general airport 
classification, categorization and typology and their differences.  

Airports can be clustered using basic variables such as the 
number of gates, annual volume of international passengers, annual 
volume of domestic transfer passengers and annual volume of 
domestic origin-destination passengers. It is not possible to break 
down international passengers further into origin/destination and 
transfers due to data not being available. The average percentage of 
international passengers at US airports is, however, 2%, making the 
effect from international transfers likely to be neglected. 

The number of gates is to represent the overall capacity of the 
terminal system and three passenger types are used to define 
passengers served at the terminal; there is correlation, however, 

between number of gates and passenger types but they are both 
retained for classification because of the need to differentiate these 
characteristics.  

There are many ways to discuss airport types, categories and 
classifications. Some classifications are rather general in nature and 
identify airport functions without specifying design standards. 
Others identify detailed lists of facilities such as goals for airports 
with a particular functional classification. The specific classification 
system identifies airport function, primary economic role and, to a 
lesser extent, funding category eligibility, and importance for 
scientific and political transportation issues. Some of these 
differentiation criteria can be found in regulations concerning 
national airport systems. These national airport systems are 
designed for a particular geography, economic structure and the 
political goals of each country, and financed to produce maximum 
benefit from the investment. Some systems are illustrated in the 
following sections to show that categories vary to suit different 
airports and their parameters. Firstly the difference between type of 
airport and the category of the airport should be pointed out. It 
should be made clear that the typology refers to a classification 
types.[4] 

There are numerous different airport types such as rural 
airstrips, private airstrips, military airports, small community 
airports, regional airports, major city airports and hub airports. [5] 

Classifications serve as a framework for describing the existing 
function of each airport in the system and as the reference for 
evaluating how airport systems have changed their functions or are 
projected to change their functions as a result of accommodating 
forecasted demand. [6] 

Figure 1 provides a general view of the airport type, category 
and classification observing their approaches to the airport as the 
object for our study.  

As mentioned above in the evaluation process each airport is 
integrated in appropriate classification, described by its special 
categorization as well as differences between the categories and the 
type of airport which it is a part of is then introduced.   
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3. Role of classification process 

Airports contribute to meeting air transportation and economic 
necessities in different ways and at varying levels. In order to 
determine how each airport contributes and what role it plays in the 

 

Figure 1: Airport classification, categorization and type 
differentiation 

 
system, analyses of factors that typically define an airport’s role 

are evaluated. To achieve stability in evaluating airport 
requirements, the analysis has to consider both aviation and non-
aviation factors in identifying each airport’s current function in the 
system. These factors represent the following four performance 
categories: [7]  

• Activity  
• Economics 
• Accessibility  
• Facilities  
 

Within each of these categories, defining aspects are used to 
evaluate each airport’s role. Described factors are applied equally to 
all airports, regardless of the size of the airport, annual passenger 
enplanements, or type of aviation services currently offered at the 
airports. 

This evaluation process provides a means to group airports by 
functional role based on the demand for aviation in a region, as 
determined based on the application of the defining factors. 

3.1. Activity  

Appreciation considered the levels and types of aviation activity 
currently occurring at each airport. Generally an airport’s total 
number of based aircraft and the number of aircraft that are twin-
engine aircraft or larger provides an indication of the task that the 
airport represents. Additionally, higher concentrations of pilots 
usually indicate higher demand levels and greater rates of airport 
utilization. The following data measured activity supplied: 

• Total based aircraft – Higher numbers of based 
aircraft reflect the role the airport is playing in 
meeting air transportation and economic needs of the 
market area it serves.  

• Based multi-engine aircraft – Airports can be rated 
based on the number of permanently based multi-
engine aircraft.  

• Based jet aircraft – Airports can be rated based on 
the number of permanently based jet aircraft.  

• Registered pilots within a 30-minute drive time – 
Airports can be rated based on the estimated number 
of pilots within a 30-minute drive time of the airport.  

• Total annual operations – Airports can be rated 
based on the number of annual operations for their 
airport.  

 

 
 

Figure 2: Role of Classification Process [Source: Wilbur Smith 
Associates. Wisconsin State Airport Plan. Technical report 2010] 

Airport
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3.2. Economics  

As a result of the important role that airports have in supporting 
and leading economic growth, it is important to research aspects 
that could help determine the role that each airport has in supporting 
the State’s economy. The three factors considered include: [7] 

• Percent of itinerant operations to total operations – 
Higher percentages of traveling operations reflect the 
role the airport is playing in meeting air 
transportation and economic needs of the market area 
it serves. Itinerant operations are an important 
indicator because they show that users from outside 
of the local area, beyond a 30-minute market area, 
are operating at the airport. This indicates demand 
outside the 30-minute market area. 1 

• Gross regional product – Airports are analyzed by 
the total gross regional product (GRP) captured 
within a 30-minute drive time. The associated 
counties that have higher GRP were mentioned likely 
to have more demand for aviation services.  

• Retail sales – Airports can be analyzed based on the 
total retail sales captured within a 30-minute drive 
time. 2 

3.3. Infrastructures 

Airports are also evaluated based on their physical facilities. 
Airports that have longer runways and more precise approach 
capabilities, precision or non-precision, tend to play a more 
fundamental role within the airport system.3 

• Primary runway length – Airports are rated based on 
the length of the primary runway.  

• Approach types – Airports can be ranked based on 
the type of the most demanding approach 
available/published. The following categories are 
used:  

o Precision Approach (Lower than 1.2 km 
visibility)  

o Non-Precision Approach (Not lower than 1.2 
km visibility)  

o Visual Approach (Visual and/or not lower than 
1.6 km visibility)  

• Presence of ASOS/AWOS – Airports are evaluated 
based on whether or not the facility had an automated 
surface observing system (ASOS) or automated 
weather observing system (AWOS) on-site.  

1 Thirty-minute drive times are used as an indicator based on 
the FAA’s use of this measure for eligibility in the NPIAS. 

2 Thirty-minute drive times are used as an indicator based on 
the FAA’s use of this measure for eligibility in the NPIAS. 

3 Thirty-minute drive times are used as an indicator based on 
the FAA’s use of this measure for eligibility in the NPIAS. 

 

 

 

Figure 3: Evaluation Process [Source: Wilbur Smith Associates. 
Wisconsin State Airport Plan. Technical report 2010] 

3.4. Accessibility  

Airports are evaluated based on several factors that measured 
the overall accessibility of the facility to population, employment 
and the coverage of the state in terms of square miles throughout the 
state. Demand for both aviation and aviation-related services 
typically correlate with various socioeconomic/demographic 
indicators such as population and employment or business activity. 
In addition, airports within close proximity to a paved highway, 
specifically a four-lane paved highway, tend to have higher rates of 
utilization and contribute to the State’s multimodal accessibility. 
The specific accessibility measures examined include the following: 

• Populations within a 30-minute drive time – 
Airports can be rated based on block group data of 
total population within a 30-minute drive time of the 
airport.  
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• Employments within a 30-minute drive time – 
Airports can be rated based on block group data of 
total employment (jobs) within a 30-minute drive 
time of the airport. 

• Numbers of square miles within a 30-minute drive 
time – Airports can be rated based on the estimated 
number of square miles within a 30-minute drive 
time of the airport. [7] 

4. Conclusion 

Figure 3 describes the role of the evaluation process of airport 
classification used for the Wisconsin State Airport Plan 2010. As 
we can see in the Figure the evaluation process involves three 
aspects such as performance categories, defining factors and finally 
the role of each airport.  

As we can observe in Figure 3 the role of the evaluation process 
is to define airport category and airport type using performance 
categories such as activity, economics, facilities and accessibility, 
defining factors examples such as total based aircrafts, retail sales 
or approach type and definitively the role of the evaluation process.  
The evaluation process described above was applied as a part of the 
Technical Report of Wisconsin State Airport Plan in 2010. 
Nevertheless we can adapt this airport classification evaluation 
process sample for any airport using the different performance 
categories and examples of defining factors. Therefore we will 
apply some of performance categories such as activity, economics, 
accessibility and facilities from the evaluation process depicted 
above as the inspiration for the European Union Airport 
Classification Process in the future research of framework for a new 
typology of airports.  
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1. Общий подход 

     эффективное функционирование города немыслимо    
    без транспорта, как материальной отрасли городской   
     экономики, так и средства передвижения городского  
     населения.  

     Одним из показателей  жизни города является 
транспортная подвижность населения.  Для города с 
населением 600 000 тыс. человек это показатель составляет 
от 400 до 600 поездок в год на одного жителя. Это 
означает, что в среднем три раза в два дня каждый из нас 
(среднестатистический горожанин) пользуется трамваем, 
троллейбусом, автобусом или электричкой, т.е. потребляет 
так называемую транспортную  услугу, а ,значит, и все 
неприятности, видимые и невидимые, которые при всей 
своей полезности и необходимости несет своему 
пассажиру и всему населению города транспорт. При всей 
важности транспортно-дорожного комплекса, как 
неотъемлемого элемента экономики города, необходимо 
учитывать и его весьма значительное негативное 
воздействие на  среду обитания. На обеспечение БД 
затрачиваются большие материальные и трудовые ресурсы, 
при этом существует прямая и обратная связь – любое 
экономическое решение имеет прямое или косвенное 
влияние на БД и наоборот. 

 Необходимость направления капитальных вложений 
в то или другое „узкое место” в деле безопасности и знание 
их объема требует оценки ущерба народного хозяйства с 
позиций не только материального ущерба, но и позиций 
социально-экономических. 

 Многие экономисты во всем мире в своих работах 
делают попытку решения этого сложного вопроса, однако, 
законченных исследований, дающих методику 
практических расчетов, до сих пор не имеется. 

 Ущерб от ТП можно разделить на прямой и 
косвенный. Прямой ущерб определяется затратами на 
проведение поисково-спасательных работ, эвакуацию ТС и 
его восстановление, а следовательно – снижение 
производительности и фондоотдачи за время нахождения 
ТС в ремонте. Косвенный ущерб проявляется в 
перераспределении пассажиров и груза на другие виды 
транспорта из-за огласки, а также социальный ущерб от 
ТП, который не поддается строгому количественному 
измерению, а поэтому кажется менее ощутимым. 

В данной статье предлагается один из возможных 
путей оценки той части косвенного ущерба, которая 
связана с гибелью в транспортных происшествиях лиц 
трудоспособного возраста. 

2.  Риск как мера опасности транспортной системы 
независимо от того, с каким видом транспорта человек имеет 
дело, во всех случаях он проводит в нем определенную часть 

своей жизни, т.е. время. при этом они рискует жинью и 
здоровьем. 
 Существует понятие: транспортная подвижность, т.е. 
число поездок на транспорте, которое приходится в году на 
одного жителя. 
 Для таких городов эта цифра составляет от 400 до 600 
поездок. Это означает, что в среднем каждый из нас (так 
сказать, среднестатистический горожанин) три раза в два дня 
пользуется трамваем, автобусом, троллейбусом или личным 
автомобилем, потребляя так называемую транспортную 
услугу, а, значит, и все неприятности, видимые и невидимые, 
которые несет эта услуга своему пассажиру. И речь идет не о 
переполненном транспорте, интервалах движения и 
бесконечных пробках, а, в  большей степени, о безопасности 
движения, а, значит, о риске социально-экономического 
ущерба. 
 Таким образом, 
1. Мерой опасности транспортной системы с точки зрения 
безопасности движения будет риск социально-экономического 
ущерба для человека, предприятия, общества. Его можно 
подсчитать по следующей формуле:                   M 

     R = Σ Qni Yni 
i ≈ 1 

 
Где:  
Qni - вероятность особых ситуаций  
Yni – степень опасности особых ситуаций. 
2. Риск в вопросах безопасности движения выражается в 
частотных или вероятностных характеристиках. 
 Первый из них, Qni, характеризует частоту 
попаданий человека в особые ситуации разной тяжести в 
течение определенного периода времени (например, года) 
 Второй, Yni – это степень тяжести повреждений 
человека, материальных ценностей, окружающей среды,  
которые оцениваются в денежном выражении. Оценка частоты 
ведется на основе статистических данных и построения 
кривых прогноза на последующий период. 
 Представление опасностей транспортного процесса 
через риск социально-экономического ущерба позволяет 
одновременно учитывать как случайность неблагоприятных 
событий, так и неизбежность ущерба в одних и тех же 
единицах, что и затраты на их предотвращение. 
Сведение всех причин ущерба к возникновению 
неблагоприятных транспортных событий дает возможность 
принять единый механизм его образования в виде процесса 
зарождения и развития транспортного происшествия как 
перехода особой ситуации от менее опасной к более опасной с 
учетом вмешательства в этот процесс организаций и лиц по 
предотвращению и минимизации неблагоприятных 
последствий.  
 Такой подход даст возможность оценивать 
параметры, входящие в (1) и прогнозировать риск. 
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 Умение прогнозировать риск социально-
экономического ущерба делает реальным управление 
процессом обеспечения безопасности движения, цель которого 
заключается в минимизации суммарных издержек от 
объективно существующих опасностей на транспорте. 
Существуют различные методы оценки показателя Q, 
например [1,3].Мы же предлагаем методику определения 
величины Y. 
 

3. Cтоимостная оценка ущерба из-за смертности в 
дорожно-транспортных происшествиях 
трудоспособного населения 

Постановка задачи. 

  Известно, что в дорожно-транспортных 
происшествиях погибает достаточно много людей 
различного возраста. Особенно это стало характерным для 
последнего времени. Автотранспортные средства стали 
доступны практически каждому человеку, вне зависимости 
от пола и возраста. Соответственно увеличивается и 
среднее время недожития, попавших в транспортное 
происшествие людей, до пенсионного возраста. Тем более, 
что пенсионный возраст согласно принимаемого 
законодательства возрастает. Можно считать, что искомые 
экономические потери пропорциональны сокращению 
среднего числа человеколет жизни. 

Пусть ∆Т – средняя величина потерянных 
человеколет жизни в интервале возрастов у1 ……у2 
трудоспособным населением из-за транспортных 
происшествий. 

Здесь: у1 -  исходный расчетный возраст  
(20....30....40......лет, т.е. нижняя граница расчетного 
интервала), у2 - принятый в стране пенсионный возраст, 
верхняя граница расчетного интервала. 

у  -текущий возраст, принятый за расчетную 
верхнюю границу интервала. 

Цель – оценить величину ∆Т, обусловленную 
смертностью и потерей  работоспособности в результате 
транспортных происшествий. 

Теория. 

Пусть: 

l1 – число лиц, имеющих возраст у1 

- Р (у/ у1) – вероятность людей возраста у1 не 
погибнуть по другим причинам, кроме транспортных 
происшествий, не дожив до возраста у. 

- F (у/ у1) – вероятность лиц возраста у1 
погибнуть именно в транспортном происшествии, не дожив 
до возраста у. Тогда среднее потенциальное число 
человеколет жизни в интервале у1 ……у2 обозначим его 
как Т1, при отсутствии транспортных происшествий 
вообще было бы равн 

у2 

               Т1 = ∫  l1 Р (у/ у1) dy 

у1 

Cреднее потенциальное число человеколет жизни в интервале 
у1 ……у2 обозначим его как Т2, при наличии транспортных 
происшествий будет равно: 

          у2 

  Т2 = ∫  l1 Р (у/ у1) [l – F (у/ у1)]  dy 

          y1 

Тогда искомая величина ∆Т (средняя величина потерянных 
человеколет жизни в интервале возрастов у1 ……у из-за 
транспортных происшествий ) с учетом (1) и (2) будет равна: 

          ∆Т/ Т1 = (Т1 - Т2) / Т1 = 

        у2         у2 
Т1 = ∫ l1 Р (у/ у1) dy / ∫ l1 Р (у/ у1) [l – F (у/ у1)] dy

         у1           у1 
Экономические потери в целом из-за потерь трудового 
потенциала в транспортных происшествиях можно оценить 
через снижение по этой причине внутреннего валового 
продукта (ВВП):  

∆ (ВВП) = (∆Т/ Т1) * ВВП   
    

Заключение 

В настоящее время накоплен огромный банк данных по 
транспортным происшествиям, который используется далеко 
не в полной мере, в частности, в вопросах оценки, анализа и 
прогнозирования социально- экономического ущерба от 
транспортных происшествий. 
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Abstract: In the Czech Republic, there is besides to public services on the railway fully liberal approach to infrastructure – Open Access 
without any restrictions. The Czech legislation is not enacted no protection of public railway service, and are not even clear rules for the 
assembly schedule. It is still more difficult to apply results of optimization problems in periodic timetable, because there are arising 
problems with the allocation of capacity and assigning train-routes in the timetable, that negatively affect the results of the optimization and 
structure of the IPT-junctions. The use of Open Access options was recently in the Czech Republic difficult to imagine and it was perceived 
as a marginal problem, but with the gradual completion of the upgraded transit corridors and opening up possibilities of fast rail services 
begin to expand commercial projects in rail and brings them new, in our environment yet unknown problems.   
KEYWORDS: RAILWAY TRANSPORT, PUBLIC TRAFFIC, RAILWAY TECHNOLOGY, TIMETABLE DESIGNING, PERIODIC 
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1. Order of public rail services in the Czech 
Republic 

 Since 2005, rail transport in the Czech Republic 
regionalised, 14 regions is responsible for ordering regional rail 
transport, the Ministry of Transport is responsible for long-distance 
rail transport order.  
 Order of the Ministry of Transport is focused on the fixed 
interval connection between each regional capitals and other major 
residential areas in the Czech Republic.  

 Overall, in 2011 in the Czech Republic in the volume of 
procedures ordered 115 million train kilometres (train km) per year, 
of which there were: 

- about 80 million train km regional transport 
- about 35 million train km long-distance transport 
 Public transport services in the Czech Republic are 

characterized by the fact that they represent in general a 
performance for which the sum of revenues is not sufficient to 
cover costs associated with the services. 

 A feature of public rail services in the order of Ministry of 
Transport and the Regions is also the fact that it is an "open" 
system, which works across the network unified fare system, so 
there is time, space and tariff interconnection of services. A feature 
of the system is not "denial of passengers" (i.e., inability due to lack 
of transport capacity of lines), while no reservations required (no 
link between a ticket and particular train). It is natural that such a 
generally high quality parameters of public services cannot be met 
without compensation from public funds. 

 The total amount of payments from public funds went to 
compensation payments in rail passenger transport in 2011 
amounted to CZK 12.2 billion (approximately EUR 500 million), 
which accounted for: 

- CZK 4 billion - Ministry of Transport, order long-distance 
transport 

- CZK 2.6 billion - Ministry of Transport, the contribution 
of regions to regional transport order 

- CZK 5.6 billion - the total payment 14 regions, the order 
of regional transport 

 Revenue from passenger rail transportation (fare sales + 
other revenues) in 2012 totaled approximately 5.8 billion CZK. 

 The market for rail passenger services as an annual 
volume of approximately 18 billion CZK (approx. EUR 760 
million). 

 
 
 
 

2. The liberalization of the rail market in the 
Czech Republic  

 The current practice in the Czech Republic is still 
represented in rail passenger transport services by direct selecting. 
In 2009, all orderers signed 10-year contract to provide transport 
services on the railway with “national” train operating company 
(TOC) Czech Railways - the exception was a small amount of 
service performance, which contracted with other TOCs and 
contracts that are subject to previously concluded contracts. All 10-
year contracts signed in 2009 were closed by direct select. 

 In the area of direct commission to be made 
groundbreaking contest to choose the TOC as the level of Ministry 
of Transport (2005 - trains on lines Pardubice - Liberec and Plzeň - 
Most) and the level of regions (Liberec region - 2007 - "Jizerská 
dráha", "Trilex" - together with the Ústecký region and transport 
association ZVON). 

 Despite the fact that the vast majority of contracts in 
passenger rail transport has been selected directly reported by the 
Czech Republic to support the liberalization of rail transport. 

 This declaration liberalization of passenger rail market has 
two specific implications: 

1) timetable for market opening in long-distance transport, 
the opportunity to compete in selected contracts 

2) liberal access to railway infrastructure - Open Access 
 
2.1. Market opening in long distance transport  

 Market opening in long-distance rail transport should be a 
means to increase quality / price ratio in the Czech rail transport. 
Ministry of Transport expects the level of compensation, have now 
come into passenger rail services will be available in higher quality, 
or even in the higher range of service performance. A prerequisite is 
the case, it can maintain a stable long-term financing of the railway 
sector and there will be no significant changes in the amount of 
available financial performance.  

 Ministry of Transport last year published a schedule for 
market opening in long-distance rail transport ordered approved by 
the government, which has been in the Official Journal of the 
European Union notified first 5 packs performance. In March 2012 
has already been published the specifications for the first 
competition. 
 The Ministry of Transport access is clear that the priority-
driven process in which is preserved the networked public rail 
transport (in Czech and Central European scale) and will clearly set 
in advance in market access conditions, including rules on mutual 
recognition of travel documents and the use of station buildings. 
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2.2. Open-Access in the Czech Republic  
 In the Czech Republic but in addition to the above-

mentioned access to public services, there is a fully liberal approach 
to infrastructure – Open Access, without any restriction. Each TOC 
may ask the infrastructure manager (IM) for capacity and IM 
(Railway Infrastructure Administration – RIA - SŽDC) will be 
required to allocate infrastructure capacity. 

 The first project in the Czech railway network, which had 
features of Open Access approach were the SC Pendolino trains 
between Prague and Ostrava. These SC-trains operate Czech 
Railways on their commercial risks, with mandatory reservation and 
limited passenger capacity and costs for transportation of these 
trains is significantly above the level of fares on trains, which are 
ordered and form a public service. 

 The second Open Access project are the Regiojet trains of 
Student Agency company running on the route Praha – Ostrava – 
Havířov (- Žilina). Again, these are trains to TOC commercial risk, 
with mandatory reservation (seat reservation is included in the 
ticket), with limited passenger capacity, but the price for the 
carriage of these trains is comparable to fares on trains, which are 
ordered and form a public service. 

 The third Open Access project is a LEO Express, i.e. Leo 
Express trains again on the route Praha - Ostrava. As in the case of 
Regiojet in this case, the connections to the commercial risk of the 
TOC will have to provide mandatory seat reservation will have a 
limited capacity for passengers. 

 In this battle TOCs, which in the European area of the 
railway is unprecedented, Ministry of Transport while trains 
terminated the order of "Express" at relation Praha - Ostrava, and 
even these trains and operate railway on their commercial risks, and 
these connections are still maintained the basic features of public 
services (i.e. uniform network fare, no need for reservations). 
 Less than one year of sharp competition between three 
different TOC´s has been indicated, that commercial Open-Access 
services are very unstable in time. Changing time position of the 
trains, changing and different stops, variable and unstable number 
of connections etc., such services cannot be reasonably 
operationally integrated into the open transport system. 
 

3. Interaction between public services and Open-
Access Projects  

 The Czech legislation is not enacted no protection of 
public railway service, and not even a clear set of rules for the 
timetable designing. Among the biggest risks of unregulated Open 
Access include damage to public service both in terms of yields and 
the functionality. 

 

3.1. Protection of public services  
 In the case of the Czech Republic can be shown that Open 

Access products don´t pose a risk to public service when Open 
Access product: 

- offers transportation service, which on the market of 
public services doesn´t exist (e.g. in relation to the right 
where there is no pronounced spatial and temporal 
overlap with the public subscribed services) 

- represents an above-standard services to the public (i.e. it 
is a "premium products" fundamentally different from 
public services, higher levels of different tariff) 

- constitutes a separate market segment addressing a 
different group of passengers, than public services (e.g., 
EuroNight trains) 

 In other cases it happens that Open Access is a product of 
a greater or lesser degree is offered concurrently with the public 
service, which has a negative impact on the economy of public 
service. The negative impact is mainly due to the fact that all Open 

Access products have a limited capacity, which is for the entire 
operating period offered as a constant. The problem of peak hours 
the Open Access products solve by refusing the passengers (seat 
reservations are available only with a bigger advance) or dynamic 
fare (the discount during off-peak hours). This leads to an increase 
the offer imbalance during peak and off-peak hours. By leaving 
passengers the public service primarily in off-peak hours, while 
during the peaks the passengers remain in a system (as a public 
service ambitions is no rejection of the passengers), worsens the use 
of terms and therefore the balance of costs and revenues - as part of 
income "leaves" with Open Access product, the cost of public 
services remain.  
 The pursuit of maximum load-factor leads to dramatic 
price wars between TOC´s, so fares in selected cases (purchase well 
in advance, travelling in the off-peak hours) decreased by up to a 
third of the original value. This short-term passenger-friendly state 
but also leads to a decline in yields in the ordered transport, the 
declining profitability leads to a limitation of the scope of public 
services, despite the fact, that services of commercial TOC´s do not 
substitute the ordered service. 

 This phenomenon is evident in the Czech Republic on the 
Praha - Ostrava line (or a significant part of the route between Praha 
and Olomouc). If the result of worsening economic balance would 
be the reduction of public services, then the passengers in public 
transport system are “injured”, which Open Access products 
provides no benefit. 

 Another phenomenon that in the Czech Republic fully 
demonstrated, is the need to maintain profitable (or self-financed) 
segments in the ordered public transport. With the development of 
Open Access products is a response of the orderer, that (partially) 
"parallel" public service ceases to order - it is not a market for those 
sectors that require either minimal compensation, or are sometimes 
even profitable. This step starts to considerably worsen the balance 
of costs and revenues in the ordered service, increasing the amount 
of compensation a relative train km and begins to spiral spin 
reduction of public services which, although partially replaced, but 
that do not provide a complete substitute for the cancelled public 
services (connection ticket / train, limited capacity, different stop 
strategy, lack of guarantee of performance over time), there is 
actually an overall deterioration in public services, despite the fact 
that the selected market segments benefit from free competition. 
 

3.1. Timetable designing  
 In the timetable construction is the interaction between 
public services and Open Access products undefined. When 
allocation of railway infrastructure capacity occurs, public services 
take priority over Open Access products. The very act of "capacity 
allocation" in Czech conditions only means, that the infrastructure 
manager declares the constructability of schedule - that is required 
to route the train will be in the timetable. Once capacity is allocated, 
the procedure of the timetable construction proceeds after train-
category, so much of the public service finds himself suddenly in 
order for Open Access products.  

 Much of the ordered passenger transport in the CR is 
ordered in the mode of periodic timetable, where a large influence 
on the functionality of the system has just achieving the system 
travel time. If the train paths of regional- and interregional trains in 
periodic timetable are distorted by Open Access products, which 
fully complies with the rules applicable in the Czech Republic, so it 
can occur extending the travel time and the decay of the connecting 
links ordered transport services (when both these factors affect the 
amount of revenues) but in extreme cases can extend travel times 
such that an extension of the circulation of rolling stock - missing 
the turn in the end station (with an impact on the cost of public 
services). 
 Extensive commercial Open Access services without any 
regulation cause outside economic factors negatively in the 
operational level too. Frequent mutual trains overtaking, high 
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timetable heterogeneity, all this leads to a huge consumption of the 
capacity of railway infrastructure and to the negative effects on 
travel times in ordered services. In passenger transport decreases 
the timetable stability and it leads to a degradation of functionality 
of the periodic timetable. In freight transport arise the problem that 
on the exposed lines cannot be assigned the capacity for freight 
trains in peak hours. This situation is intolerable and is clearly the 
failure of the regulatory functions of the state. 
 

4. Conclusion  
 The use of option Open Access was recently in the Czech 
Republic difficulty imaginable perceived as a marginal problem, in 
which the Czech legislators mistakenly assumed that there will 
never come. With the gradual completion of the railway transit 
corridors and opening up possibilities of fast rail services begin to 
expand commercial projects in rail and brings them new, in our 
environment yet unknown problems and risks for the functioning of 
public services and their sustainability over time. 

 This problem can occur anywhere, where time-
competitive rail infrastructure with other transport modes exist, the 
IM picks low charges for its use, and together with this facts they 
are legislatively weak regulatory elements. 

 While a regular bus public services in the Czech Republic 
are protected (within the licensing procedure), the railway remains 
without protection, which together with the limited capacity of 
transport infrastructure results in a significant problem of public 
services on the railway. It is obvious that free and unregulated 
market of Open Access products is necessary to streamline and 
regulate so as to avoid direct damage to public services (both on the 
revenue side and on the cost side).  
 Among the major problems is, that this unstable system 
cannot be operationally optimized. Its time-variability also 
invalidates the results of the optimization steps in the ordered 
transport. Although from this system profit short-term the 
passengers in few lines, the public transport system as a whole is 
due this non-regulation devaluated. 

 It is also apparent that the exclusion of above-average 
yield of ordered relations services to the commercial sector Open 
Access products is significantly devastating impact on the scope 
and level of public services. 

 The Czech Republic under the protection of public 
services market will have to go the way of concessions and 
exclusive rights which to compete and only profitable sectors of the 
market (with its subsequent closure of the other candidates), as well 
as maintaining the exceptionally lucrative segments in the public 
service. It is clear that regulation of this process will quickly be 
feasible and also problematic with regard to the fact that private 
investors invest in the development of Open Access products, 
considerable resources. Control of Open Access in order to protect 
public services so will be certainly delicate issue. 

 Finally, it is necessary to separate the issue of Open 
Access, which is free competition in the market of transport 
services, from the issue of regulated competition, where 
competition takes place at the level of TOCs to obtain public 
contracts for public service. It would be a great pity that due to 
difficulties with Open Access products in the Czech Republic 
generally hated the environment, liberalization of public services in 
rail transport. 
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Abstract: The paper presents the development of a simulation model of a car for the research of its controllability under the influence of a 
sudden gust of crosswind, viewed as a mechanical system with three stages of freedom. The parameters of the mechanical system, consisting 
of ideal solid body are determined. A model of three differential equations is obtained, which describes the translational movement along the 
horizontal transversal axis, and the rotary motions respectively around the vertical and the horizontal longitudinal axes. The acceleration 
functions are obtained, the linear transversal velocity, the two angular velocities and the rotation angle are determined. The simulation 
model is created by MATLAB and its toolbox SIMULINK. Some results are given and analyzed for six locations of the mass centre, which 
show the influence of the mass centre location upon the car controllability. 
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1. Introduction 
 
Until the advent of computers, analysis can be divided into two 

areas - theoretically and experimentally. The numerical modelling 
is a separate direction, apart from the first two, though it has its 
aspects that rather complement them or even replace them. 
Numerical modelling does not have the roughness of the strict 
mathematical analysis, although it is based on the fundamental 
mathematical analysis in the construction of equations for 
numerical solution. This makes it closer to the experimental 
analysis, retaining many of its disadvantages. To research the 
controllability of a car through simulation models, the analyser at 
start-up of the computer, can monitor the processes the same way 
as with the experimental models. During the simulation, 
"experiments" are performed with a specific configuration of the 
machine with determining of the effects by changing various 
parameters on its work, and the advantage in relation to the 
experiments is that the system configuration is changing without 
additional manufacturing or processing. With the simulation 
models it is not necessary to watch for the installation and 
connection of measuring instruments, since there is constant access 
to all places in the machine. 

On the other hand, the model will always be an approximation 
of reality, and can not completely replace physical experiments and 
theoretical analysis. Therefore, the simulation results [6, 7] require 
confirmation of practical results, to which are dedicated a number 
of issues about controllability of cars [1, 2, 3, 4, 5]. 

The main objective of this work is to investigate the influence 
of the mass centre location in a vertical longitudinal plane on the 
parameters of controllability of a car with impact of a sudden gust 
of crosswind, examined with the established simulation model as a 
mechanical system with three degrees of freedom [7]. 

 
2. Formulation of the problem 
 
When building a mechano-mathematical model to analyze 

controllability of a car, as in most cases, the following assumptions 
are taken [2, 7]: the movement is through a horizontal surface with 
a specified speed, the steering wheels are set for a rectilinear 
motion, the vertical displacements and rotations of the chassis in 
relation to the transverse axis are absent; the redistribution of the 
normal load on the wheels is ignored, the resulting motion consists 
of rotation around the vertical axis, lateral movement and heel of 
the masses located above the springs. 

For small deviations of the car from its rectilinear motion is 
assumed that the external forces are proportional to the linear and 
angular displacements and their derivatives. 

Instead of the heel axis, joining the centres of the front and rear 
suspension heel, another axis is selected that is parallel to the 
supporting surface and lying in the longitudinal vertical plane of 
symmetry. The new axis passes through the intersection of the 

vertical line that runs through the mass centre, with the axis of the 
heel [2]. The intersection O is considered to be the beginning of the 
coordinate system and the basic kinematic, geometric and mass 
parameters of the mechanical system; these are shown in Fig. 1. 

 

 
 

Fig. 1. Coordinate system of a car with three degrees of freedom: I and II - 
front and rear heel centers; m - mass of the car; ms - suspended masses; mu - 

unsprung masses 
 

 
Fig. 2. Forces and moments acting on the car with three degrees of 

freedom: I - axis of the heel 
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With the thus chosen coordinate of origin, just below the mass 
centre of the car, the latter is exemplified by two concentrated 
masses ms and mu, arranged so that the sum of their moments in 
relation to the mass centre of the car is equal to zero. The system in 
hand has only three degrees of freedom and for independent 
coordinates are taken the transverse velocity V, [m / s], the angular 
velocity along the vertical axis r, [rad / s] and the heeling angle φ, 
[rad].  

The forces and moments acting on the car, viewed as a 
mechanical system with three degrees of freedom, and their 
indications are shown in Fig. 2. 

Lateral force Y, [N] and moments N and L in [Nm], 
respectively, around the vertical and longitudinal axes caused by 
the action of crosswind on the car are presented in Fig. 3. 

 

 
 

Fig. 3. Forces and moments generated by the action of crosswind on the car 
 
To determine the aerodynamic forces and moments, the results 

of the coordinate system used for measurements in wind tunnels are 
brought forth to the adopted coordinate system. The lateral force 
and moments around the vertical and longitudinal axes caused by 
the action of the crosswind, are determined by the formulas 
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where   is the air density, [kg/m3]; 

2 2
wU U V   - the relative speed of the air flow [m/s]; 

U - the velocity of the coordinate origin in the direction of the axis 
Ox, [m/s]; 

wV  - the lateral speed of the air flow, [m/s]; 

A - the cross sectional area of the car, [m2]; 

YC , C , C   - the aerodynamic coefficients, respectively of the 

lateral force, the steering moment and the moment of heel; 
l, t - distances between axles and wheels of the car, [m]; 
xw, zw, - the distances in the longitudinal and vertical directions of 
the adopted the coordinates of the origin and the point O  (Figure 
3), which is the origin of the coordinate system for the 
measurements in wind tunnel [m]. 

3. Differential equations 
 
Based on the adopted above assumptions and symbols, the 

differential equations system can be written in the following form 
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where the right sides of the equations are the active forces and 
moments represented as linearly dependent on the coordinates and 
their derivatives, except those obtained by the action of crosswind 
shear Y, [N], the moment about the vertical axis N, [Nm] and time 
around the longitudinal axis L, [Nm]. 

From the differential equation system (4), after the 
transformation are obtained functions of the three accelerations 
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The coefficients of shear forces, representing their private 
derivatives in relation to the generalized coordinates are calculated 
by the formulas 
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where U is the velocity of the mass centre along the axis Ox,, [m/s]; 

fC , rC , - the coefficients of the lateral drag of the front and rear 

wheels [N/rad]; 
a, b - the distances from the mass centre to the axis of the front and 
rear axle [m]; 

'

'
f

f

Y






- the coefficient of lateral force on the front wheels of the heel 

of the front suspension [N/rad]; 
'
f





 - the coefficient of the front suspension heel along the chassis 

heel; 

r  - the coefficient of the rear wheels steering due to the heel. 

The coefficients of the moments around the vertical axis, 
representing their partial derivatives in relation to the established 
coordinates are 
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where 
   

,
f r

AT AT

 

 

 
 are the coefficients of stabilization 

moments, respectively of the front and rear wheels of the corners of 
their lateral drag [Nm/rad]; 

The coefficients of the moments around the longitudinal axis, 
representing partial derivatives in relation to the angular velocity 
and the angle of heel are 
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where ,
f r

L L
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 are coefficients of damping moments 

respectively of the front and rear suspension [Nms/rad]; 

,
f r

L L

 
 
 

 - the coefficients of the moments resulting in 

deformation of the elastic elements, respectively on the front and 
rear suspension [Nm/rad]. 
 

4. Computer modeling 
 
The integration of the system of the three functions of 

acceleration is performed with Simulink in MATLAB, by taking 
full advantage of formalization [6, 7]. 

For better efficiency the work is carried out by three windows: 
1) MATLAB Editor/Debugger, where the values of the 

parameters are assigned and the preliminary estimates of the 
parameters and the coefficients involved in the functions of 
acceleration are calculated; 

2) Simulink, where in parametric form the simulation model is 
built, presented in Fig. 4; 

3) MATLAB Workspace, where the text file from MATLAB 
Editor/Debugger is launched and the results from the simulation  are 
visualized, by using the options on the "plot". 
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Fig. 4. Simulation model to study controllability of a car under the crosswind  

The model provides visualization only of the state variables 
but practically it is possible for each point of the diagram. 

 
5. Simulation results and analysis 
 
With the thus created simulation model numerical experiments 

are performed for the six positions of the center of gravity of the 
car: at two heights and at three locations in the longitudinal 
direction, presented in Table 1: 
     Table 1 

Location 
№ 

h, 
[m] 

a, 
[m] 

b, 
[m] 

1 0,3 0,8 1,3 
2 0,3 1,05 1.05 
3 0,3 1,3 0,8 
4 0,5 0,8 1,3 
5 0,5 1,05 1,05 
6 0,5 1,3 0,8 

 
The results of the numerical experiments for the transverse 

velocity V, the angular velocity r and the angular velocity dφ / dt, 
and the heeling angle φ, are presented graphically in Fig. 5, ..., 12. 

From the graphically presented results for transverse velocity 
in Fig. 5 and 6 the following conclusions are drawn: 

1) When the mass centre of the car is positioned behind the 
middle of the clearance (locations 3 and 6), a large negative value 
out of the transverse velocity is received, which increases in value 
by increasing of h (location 6), the transition process is with the 
longest duration and with aperiodic character. 

2) When the mass centre of the car is positioned in the middle 
of the distance between the axes, a less negative set value of the 
transverse speed is obtained, and the transition process is of short 
duration, and with periodic characteristic (locations 2 and 5).  

3) When the mass centre of the car is positioned in front 
midway between the axles, a small but established positive value of 
the transverse velocity is obtained, and the transition process is with 
the shortest duration and with periodic character (locations 1 and 4). 
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Fig. 5. Transverse vehicle speed with pulse effects of crosswinds for locations 
of mass centre 1, 2, 3 

 

0 1 2 3 4 5 6 7 8-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

t,[s]

V
,[m

/s
]

 

 

4
5
6

 
 

Fig. 6. Transverse vehicle speed with pulse effects of crosswinds for locations 
of mass centre 4, 5, 6 
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From the graphically presented results for the angular velocity 
around the vertical axis of the car in Fig. 7 and 8 following 
conclusions can be drawn: 
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Fig. 7. Аngular velocity relative to the vertical axis of the vehicle with pulse 
effects of crosswinds for locations of mass centre 1, 2, 3 
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Fig. 8. Аngular velocity relative to the vertical axis of the vehicle with pulse 
effects of crosswinds for locations of mass centre 4, 5, 6 

 
1) With the mass centre of the car positioned behind midway 

between the axles (positions 3 and 6), the most positive set value of 
angular velocity around the vertical axis of the vehicle is obtained, 
which increases with increasing h (location 6), and the transition 
process is with the longest duration and with aperiodic character.  

2) With the mass centre of the car positioned in the middle of 
the distance between the axles of a vehicle, a small positive set 
value of angular velocity around the vertical axis of the vehicle is 
obtained, and the transition process is with a shorter duration and 
with periodic character (locations 2 and 5). 

3) With the mass centre of the car positioned in front midway 
between the axles of the car, the smallest positive set value of 
angular velocity about the vertical axis of the vehicle is obtained, 
the transition process is with the smallest duration and with periodic 
character (locations 1 and 4). 
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Fig. 9. Heel angle of the car with pulse effects of crosswinds for locations of 
mass centre 1, 2, 3 
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Fig. 10. Heel angle of the car with pulse effects of crosswinds for locations of 
mass centre 4, 5, 6 
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Fig. 11. Phase portraits of the movement of the heel of the car with pulse 
effects of crosswinds for locations of mass centre 1, 2, 3 
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Fig. 12. Phase portraits of the movement of the heel of the car with pulse 
effects of crosswinds for locations of mass centre 4, 5, 6 

 
From the graphically presented results for heeling angle in Fig. 

9 and 10, and from the phase portrait of the movement of the heel - 
Fig. 11 and 12, the following conclusions can be drawn: 

1) With mass centre of the car positioned behind midway 
between the axles of the car (positions 3 and 6), the highest negative 
set value of the heeling angle is received that increases in value with 
increasing h (location 6), the transition process is with the longest 
duration. 

2) When the mass centre of the vehicle is positioned in the 
middle of the distance between the axles of a vehicle, a small 
positive value of the heeling angle is received (location 2), that 
decreases with the increasing of h (location 5), the transition 
process is of short duration and with periodic character (locations 2 
and 5). 

3) With mass centre of the car positioned in front midway 
between the axles of the car, the most positive set value of the 
heeling angle is received, the transition process is with the smallest 
length and with periodic character (locations 1 and 4). 

4) The increasing of h leads to decrease in value of the 
maximum angular velocity of the heel, and increase of the 
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minimum angular velocity of the heel, and also leads to increase of 
the transition process duration. 
 

6. Conclusion 
 
With the here presented research with the established 

simulation model in MATLAB with Simulink environment of the 
parameters that characterize the controllability of a car, seen as a 
mechanical system with three degrees of freedom, under the impact 
of a sudden gust of crosswind the following conclusions can be 
drawn: 

1) With pulse effect of a sudden gust of crosswind the 
parameters of controllability of the car significantly depend on the 
location of its mass centre in the longitudinal direction as well as in 
the vertical direction.  

2) The simulation model for research of the controllability of 
car under the influence of a sudden gust of crosswind can be used 
both in designing new cars and in parameter analysis of 
controllability of the existing two-axle vehicles. 

3) The simulation model for research of the controllability of 
car under the influence of a sudden gust of crosswind can be used 
for the training of students. 
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