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DETERMINATION OF THE PHYSICAL PROPERTIES OS SLAINE WATER AT
DIFFERENT TEMPERATURES AND CONCENTRATIONS
PhD. Ghallab A.O.1, BSc. Elnahas M. H. 2
Faculty of Engineering – Cairo University - Egypt 1,2
ayatossama4@eng.cu.edu.eg1
Abstract: A quick and accurate determination of the physical properties of seawater represents an important aspect of research dealing
with processes that involve wide variations in temperature, pressure, and concentration. The physical data should be cast in a form readily
compatible with the development of mathematical models associated with the synthesis and optimization of industrial processes involving
heat and mass transfer operations on seawater. In this work, previously reported experimental data pertaining to the variation
of seawater physical properties are correlated into simple empirical mathematical forms enabling their straight forward inclusion
into mathematical models associated with seawater and brackish water desalination.
Keywords: PHYSICAL PROPERTIES, SALINE SOLUTION, SEA WATER, BRACKISH WATER

Table 2: Water Antoine's Constants

1. Introduction

A
B
C

Getting the physical properties of seawater has always been a
problem for researchers who work on any process that involves
wide variations of temperature and concentration. These properties
are very important in developing and optimizing mathematical
models, which should be as accurate and efficient as possible. These
data are essential for many industrial processes like seawater
desalination or other processes that involves heat or mass transfer.
In this work, experimental data for the variation of some physical
properties of saline water with temperature and concentration were
used to get empirical mathematical correlations that are used in
mathematical models for water desalination or any other process
that involves changes in these variables.

,

(1)

Where P0 -the vapor pressure of pure

water (mmHg), T - the water temperature (K).
Table 3: Vapor Pressure of Sea Salt Solutions

2. Physical Properties
2.1. Vapor Pressure
Experimental data for the variation of water vapor pressure with
both temperature and concentration from three different sources are
compared [1,3,4,6], and then one set of data are used to get a
mathematical correlation.
Stoughton and Lietzke [1] made some experimental work,
resulted in a relation between the concentration of salts in water and
the ratio between the vapor pressure of sea salt solutions and pure
water at any temperature as shown in Table 1. Their work was
implemented by calculating the values of the vapor pressures of salt
solutions using Raoult’s Law and comparing it to experimental
results and fitting the results to get the relation that is independent
of temperature. They worked at a temperature range from 25°C to
175°C and at concentrations up to 28.2% of salts by weight.
Table 1: Relation between water salinity and the vapor pressure of saline
solution and pure water [1]
S*102
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-0.0089
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3.841625

3.672104

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
110
120
130
140
150
160
170
175

6.390711335
9.041602585
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627.3083
886.8882
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3830.32
4910.25
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P0 (mmHg)

P (mmHg)

Another set of experimental data was obtained by Arons and
Kientsler in 1954 [3] based on a previous work of Higashi [4]. They
got the values of vapor pressure at a temperature range from 0°C to
175°C and chlorinity range from 0 to 160 parts per thousand in the
form of vapor pressure lowering from values of pure water. The
results were obtained using a differential manometer that compares
the vapor pressures between two samples, pure water and a salt
solution, in two different cells. According to Wooster, Lee, and
Dietrich [5], the relation between salinity and chlorinity is given as
follows.

Where P - the vapor pressure of sea salt solution, P0 -vapor
pressure of pure water, S - salinity (the salt content in mass
fraction).
Antoine’s constants [2] of pure water, which are used in
Antoine’s equation to relate the vapor pressure to the temperature,
were obtained as shown in Table 2. The vapor pressure of sea salt
water was calculated at the given concentrations at a temperature
range from 0°C to 175°C. The results are shown in Table 3.

(2) S=1.80655×10-3 Cl, where Cl - chlorinity
The actual values of vapor pressures versus temperature at
different chlorinities and salinities are shown in Table 4.
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Table 4: Vapor Pressures of Sea Salt Solutions[3]
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69.665

287.24
284.83
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272.63
268.13
264.13
259.13
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656.94
642.94
624.94
608.94
589.94
571.94

1731
1719.6
1706.7
1691.4
1674.2
1654.5
1632.7
1608.7
1583.7
1556.7
1523.7
1492.7
1453.7
1423.7
1375.7
1332.7

3553.8
3531.3
3506.5
3477.8
3444.3
3404.3
3359.3
3315.3
3264.3
3209.3
3147.3
3086.3
3004.3
2942.3
2850.3
2750.3

6670.9
6631.3
6585.9
6535.9
6476.9
6405.9
6329.9
6246.9
6152.9
6063.9
5954.9
5835.9
5703.9
5588.9
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Fig.2 Vapor Pressure of Salt Solutions at 50°C

The third set of experimental data obtained by Hassan in 1979
[6] directly links the vapor pressure to the temperature and
concentration of saline water. Her experimental work was done
using water and NaCl solution in a wetted-wall column and a
packed column. Table 5 shows the values at temperature range from
0°C to 110°C and salinity from 0 to 0.25.
Fig.3 Vapor Pressure of Salt Solutions at 100°C

Table 5: Vapor Pressure of Sea Salt Solutions [6]
S*102
T,oC
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4.6
9.2
17.5
31.8
55.3
92.5
149.5
233.8
355.5
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760
1075

4.5
9.1
17.3
31.4
54.5
91.2
147
230
350
517
748
1057

4.4
8.9
17
30.9
53.6
89.7
145
226
344
509
736
1040

4.4
8.8
16.7
30.4
52.7
88.1
142
222
338
500
723
1022

4.3
8.6
16.4
29.8
51.7
86.4
1407
218
332
491
710
1003

4.2
8.4
16.1
29.2
50.7
84.7
137
21
325
481
695
983

4.1
8.2
15.7
28.5
49.5
82.8
134
209
318
470
680
961

3.8
7.7
14.8
26.8
46.6
78.1
126
198
301
445
643
911

3.5
7.1
13.6
24.7
43
72.2
117
183
279
414
599
849

It may be concluded from Figures 1-3 that at high salt
concentrations the data of Stoughton and Lietzke diverges from the
compared sets of data, while at relatively low salt concentrations the
results are very close. Accordingly, either the data of Kientsler and
Aronor or F. Hassan may be used. The data of F. Hassan, being
slightly more conservative will be correlated in the following
section. This data will be fitted for a temperature interval between
30°C and 100°C, and for a salinity of 0 to 0.05.
Data fitting was executed using MS-Excel on two steps. The
first step was to fit the data into three third order polynomial
equations, one for each concentration (equation (3)). Figure 4 shows
the three curves from which the three polynomial equations where
obtained.

A comparison between the three sets of data was done to choose
the most suitable one that can be used in any mathematical model.
Figures 1-3 show the values of vapor pressure versus concentration
for the three data sets, each figure is plotted at different
temperatures, 0°C, 50°C, and 100°C, which are the common
temperatures in the three sets.

Figure 4 Vapor Pressures of Sea Salt Solutions vs. Temperature at three
concentrations

(3)
Table 6 shows the values coefficients of the A, B, C, and D.
Table 6: Coefficients of Vapor Pressure’s Polynomial Equation vs.
Temperature
S*102
0
2.5
5
Coefficients
A
1643
1624.5
1600.5
B
-1498
-1493
-1469.9
C
704.63
703.37
693.39
D
-90.096
-90.417
-89.086

Fig.1 Vapor Pressure of Salt Solutions at 0 °C

The second step in data fitting is to obtain a relation between
these constants with the salinity of water, illustrated in Figure 5.
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2.3. Density
Isdale and Morris [8] tested the variation of the density of saline
water with temperature and salinity experimentally. The data
includes his experimental work in addition to selected values from
the literature to cover a wide range of salinity and temperature.
These values are shown in Table 10.
Table 10 - Density of Sea Salt Solutions [8]
S
T
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180

Fig.5 Coefficients of Vapor Pressure’s Polynomial Eq. (3) vs. Temperature
and Salinity

Vapor pressure can thus be calculated from equation(4):
(4)

The coefficients of the new polynomial equation are shown in
Table 7.
Table 7: Coefficients of Vapor Pressure’s Polynomial Equation vs.
Temperature and Salinty
Coefficient of S2
Coefficient of S1
Coefficient of S0
A
-0.0044
-0.00063
0.001643
B
1.448
-0.0162
-0.1498
C
-69.76
1.24
7.0463
D
1321.6
-45.88
-90.096

0.01

0.03

0.035

0.05

0.07

0.09

1005.8
1002.8
999.2
995
990.2
984.9
979
972.7
965.8
958.5
950.7
942.4
933.8
924.7
915.2
905.4
895.3

1020.8
1017.6
1013.9
1009.7
1004.9
999.5
993.7
987.4
980.6
973.3
965.7
957.6
949.1
940.3
931.1
921.6
911.7

1024.5
1021.4
1017.7
1013.4
1008.6
1003.2
997.4
991.1
984.3
977.1
969.4
961.4
953
944.2
935.1
925.6
915.8

1035.9
1032.6
1028.8
1024.5
1019.6
1014.3
1008.4
1002.1
995.4
988.3
980.7
972.8
964.5
955.9
946.9
937.7
928.1

1051.2
1047.8
1043.8
1039.4
1034.5
1029.1
1023.2
1017
1010.3
1003.2
995.8
988
979.9
971.4
962.7
953.7
944.4

1066.7
1063.1
1059
1054.4
1049.4
1044
1038.1
1031.8
1025.2
1018.2
1010.9
1003.2
995.2
987
978.5
969.7
960.6

The data fitting was executed using MS-Excel on two steps. The
first step was to fit the data into six third order polynomial
equations, one for each concentration in the table to get a relation
between the density and temperature for each concentration, shown
in Figure 6.

2.2. Specific Heat
Experimental data by Millero et al. [7] for the variation of the
specific heat capacity of saline water with temperature and salinity
is used to get a mathematical correlation. The specific heat variation
with temperature for a range from 0°C to 40°C for salinities up to
0.04 using heat capacity calorimeter was obtained, shown in Table
8.
Table 84: Specific Heat of Sea Salt Solutions
S*102
T,oC
0
20
40
60
80
100
120
140
160
180

0

20

35

40

60

80

100

120

140

160

180

4.2
4.2
4.2
4.2
4.2
4.2
4.3
4.3
4.3
4.4

4.1
4.1
4.1
4.1
4.1
4.1
4.1
4.2
4.2
4.3

4
4
4
4
4
4
4.1
4.1
4.2
4.2

4
4
4
4
4
4
4
4.1
4.1
4.2

3.9
3.9
3.9
3.9
3.9
3.9
4
4
4
4.1

3.8
3.8
3.8
3.8
3.8
3.8
3.9
3.9
3.9
4

3.7
3.7
3.7
3.7
3.7
3.8
3.8
3.8
3.9
3.9

3.6
3.6
3.6
3.7
3.7
3.7
3.7
3.7
3.7
3.8

3.5
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.7
3.8

3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.6
3.6
3.7

3.4
3.4
3.4
3.4
3.4
3.5
3.5
3.5
3.5
3.6

Fig.6 Density of Sea Salt Solutions vs. Temperature

At any of these salinities, density can be calculated from
equation (6):
(6)
Table 11 shows the coefficients of the polynomial equations for
six different salinities.
Table 61: Coefficients of Density’s Polynomial Equation vs. Temperature
S
Coeff
A

The data was fitted into a sixth order polynomial equation by
multiple polynomial regression. The coefficients of the equation are
shown in Table 9.

B
C

(5)
D

0.01

0.03

0.035

0.05

0.07

0.09

3
E-06
-33
E-04
-1406
E-04

3
E-06
-32
E-04
-1591
E-04

3
E-06
-32
E-04
-1613
E-04

3
E-06
-3
E-03
-1799
E-04

3
E-06
-29
E-04
-2031
E-04

3
E-06
-27
E-04
-2338
E-04

1009.9

1025.5

1029

1040.7

1056.4

1072.4

Table 95: Coefficients of the Polynomial Equation of the Specific Heat vs.
Temperature and Salinity
0
0

4.21

1

-6.66

2

14.38

3

-40.4

S(i)

1
-1.18
E-03
5.62
E-02
-2.7
E-01
2.50
E-01

4

379.7

-1.38

5
6

-1692
2920

2.434

2
1.50
E-05
-5.77
E-04
2.45
E-03
-3.00
E-04
1.40
E-03

T(j)
3
-5.73
E-08
1.79
E-06
-7.29
E-06
-4.61
E-07

4
5.28
E-10
-4.25
E-10
2.47
E-10

5
-2.27
E-12
6.72
E-13

The second step is to fit the coefficients B, C, and D obtained in
the first step into three third order polynomial relations with the
temperature of the water. There was no need to fit the coefficient A
into an equation as it is constant with the concentration. Figure 7
illustrates those curves.

6
3.75
E-15

5

Table 15: Thermal Conductivity of Sea Salt Solutions [10]
S*102
T
0
20
40
60
80
100
120
140
160
180

Figure 7 - Coefficients of Density’s Polynomial Equation s. Temperature
and Salinity

The final correlation takes the following form:
(7)

The coefficients are shown in Table 12.

B
C
D

Coefficient
of S3
-22.001
266.78
58595

Coefficient
of S2
1.5311
-20.898
-3957.3

Coefficient
of S1
-0.0332
-0.3121
866.48

S(i)

0.01

0.03

0.035

0.05

0.07

0.09

0.11

0.13

0.15

1.02
0.81
0.67
0.56
0.48
0.41
0.36
0.32
0.29
0.26
0.24
0.22
0.20
0.19
0.17
0.16
0.15

1.06
0.85
0.69
0.58
0.5
0.43
0.38
0.34
0.3
0.28
0.25
0.23
0.21
0.2
0.18
0.17
0.16

1.04
0.86
0.7
0.59
0.5
0.44
0.39
0.34
0.31
0.28
0.25
0.23
0.22
0.2
0.19
0.17
0.16

1.11
0.88
0.73
0.61
0.52
0.46
0.4
0.36
0.32
0.29
0.26
0.24
0.22
0.21
0.19
0.18
0.17

1.16
0.93
0.76
0.64
0.55
0.48
0.42
0.38
0.34
0.31
0.28
0.26
0.24
0.22
0.21
0.19
0.18

1.22
0.98
0.80
0.68
0.58
0.51
0.45
0.4
0.36
0.32
0.3
0.27
0.25
0.23
0.22
0.20
0.19

1.29
1.03
0.85
0.71
0.61
0.53
0.47
0.42
0.38
0.34
0.31
0.29
0.27
0.25
0.23
0.22
0.20

1.36
1.09
0.9
0.75
0.65
0.56
0.5
0.44
0.4
0.36
0.33
0.31
0.28
0.26
0.24
0.23
0.22

1.44
1.15
0.95
0.8
0.68
0.6
0.53
0.47
0.42
0.38
0.35
0.32
0.3
0.28
0.26
0.24
0.23

1.6704

1

0.792

2

55

-1.4265

3

-239.5
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4
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S(i)

4
4.62
E-08
6.15
E-08
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E-08
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699
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700
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541
581
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665
682
694
702
705
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5
-1.59
E-10
-1.16
E-10

1

0 570.893

1.77376

1 -134.11

1.95142

2 -941.08

-5.23
E03

3 16714.9

226.994
-1971

2
-7.57
E-03
7.092
E-03
-15.36
E-03
76.176
E-03
-60.98
E-03

T(j)
3
-1.2
E-05
-9.8
E-05
-2.5
E-04
7.94
E-04

4
3.0797
E-07
7.1038
E-07
2.3667
E-07

5
-1.90
E-09
-1.74
E-09

6
4.015
E-12

5112.74
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Table 84: Coefficients of Viscosity’s Polynomial Equation vs. Temperature
and Salinity
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557
593
623
647
666
680
689
694
694
689

Determination of different physical properties of sea water
solution is essential for many industrial processes. Different
mathematical correlations of the vapor pressure, specific heat,
density and viscosity of saline water at different temperatures and
salinities have been obtained, based on previous experimental data.
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T(j)
3
7.43
E-06
-1.18
E-05
-3.57
E-05
5.12
E-05

8

561
596
625
648
666
679
688
691
690
686

3. Conclusion

The data was fitted into a sixth order polynomial equation by
multiple polynomial regression. The coefficients of the equation are
shown in Table 14.
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Table 13 - Viscosity of Sea Salt Solutions [9]

1
-4.51
E-02
-2.23
E-02

4

565
599
627
649
666
678
685
688
686
681

0

Isdale et al. [9] tested for the variation of the viscosity of saline
water with temperature and salinity. This data was measured in a
temperature range from 20°C to 180°C for salinities up to 0.15
using master viscometer and pressurized body fall viscometer. The
values of viscosities are shown in Table 13.
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Table 96: Coefficients of Thermal Conductivity’s Polynomial Equation vs.
Temperature and Salinity

Coefficient
of S0
-0.0031
-0.1357
1001.6

2.4. Viscosity

S
T
20
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2

The data was fitted into a sixth order polynomial equation by
multiple polynomial regression. The coefficients of the equation are
shown in Table 16.
(9)

Table 72: Coefficients of Density’s Polynomial Equation
Coefficient
of S4
107.04
-1450.8
-271743

0
571
603
630
650
665
676
682
683
680
673

6
2.28
E-13

2.5. Thermal Conductivity
Jamieson and Tudhope [10] tested the variation of the thermal
conductivity of saline water with temperature and salinity is used to
get a mathematical correlation. The experimental data was
measured at a temperature range from 0°C to 180°C for salinities up
to 0.16. Table 15 shows the values of thermal conductivity in
mW/m.K.
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MODELING GROUNDWATER FLOW IN HETEROGENEOUS SOILS IN RIVER
TERRACES
Chief Assist. Svilen Borissov
Department Water Management – National Institute of Meteorology and Hydrology(Bulgarian Academy of Sciences)
svileron@abv.bg
Abstract: Modeling is one of the methods used to solve practical hydrogeological problems associated with movement and assessment of
groundwater sources. It is has long been in place in hydrogeology with the first well-described modeling methods dating back to the
beginning of the 20th century. Analog and digital techniques advancements in the late sixties made it possible to apply them more actively.
Nowadays it is unthinkable to address such type of scientific problems without the use of contemporary software tools for geological and
hydrogeological modeling. Coupled with modules used in GIS media such tools enable resolution of specific tasks aiming to describe
underground filtration flow.
Combing innovative technologies for a detailed three-dimensional reconstruction (approximation) of a geological medium with detailed
calculation procedures for a mathematical description of groundwater flow in such medium enable solving a wide spectrum of
hydrogeological tasks of great complexity.
Numerous are the research institutes, universities and private organization worldwide that focus on developing contemporary software
products for mathematic modeling. Specialized modules are designed to support hydrogeological surveys. The products developed operate
on a very high level input data automation, graphic interface, visualization, etc. Some of the companies employ MODFLOW which is one of
the most frequently used computer codes in groundwater flow modeling. It is module-type software based on the finite difference methods,
and has been created by US Geological Survey McDonald and Harbaugh (USGS) [6], the output code being free software.
The approach employed in the case presented involves calculations and 3D visualization by means of our own simplified software
(VISMAT) developed on the grounds of modern software and hardware solutions in combination with numerical methods. Part of
MODFLOW code is also used in VISMAT development.
Keywords: GROUNDWATER, MODELLING, GIS APPLICATIONS, OPEN SOURCE SOFTWARE
One of the main hydrogeological problems is the study of
groundwater flow and its protection from pollution as groundwater
is one of the sources of potable water. Studying the patterns of
groundwater flow, water quality changes and conditions of
groundwater pollution are the major hydrogeological problems.

1. Introduction
Maintaining the balance in nature, including the atmosphere,
biosphere and hydrosphere, is a major task in front of the humanity
which is responsible for the survival of the planet.

The purpose of this task is to make a mathematical modelling of
groundwater flow in heterogeneous soils in river terraces, applying
the study to a particular section of the Tundzha River valley. The
sequence in solving the problem can be conditionally divided into
the following main parts:

Groundwater is a natural resource having an environmental and
economic value which is essential to maintain life, sustainable
development and ecosystem integrity. The man, through his
activity, plays the role of an active factor exerting both direct and
indirect impact on the quantity and quality of this vital natural
resource.

•

In this regard, the study of groundwater is within the scope of
interest of many researchers worldwide. One of the methods that are
used to solve applied hydrogeological tasks is modelling. As a
method in hydrogeology it has been applied since the beginning of
the XX century, but its active application began after the 60s of the
last century, which is mainly related to the development of analogue
and digital technology. In recent years, with the boom in the
development of computer technology, it has become even more
feasible to create simulations of groundwater flow, and 3D
visualizations[1].

•

•

Combining an innovative technology for a detailed threedimensional representation of the geological environment on the
one hand, and on the other hand the detailed calculation procedures
for modelling the groundwater flow, enables the solving of a wide
range of hydrological tasks of high complexity.

•

Especially valuable and irreplaceable are hydrogeological
models for solving problems related to:
•
•

•
•

Theoretical rationale – description of hydrodynamic
parameters (velocity, pressure, etc.), basic laws, differential
equations, use of finite difference and finite element numerical
methods;
Gathering and processing databases – description of the chosen
area, relief and geological maps of the areas, GIS of the areas,
water levels, data from surveying, measurement and
abstraction drills, using data from field measurements, etc.
Developing VISMAT software for mathematical modelling
and 3D visualization;
Experimental part – creating a 3D hydrogeological model of
the selected area; simulations of the groundwater flow in the
area concerned; 3D visualization.

2. Theoretical rationale – numerical methods
The diverse multi-component (heterogeneous) media and the
complexity of the processes therein lead to considerable differences
in the study and construction of models for determining the
hydrodynamic parameters. Most often multi-component media are
regarded as continuous and their study results in the well known
equations of filtration (Darcy’s law).

Migration of pollutants in groundwater;
Identification of local groundwater resources and opportunities
for groundwater abstraction by single water intake facilities or
systems thereof;
Balance assessments to determine regional resources or
reserves of groundwater in groundwater bodies;
etc.

The methodology of preparing hydrogeological models and
making estimates is a process of sequential steps. There are
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different kinds of hydrological models, and the mathematical
models and their numerical solution have a substantial position
among them. The difference between numerical and analogue
modelling is that in the latter case the filtration medium is not
regarded as continuous and having the same parameters, and it is
discretized into separate terminal volumes or areas, each having its
specific characteristics.
The mathematical model described in a differential form and its
solution turns into a task written in a discreet form.
Considering the complexity of solving the tasks of filtration for
limited areas that occur frequently in practice, in the case of
integration of differential equations it is more promising to use
numerical rather than analytical methods. When examining an area
of complex geometry, numerical methods are the only ones with the
help of which tasks of this kind can be solved. Taking into account
the fact that porous media in most cases are heterogeneous, the
problem becomes even more complex and the need for using
numerical methods for solving this type of problems is obvious.

Figure 2 GIS river Tundzha, village of Hanovo

To solve this particular task an approach has been adopted that uses
a combination of two methods – the Finite Difference Method
(FDM) and the Finite Element Method (FEM) [3].

Regarding the geological structure, geological maps of the area
have been used, and in the chosen area 68 point measurements have
been made by the method of vertical electrical sounding. For each
point, its exact GPS position and the geological structure of the
layers at an approximate depth of 50 m. have been specified. The
geological lattice of the layer structure of the research area has been
shaped by means of the results obtained. In the methodical aspect,
geo-tectonic studies of the whole area have been initially made; in
the geological aspect, it is known that the area combines the
Yambol and Elhovo synclinal forms of similar tectonic and
geological structure, that are filled by Neogene sedimentary
deposits and alluvial deposits of the Tundzha river and its tributaries
the Popovska river, Kalnitsa river, Arapliyska river and Yavuz dere.

3. Database
Nowadays, the study of this kind of scientific problems is
impossible without the use of advanced software tools for
geological and hydrogeological modelling, combined with the
application of modules in GIS environment solving private specific
tasks detailing the underground filtration flow.
Geographic information systems are a key tool providing georeferenced and synthesized digital information, such as specialized
maps, data in relational form and graphically presented results and
modular solutions in GIS environment performing specific
mathematical procedures for solving specific geospatial tasks.

Geophysical measurements have been made with highly
sensitive equipment by the VES method. Measurements by the
Method of Vertical Electrical Sounding are carried out by running a
low-frequency electric current (5 Hz) through two current
electrodes by a generator with a constant force of 10 to 30 mA, and
the voltage (mV) between two other receiving electrodes is
measured by an electronic amplifier. A unilateral three-electronic
measurement scheme А...М 1.0 N….B -∞ has been chosen.

In recent years, to solve problems and tasks in the field of
natural engineering, especially with engineering and geological,
hydrogeological and environmental focus, Internet-based GIS
applications have been actively developed.
For the present task, GIS of the Tundzha river valley has been used,
separating a section along the river, starting after the town of
Yambol and ending at the village of Hanovo, for which data of
observation drills (Nos 815S1, 816T1, 818S1, village of Hanovo)
and a hydro-meteorological station (HMS No 74800, town of
Yambol) has been used concerning the water levels in the river. The
information has been provided by NIMH-BAS. Additional
independent measurements in boreholes in private abstraction
sources have been also made. For the characterization of the area,
the Master plans for water use in Bulgaria, Water use and water
resources balance of the Tundzha river valley [2] and official
information of the Municipality of Tundzha concerning water
resources and geological structures [7] have been used.

Figure 3 Equipment for field measurements method VES

Figure 1 Relief of the Tundzha river valley
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Output data:
Time and space series that for each point and each step over
time expresses:
•
Level of groundwater;
•
Other values interesting for the scientific work.
For the purpose a computer configuration has been used having
the following characteristics:
•
Graphics card NVidia GTX 670 with 1344 CUDA
computational cores, 2 GB of RAM memory and 524Kb of L2
cache.
•
Intel Core processor i7920 with eight cores, each with a
frequency of 2.74 GHz.

Diagrams have been drawn from which it is seen that the
electrical resistance of rocks from the geological incisions varies
within certain values depending on the layer structure. Next to the
diagrams, interpreted lithological columns which show the layers
have been compiled.

Figure 4 Diagram method VES
(point № 4 N 42,23275, Е 26,30587, H 119m )
The combination of the relief of the GIS area, geological maps
and geological lattice of field measurements provide the necessary
information to form a 3D visualization of the area with Software
that works with VISMAT file extension.

4. VISMAT – software for mathematical modelling
and 3D visualization

Figure 5 3D preview

As a result of the work done, a visualization module has been
created enabling the check up of evolution over time of selected
variables in a random incision (such as location and angle with the
vertical). One of the most advanced platforms for parallel
computing and a programming model of
NVIDIA CUDA [5], which is extremely
effective for numerical modelling of this
type of tasks, has been used. OpenGL
(Open Graphics Library) [4] – application
programming interface (API) for rendering
2G and 3G graphics has also been used. It
is compatible with different operating
systems and computer platforms. It is
suitable for applications requiring high
image quality combined with good performance to enable image
generation in real time. The programming language used is C++.
General idea of the algorithm:
•
The section under study is divided into elementary volumes as
per desired accuracy and a certain size;
•
Each elementary volume is recognizable depending on the
input data;
•
Step size over time is selected depending on the desired
accuracy;
•
Initial data is copied to the RAM memory of the graphics card;
For each step over time, in parallel groups of 1344 volumes, the
values for the next time step for each volume are calculated, taking
into account previous values over time for a given volume and its
neighbouring volumes. Using a combination of finite difference
methods and finite element methods the calculations are compiled.
The new values are copied into the global memory.
•
End of calculation for each step over time.
Input data:
•
3D model of the geological layers;
•
Topography;
•
Initial levels – water level in the river and groundwater
(drilling level).

5. CONCLUSION
Combining innovative technology for a detailed threedimensional reconstruction (approximation) of the geological
environment and detailed calculation procedures for the
mathematical description of the groundwater flow therein allows
solving a wide range of hydrological tasks of high complexity. In
this case, the approach chosen is the one by which calculations and
visualization are to be made with the help of proprietary simplified
software, using modern software and hardware solutions in
combination with numerical methods.
Тhe ability to use open source software and the ever more
accessible machines with high hardware characteristics give a
chance to a greater range of users to do their own research and
development, which in turn stimulates the development of the
methods of modelling and studying the physical regularities in
various fields.
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MATHEMATICAL MODEL FOR INCREASING THE EFFICIENCY OF PASSENGER
RAILWAY TRANSPORT IN BULGARIA
Kristina Pavlova, Todor Stoilov
Institute of Information and Communication Technologies, Sofia 1113, e-mail: Kristina@hsi.iccs.bas.bg
Abstract: A mathematical model has been derived to assess the potential of the rail passenger transport to increase his capacity and
efficiency. This potential has been evaluates in comparison with the competition of the bus transportation. A specific transportation route
has been chosen from Sofia to Varna and the potential for increase of the rail transport has been evaluated. The mathematical model uses
optimization problem, related to the evaluation of a maximal flow in a transportation network.

Keywords: MAX FLOW PROBLEM, OPTIMIZATION, NETWORK DESIGN

k
max X ( fi )

1. Introduction
This research derives and mathematical formulation of a
problem for evaluation of the potential of the rail transport to
increase its capacity and performance. The model is a=base =d on
comparisons between he capacities of bus and rail passenger
transportation for a redefined transportation destination. The
mathematical model applies theoretical formulation and evaluation
of maximum flow design in a network topology. Such a model
targets the solution of very practical problem for optimization of the
passenger rail transport and its schedule in the National
Transportation scheme of Bulgaria. Thus the rail transport will play
main role in National long distances travels. The improvements in
the rail schedules is based on comparisons between the current
transportation flows, performed by bus and rail transport and the
opportunity to track the components of the max flows in the
network by rail transport.

k
k
∑ fi − ∑ f j = 0
i
j
s
∑ fi = − X
i
d
∑ fj = X
j

(1)

k
∑ fi ≤ Vi ,k
i
where
k
∑ fi denotes the sum of all inflows in the node k,
i
k
∑ f j denotes the sum of all outgoing flows from the
j
node k,
s, d are notations for the source and destination nodes,
X is the unknown value of the maximal flow, which can
be transported from node s to node d trough the
transportation network,

2. Theoretical background to control flows in
networks
This research derive a mathematical model to evaluate the
potential for passenger transportation, performed both by rail and
bus transport. The model defines a specific optimization problem to
evaluate the capacities for transport, performed by buses and rails in
a network. The results from these capacity evaluations can be used
to improve the economic performance of the passenger rail
transport; to make quantitative assessments of the competition
berween rai and bus transportation; to identify measures for
intensification of the rail transport in compliance with European
directives (Directive 2010/40 / EU of European Parliament and of
the Council of 7 July 2010 on the framework for the deployment of
Intelligent transport Systems in the field of road transport and for
interfaces with other models of transport) to reduce pollution from
emissions and improving logistics services through intensification
of rail transport. The derived model applies hierarchical
optimization with particular definition of bi-level optimization
problems. [1, 2]

Vi ,k is the capacity for transportation for link i,k.
The engineering meaning of the solution of this problem gives
the values of the components of the maximal flows and the link in
the network, where this flow is passed.

3. Practical application of the derived mahematical
model
The current practice in Bulgaria defines so called There is a
Republican Transport Scheme (RTS), which is approved by the
Ministry of Transport and Information Technology. RTS network is
supported both by rail and buses transportation means. The rail
transport is exploited by a state enterprise, named BDZ- PT= The
bus transportation is performed by a set of private companies. Each
company has to apply and receives after approval a license
document to exploit exactly defined transportation link. Particularly
the State Executive Agency for Automobile Administration approve
the applications for transport licenses. .

The derived model comprises the following evaluation steps:
- Identification of transport flows, simultaneously performed both
by rail and bus transport for the predefine destination;
- Quantification of the capacity of transport with buses and trains
for the selected area of PTC;
- Definition of graph topology presenting the transportation flows
between source and destination nodes ;
- Definition of an optimization problem for evaluation of the
maximum flow in the defined transportation network.
This problem is a linear optimization one with large number of
unknowns and constraints. The analytical definition of max flow
problem is in the form:

For the application of the derived mathematical the chosen
destination by RTS: Sofia-Varna.
The definition of the max flow optimization problem, the values
V
of the capacities of the transportation links i ,k have to be
estimated. These capacities are defined according to considerations
for improvement of the transport service.
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From customer point of view, the quality of the transportation
service is strongly related with the duration of the transport service.
Hence if the ravel time is short, it can be assumed that the
transportation capacity through the corresponding link is high or
the duration of the transport service is reciprotially related with the
capacity of the transportation link. Following this engineering
assumption the relation between is transport capacity and travel
time is analytically defined as
V = 1/ travel time.

The solution of the problem (1) will give the value X of the
maximal flow, which can be transported between Sofia and Varna,
according to the current schedules of buses and trains.
The solution of problem (1) gives also the routes, where the
components of the maximal flow are passed in the graph. Thus the
solution of (1) will give picture if the rail transport is used on its
maximal capacity and which links of the rail can support additional
transportation services due to available capacities for transportation.

(2)

The solution of problem (1) will identify also the links of the
rails, which are on its upper capacity bounds. This means that they
cannot increase its efficiency or if increase is needed, new train
schedule has to be design or the travel time per these links haves to
be decrease.

The reason for the usage of this relation results from the lack of
real data for the intensities of passenger transportation per different
destinations of National transportation scheme RTS. Because for
given destination the transportation can be performed by different
means and with a set of transport schedule, the total transport
capacity of network link is evaluated as a sum of the individual
capacities of each transportation schedule.

This paper presents the current case, which is actual for
transportation from Sofia to Varna by uses and trains for 2016
schedules. Having data for the train schedules for trains from
www.bdz.bg
and
the
schedules
for
buses
from
http://www.rta.government.bg/index.php?page=scategories&scateg
ory=otrts the transportation network is presented on fig 1. The
notations on the network correspond to geographically places and
towns, which are defined as:

Example: The travel time from Sofia to Levski is 3 hours and
23 minutes or 203 minutes. The transportation capacity for this link
is 1/203, or 0.0049 relative units. If the train schedule is 3 times per
day the capacity for this transport link in the network will be 3 x
0.0049 = 0.014 relative capacity units.

1. Sofia
2. virtual point
3. Mezdra
4. Pleven
5. Levski
6. Gorna Oryahovitsa
7. Starzhitsa
8. virtual

9.Popovo
10.virtual point
11.Targovishte
12.virtual point
13. Shumen
14.virtual point
15. Veliko Tarnovo
16. Antonovo
17. Varna.
The virtual points are introduced to separate the transportation link,
generated by bus and/or rail transport. This is needed for the
personal assessment of rail and bus transportation.

The links, served by bus transportation are taken into
consideration also.

5. Definition of integrated network for transport
The transportation network for the destinations Sofia – Varna is
generated by all transport services, which are supported both by
train and buses. The network topology is generated by all nodes,
where bus transports intersect with the rail transport. The network
topology insists to be identified the set of all these intersection
points between the bus lines with the rail route for Sofia – Varna
destination. After generation of the network, the capacities of all
links have to be evaluated. These capacities are calculate according
to the travel time and the number of schedules per dayq performed
by rail and buses. Finally the total capacity per link is evaluated,
according to relation (2).
Having he set of capacities Vi ,k and the topology of the
network, the optimization max flow problem (1) can be defined.
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Fig.1 The transportation network Sofia Varna
The notations on the network links are given in form of
nominators and denominators. The denominator is the value of the
transport capacity on the corresponding link, which is supported by
bus or train transport. The nominator of the notation gives the value

of the part of the maximal flow, which is passed on this link. If the
nominator is less than the denominator, this means that such a link
has capacity to undertake additional transportation services.

Fig.2 Allocation of the components of max flow per link in the network

transportation on National level. The Model is based on definition
and solution of appropriate optimization problem, stated as maximal
flow problem. The solution of this problem identifies weak points in
the exploitation of the rail transport and gives potential solutions for
increase of it efficiency.

Fig.1q which presents graphically the solution of problem(1)
identifies that it exists potential for increasing the exploitation of the
rail transport by decreasing the transportation, performed by buses
on appropriate links. On fig.2 are given potential solutions for
increase of the rail transport. The potential solution is graphically
presented by dotted lines. If these lines are removed, the value of
the maximal flow is preserved, but the rail transport is increase
close to its capacity values. For example by removing bus lines,
serving s=directions 4-13 an№ДФНП-98/04.05.16, signature
210273
d 7-13, the rail transport increases from 0.038 till
0.808 for link 7-9. This a beneficial decision for the increase of the
rail transport services.

References
1. Brotcorne, L., Labbe, M., Marcotte, P., andSavard, G. (2000).
“A
bilevelmodelandsolutionalgorithmfor
a
freighttariffsettingproblem”, Transportation Science, 34, 289–302.
2. Dempe, S. (2002). Foundations of Bilevelprogramming,
(KluwerAcademicPublishers, Dordrecht ).
3. Aboudolas K., Papageorgiou M., andKosmatopoulas E.
(2009).
Store
andforwardbasemethodsforthesignalcontrolprobleminlargescalecongestedurbanroadnetworks. Transportationresearch, Part C:
Emerging Technologies, 17, 163-174

Conclusions
The paper derives a mathematical model for accessing the
potential for exploitation of transportation services, performed
simultaneously by trains and buses. The idea of this assessment is to
increase the rail transport by means of definition right transport
schedule and decrease the bus exploitation. Such policy will benefit
National policy for improvement of the rail transport and passenger

4. Ford, L. R.; Fulkerson, D. R. (1956). "Maximal flow through
a network". Canadian Journal of Mathematics 8: 399..
This paper is partly supported by project №ДФНП-98/04.05.16,
signature 210273, Program for career development of young
scientists, Bulgarian Academy of Sciences.

12

RED MUD RECYCLING WITH THE EXTRACTION OF IRON-BEARING
CONCENTRATE AND CEMENT CLINKER
ПЕРЕРАБОТКА КРАСНОГО ШЛАМА С ПОЛУЧЕНИЕМ ЖЕЛЕЗОСОДЕРЖАЩЕГО КОНЦЕНТРАТА И
ЦЕМЕНТНОГО КЛИНКЕРА
M.Sc. Lobanov D.A.1, Prof. Dr. Sheshukov O. Yu.2 , PhD Mikheenkov M. A.3
Institute of Metallurgy of the Ural Branch of the Russian Academy of Sciences, Ekaterinburg, Russia
summerdanny@yandex.ru; ferro1960@mail.ru; silast@mail.ru
2
Ural Federal University named after the first President of Russia B.N. Yeltsin, Ekaterinburg, Russia
o.j.sheshukov@ufru.ru

1,2,3

Abstract: We present the experimental technology of full red mud recycling by the method of reduction roasting with calcium carbonate
added into the raw mixture, which allows obtaining the iron-bearing concentrate with minimal impurities. The technology also includes the
raw milling and magnetic phase separation. The silicate part resulting from the magnetic separation is roasted with some additives to the
valuable cement clinker. At the end of recycling we get full red mud utilization and two valuable products – iron-bearing concentrate and
cement clinker.
Keywords: RED MUD RECYCLING, REDUCTION ROASTING, MILLING, IRON-BEARING CONCENTRATE, CEMENT CLINKER

presented in table 2. The roasting specificity is accounted for by the
addition of calcium carbonate into the raw mixture in quantities
needed for the formation of calcium-containing silicate materials
during the roasting process. It helps to reduce silicate and ferrous
phases. The reaction of calcium oxide with silicate oxide provides
favorable thermodynamic conditions for the destruction of ferric
oxides with silicate oxides and glass phases; it favors the formation
of crystal phases of calcium-containing silicate materials, and the
ferric oxides reduction.

1. Introduction
There are about 10 million tons of solid waste residues in
present-day alumina industry. Those solid waste residues contain
red mud and belit mud. The extraction of some useful elements
from red mud makes it possible to obtain such valuable products as
pig iron, iron-bearing concentrate, rare-earth elements, alumina
concrete, constructional materials, etc. It can also contribute to
reducing alumina and alkali losses.
As seen from a literature review, the final stage of
experiments described in the works [1, 2, 3] yields foundry iron and
slag which can further be used in the alumina or cement clinker
production. However, abundant impurities in the red mud prevent
the production of high-quality iron and alumina concrete. In
particular, a pig iron may contain a considerable amount of sulfur
and phosphorous, and the alumina concrete may contain alkaline,
mayenit (12СаО·7Аl2О3) and gelenit (Ca3Al2Si2O10).

2. Experimental
Based on some previous works [4, 5] we propose to make an
initial raw mixture with the aim to obtain the reduced the ferric
oxides, namely wustite (FeO) and magnetite (Fe3O4), and the
Portland clinker in the process of roasting. During the reduction
roasting the red mud impurities are expected to be absorbed by the
Portland clinker silicate phases and not to get into the ferric oxides
composition. We intend to separate magnetic ferrous phase by
magnetic separation after the Portland clinker grinding with
gypsum to a normative grade. As a result of such treatment, there
can be three valuable products obtained: the Portland cement, the
sulfide-silicate cement, and the iron-bearing concentrate. The
general technological scheme is presented in Fig. 1.
We propose to carry out reduction roasting of the burden that
consists of red mud, powdered quartz, carbon and calcium
carbonate (CaCO3). Before mixing the raw components they must
be dried and homogenized by combined grinding. The chemical
composition of the raw materials based on red mud is given in table
1. The compositions of two different burdens prepared on the red
mud basis and the chemical composition of silicate component are

Fig. The general technological scheme of pyrometallurgical
conversion

Table 1. Chemical composition of raw materials.
Component
Microcalcite
(CaCO3)
Red mud
Coke fine
* - carbon

Content, маss %
SO3
MgO

CaO

SiO2

Al2O3

Fe2O3

56,35

0,04

0,06

0,04

0,02

12,1
0,00

8,99
0,00

12,55
0,00

44,89
0,00

2,5
0,00
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Other

Δmcalcination

Sum

0,01

0,01

43,46

100

0,7
0,00

11,53
98,90*

6,74
1,10

100
100

Table 2. Compositions burdens prepared on the red mud basis and the chemical composition of silicate component
Clinker name
Burden 1
Burden 2
* - microcalcite
** - red mud

Initial raw material
composition, mass. %
MC*
RM**
65,0
32,0
10,0
76,0

Chemical composition of silicate component, mass %
С
3,00
14,00

CaO
58,5
36,2

The further separation of silicate and iron-bearing concentrate
from the final composition produced by roasting is performed by
the pneumatic method in cyclones. The silicate concentrate obtained
after the separation is further used in clinker roasting. In order to
reach a required module characteristics some correctional additives
are put into the silicate concentrate prior to the Portland cement
roasting at 1400℃.

Al2O3
8,4
11,1

Fe2O3
11,2
14,2

standart (GOST) 31108-2003 “Cementi obschestroitel’nye.
Technicheskye usloviya” [6] requirement are in good agreement
with GOST requirement to CEM I 32.5N GOST 33108-2003 [7]
mark.

4. Conclusion
The paper presents technology that can be used for obtaining
the iron-bearing concentrate with minimal impurities and valuable
cement clinker. The problem related to abundant impurities in the
red mud which prevent the production of high-quality iron and
alumina concrete is solved by the method of reduction roasting of
burden on the red mud basis with calcium carbonate added into the
raw mixture. The experimental results show that the final ironbearing concentrate and cement clinker have beneficial properties
and can be used in further production. The paper also presents the
general technological scheme of pyrometallurgical conversion used
in red mud utilization.

3. Results and discussion
The chemical results of reduction roasting which allow the
determination of a harmful impurity content in the iron-bearing
concentrate are presented in table 3. The final composition of a
synthesized clinker obtained by the X-ray diffraction analysis is
presented in table 4.
Table 3. Chemical analysis results of iron-bearing concentrate
Material name

SiO2
8,7
19,2

Composition content in iron-bearing
concentrate, mass %
Femet
S
P

Iron-bearing
concentrate from
56,02
0,015
0,033
burden 1
Iron-bearing
concentrate from
58,16
0,011
0,026
burden 2
Table 4. Synthesized clinker phase composition on the X-ray
diffraction analysis basis
Clinker 1,
Clinker 2,
Basic cement phases
mass %
mass %
3СаO∙SiО2 (C3S)
67,0
68,0
2СаO·SiО2 (C2S)
10,0
7,0
4CaO·Al
₂O₃
C
17,0
20,0
4AF)·Fe
3СаO·Al2O3(C3A)
6,0
5,0
Sum
100,0
100,0
The experimental results show that after the reduction
roasting and separation the metalized iron prevails in iron-bearing
concentrate, which is beneficial for utilizing the iron-bearing
concentrate produced. Furthermore, the produced iron-bearing
concentrate is cleaner in phosphorus and sulfur content and can be
used as a cooler in converter industry.
The physico-mechanical properties of clinkers produced from
silicate concentrate at 1400 ℃ with reference to Gosudarstvennyj
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THE FORMATION OF THE NEAR EAST TRANS-Tailor CORRIDOR
Zh.M. Kuanyshbaev, M.I. Arpabekov
Doctor of Engineering Sciences, Professor
L.N. Gumilyov Eurasian National University (Astana), Republic of Kazakhstan
Being at the crossroads of Europe and Asia, Kazakhstan has
significant transit potential, providing Asian countries transport link
to Russia and Europe. The territory of Republic Kazakhstan is
crossed by 4 international transport corridors, which were formed
on the basis of transport infrastructure of republic. In particular:
Northern Corridor of Trans-Asian Railway Magistrals
(TARM): Western Europe - China, Korean Peninsula and Japan
through Russia and Kazakhstan (in the area of Dostyk - Aktogay Sayak - Mointy - Astana - Petropavlovsk (Presnogorkovskaya).
South corridor of TARM: South-Eastern Europe - China and
South-East Asia through Turkey, Iran, Central Asia and Kazakhstan
(in the area of Dostyk - Aktogay - Almaty - Shu - Arys Saryagash).

Traceca: Eastern Europe - Central Asia via the Black Sea,
Caucasus and the Caspian Sea (section Dostyk - Almaty - Aktau).
North-South: Northern Europe - Gulf States via Russia and
Iran, with the participation of Kazakhstan in the areas of sea port
Aktau - Ural regions of Russia and Aktau - Atyrau.
Except directions, involved in the formation of the main
transcontinental routes, it should be noted that the Central Corridor
of TARM has great significance for regional transit in the direction
Saryagash - Arys - Kandagach - Ozinki. Scheme of international
rail transport corridors on the territory of Kazakhstan is shown
below (Fig. 1).

Fig. 1 Transport corridors of Kazakhstan
Iranian transport corridor allows for the transport of bulk
goods by railway transport from the EU through the territory of the
Russian Federation, Republic of Kazakhstan to the Islamic Republic
of Iran, with access to the port of Bandar Abbas, i.e. to the Persian
Gulf, and then across the Arabian Sea to the ports of Egypt, Sudan,
Saudi Arabia. In addition, it allows the delivery of goods from the
People's Republic of China via the Republic of Kazakhstan to the
Islamic Republic of Iran.

goods from east to west and from north to south of the continent.
Important transport corridors are passing through the railways of
Iran, which have 120 years of history and have a length of about 12
thousand kilometers. Currently, 20% of all transit transportation
accounted for railway. In 2015, Iran plans to transport through its
territory 14 million tons of cargo. Due to its geographical position,
Iran can actively and mutually beneficial cooperate with Central
Asian countries in the field of transportation of cargoes to the
Persian Gulf. 20 years ago, after the opening of the railway corridor
North-South through Sarakhs station, started cooperation with the
railways of Turkmenistan, Uzbekistan and Kazakhstan. The new
route, passing through the frontier point Inche-Burun, reduces the
transportation of goods by more than 400 kilometers. This will
affect the time of delivery of goods on the specified route.

DESCRIPTION OF THE ROUTE st.KUSTANAY - the port of
Bandar Abbas
Leaders of the Islamic Republic of Iran attach great
importance to the development of transit routes and an increase in
the volume of cargo transit through the territory of country. Iran
seeks to fulfill the mission of the bridge for the transportation of
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Fig. 2 Railroad of the Islamic Republic of Iran
In the Islamic Republic of Iran made the following
international transportation:
1)transportation from Turkey, Europe and CIS countries to
Iran through the frontier point Sarakhs - Mashhad. At the station
Sarakhs - Turkmenistan wagons swapped with the wide to the
narrow furrow (potential permutations of 120-150 wagons per day)
and transferred to Iran to Mashhad station. From there, the wagons
follow deep into Iran or in other countries through the ports of
Bandar-Emam and Bandar-Abbas.
2) multimodal transportation from European countries and
the CIS to Iran using ships of the Caspian Sea ports (Aktau, Baku,
Astrakhan, Makhachkala, Turkmenbashi) to the port of Bandar
Anzali (Iran) with overload by the scheme ship-to-car in the port of
Bandar Anzali. Then the cargo is delivered by the car deep into the
Iranian.
3) rail transportation of goods from Turkey to Iran via the
border station Razi (Turkey, Iran). This route is used for the
delivery of goods to Iran, and for the further delivery to
Afghanistan, Pakistan, Turkmenistan, Uzbekistan, Kyrgyzstan,
Tajikistan, Kazakhstan, Russia, and others.
4) delivery of cargo in containers in Iran through the port of
Bandar Abbas – from any point of the world container is delivered
by sea to the port of Bandar Abbas, than it unloads from the vessel
and delivered by container truck or wagons into Iran or in the CIS
countries.
The distance from the capital of the province of Golestan,
Gorgan city, to the port of Bandar Abbas in the Gulf is about 1972
kilometers, and set of wagons with Kazakh wheat will overcome it
in a very short time. At the same time Iran solve problems to
increase bandwidth on its magistral network. Already this year, the

partners promise to begin the project of electrification of the Iranian
magistral section of the Kazakhstan-Turkmenistan-Iran. After
entering the Turkmen-Iranian border crossing Inche-Burun will be
opened through freight traffic on the route from Kazakhstan and
Turkmenistan through Iran to the Persian Gulf. With its launch in
this year, by the result of 8 months, cargo traffic increased by
almost 40%. The President of Kazakhstan noted that the
commissioning of the Turkmen-Iranian section will also be of great
importance for the region. Railroad «Uzen - Bereket - Gorgan" will
increase the traffic flows of our states, both in the north and the
south directions. In addition, the President stressed that
Turkmenistan wide cargo transportation capabilities open new
routes through Kazakhstan in the direction of China and then to the
Pacific Ocean. For twisting of the last bolts on the joining place of
"golden junction", presidents were delivered by the Kazakhstan`s
locomotive TE33A, which is now stationed on the Turkmen
railways. The railway has a special exceptional infrastructure
component that will ensure the growth of trade relations in this
region. We note the increase in the volume of exports of
Kazakhstan production in the region of Iran, which is a big market,
as well as the Gulf. Uzen - state border with Turkmenistan - the life
line for the steppe. Kazakhstan was the first and fully complied with
the commitments made by the joint declaration signed by the
Presidents of Kazakhstan, Turkmenistan and Iran 16th October
2007, and the tripartite agreement signed between the governments
of the countries - participants of the project. In May 2013, the
Presidents of Kazakhstan and Turkmenistan Nursultan Nazarbayev
and Gurbanguly Berdimuhamedov opened a direct rail connection
between the two countries on the border crossing Bolashak
(Kazakhstan) - Serhetyaka (Turkmenistan) (Fig. 3).
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Fig. 3 Transport Corridor Republic of Kazakhstan, the Islamic Republic of Iran
The port of Bandar Abbas is important in the economic relations with India, because transporting goods from India, Iran and its
neighboring countries in Central Russia faster and cheaper through Iran and the Caspian Sea (Figure 4). Russian project of transport corridor
"North-South" is based on the port of Bandar Abbas.

Figure 4 Port of Bandar Abbas
The software package Rail-Atlas is currently one of the most
convenient tools to create a route of railway traffic. Rail-Atlas is an
electronic collection of railways atlases of Russia, CIS, Latvia,
Lithuania, Estonia and Georgia , allowing you to create and adjust
routes. According to the software system Rail - Atlas choose the
most optimal route of freight trains. The total length of the route
was 4944km, which: territory of the Republic of Kazakhstan 2213km; territory of the Republic of Uzbekistan -732 km; territory

of Turkmenistan - 469 km; Iran's territory - 1530 km. The cargo is
grain. Dispatch station is Kostanay (Kazakhstan), destination station
and the eponymous port of Bandar Abbas (Iran). Logistics schemes
on this route is shown in Figure 5. The route passes through the
following stations: Kostanay - Sary-Agach - Keles -Hodzhadavlet Farap (exp) - Sarakhs (exp) - Bandar Abbas.
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Fig. 5 Logistic scheme for the carriage of grain, Kostanay - Bandar Abbas
Shipment. Grain cargoes are transported mostly unpacked
way in bulk in specialized covered hopper wagons. This hopper
wagons has four loading hatch on the roof and in the lower part of
the body six unloading hatches. Boot hatches have the locks system
that allows them to seal, each unloading hatch is sealed separately.
For unloading grain from the wagon, bottom part of the panel has a
latch with size 305 * 305 mm, closed by a valve. Before installing,
the grain panels carefully inspected. Particular attention should be
paid to the density of their fit to the door posts, and the floor of the
wagon, absence of slots in a panel and hatch valves serviceability.
The technical process of loading of goods provides for compliance
of safety regulations, fire safety and occupational safety. With the
lack of equipment on loading points measures for technical reequipment are developed to reduce the complexity of the operation
and ensure better working conditions.

DESIGN LOGISTIC SCHEMES st. KOSTANAY - SARYAGACH (KTZ)
With program Rail-Atlas draw up a route through the territory
of the Republic of Kazakhstan: Kostanay - Altynsarin - Kandyagash
- Shalkar - Togyz - Saksaulskaya - Kazalinsk - Tyuratam Dzhalagash - Kyzyl-Orda - Chiili - Turkestan - Aris 1 - Sary-Agach
(Figure 6).

Figure 6. Route of transportation of grain item. Kostanay - Sary-Agach (KTZ)
Bulungur - Zarafshan - Ulugbak - Marokand - Kattakurgan Zirabulak - Zievuddin - Navoi - Kyzyltepa - Bukhara II - Murgak Yakatut - Qaraqul - Hodzhadavlet (Figure 7).

DESIGN LOGISTIC SCHEMES st. KELES - st.
HODZHADAVLET (UZ.ZHD)
We make a route through the territory of the Republic of
Uzbekistan: Keles - Bakht - Akaltyn - Gulistan - Bayaut - Yangiyer
- Khavast - Dashtobod - Zarbdar - Gallyaaral - Marzhonbulak -
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Figure 7. Route of grain transportation on the railways of the Republic of Uzbekistan

DESIGN LOGISTIC SCHEMES st. FARAP (ECS) - st. SARAKHS (ECS) (TURKMENISTAN)
We make a route through the territory of Turkmenistan: Farap (exp) - Farap - Zerger - Repetek - Uchadzhi - Zakhmet - Gurbangala Bairamaly - Mollanales - Mary - Garybata - Altyn Sahra - Gulanly - Oguzhan - Ata - Sarahs - Sarakhs (exp) (Figure 8 ).

Fig. 8 Route of grain transportation on railways of Turkmenistan
DESIGN LOGISTIC SCHEMES st.SARAHS (ECS) - THE PORT OF BANDAR ABBAS (IRAN)
We draw up a route through Iran: Sarakhs (exp) - Mashhad - Neyshabur - Sabzevar - Negab - Azadvar - Damgan - Semnan - Varamin
- Arak - Samangan - Azna - Dorud - Keshwar - Andimeshk - Sabzab - Ahwaz Miyandasht - Bandar Abbas (Fig. 9).
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Fig. 9 Route of grain transportation on the railways of the Islamic Republic of Iran
tariff distances, tariff group and position calculation, depending on
the station and country of departure / destination; crossing points
between the two countries, taking into account the plan of formation
of wagons / containers; further lowering or raising factors,
exceptional rates, special rates and certain fees. Using the program
Rail- Tarif according to the distance, determine the freight charge
for the transportation of grain from the tariff fracture. The definition
of the freight on route Kostanay - Sary-Agach (KTZ), the tariff
distance for Kazakhstan (2213 km), (Figure 10).

METHOD FOR DETERMINING FREIGHT CHARGE
BASED ON SOFTWARE COMPLEX Rail-Atlas AND RailTariff
Along with the use of software for creating transport routes,
also wide range of usage have programs for the automatic
determination of the freight charge on the set parameters. The
software package Rail-Tarif is convenient and accurate tool for
calculating railway freight charge for the carriage of goods on the
territory of the same countries included in the software package.
The main functions of Rail-Tarif program include determining the

Fig. 10 The definition of freight rates for the carriage of grain by rail of the republic of Kazakhstan
On the railways of the Republic of Uzbekistan, the tariff distance is 732 km (Figure 11):

20

Fig. 11 The definition of freight rates for the carriage of grain by rail the Republic of Uzbekistan

On the railways of Turkmenistan tariff distance of 469 km (Figure 12).

Fig. 12 The definition of freight rates for the carriage of grain by rail of the Republic of Turkmenistan
Franc. Recalculation of freight charges, calculated in accordance
with the present Tariff, in the currency of payment carried out in
accordance with the national legislation of the country where the
payment of freight charges is made [6]. Initial data for the
calculation of the freight charged by the method of UTT is tariff
distance carriage of goods and the weight the rate of container
shipping.

METHOD FOR DETERMINING FREIGHT CHARGE
BASED ON A UNIFORM TRANSIT TARIFFS
Uniform Transit Tariff has been developed by the
Organization of Cooperation of Railways in connection with the
emergence of the urgent need to create single legal and economic
standards for freight and passenger transport in international traffic.
Uniform Transit Tariff is used in determining the freight charge for
the transportation of goods across the countries, railways involving
the Agreement on the carriage of goods by rail in direct
international traffic. UTT operates in more than 10 countries,
including Uzbekistan and Kazakhstan. For the calculation of the
freight charge and surcharges approved tariff currency - the Swiss

On the 1st route: Freight charge the Islamic Republic of Iran is
determined according to the method of UTT (Uniform Transit
Tariff).
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Table 1
Tariff distance

1530 km

The tariff rate for 1 ton

34,70 ChF

Wagonload dispatch

60т

The freight charge

(34.7x60)+(4x34.70)=2220.8 ChF

The calculation results of the freight tariff scheme with a broken table 2 shows.
Table 2
Name of route

Country

Distance, KM

Freight charge

Freight charge, the
Swiss franc

1. Kostanay - Sary-Agach
2.Keles - Hodzhadavlet
3. Farap (exp) - Sarakhs
(exp)
4. Sarakhs (exp) - Bandar Abbas

Kazakhstan

2213 km

256635,00 KZT
-

690.11 ChF

Uzbekistan

732 km

1686.40 ChF
-

Turkmenistan

469 km

1233.16 ChF
-

Total

Iran

1530 km

-

4944 km

2220.8 ChF

-

5830.47 ChF

differentiated by distances of transportation, following degression
[5]: 100 km - 100%; 300 km - 94%; 500 km - 90%; 700 km - 87%;
900 km - 83%; 1000 km - 80%. Single transit tariff includes: tariff
rules for calculating freight charges and other charges, an
alphabetical list and the nomenclature of goods, distance tables and
calculation tables. According to given information, we define the
freight charge from the station Kostanay to port of Bandar Abbas.
Tariff distance of carriage is chosen by Rail-Atlas and Rail-Tarif
software. Usage of the technique of through-shoulder distance of
transportation received from departure station to the destination and
freight charge is calculated in the Swiss franc.
Table 3
4944 км

DETERMINATION FREIGHT CHARGE BY THE
SCHEME THROUGH SHOULDER
Railway tariffs of Russia and the CIS countries and the
Baltic States are based on two synthetic tariff schemes: Uniform
Transit Tariff (UTT), the International Transit Tariff (ITT). By the
scheme of through shoulder, freight charge determined by the
methodology of UTT (Uniform Transit Tariff). ITT divided all
loads into two classes depending on their value. Tariff rates for the
first class of goods is formed as a weighted average level of similar
rates of 12 most developed Western countries. It is 0.13 Swiss
francs. For 1 ton-km at 100 km distance transportation. Bids ITT
Tariff distance
The tariff rate for 1 ton

113,0 ChF
60т

Wagonload dispatch

Т=(113,0x60)*(4*113,0)=7232 ChF

The freight charge

Table 4 presents the results of calculations of the freight charge by the methodology of the tariff fracture and through shoulder.
№п/п
1
2
3
4
5
6

Table 4
Indexes
Kostanay - Sary-Agach
Keles - Hodzhadavlet
Farap (exp) - Sarakhs (exp)
Sarakhs (exp) - Bandar -Abbas
Kostanay - Bandar Abbas
Budget revenues

Scheme
With tariff fracture
690.11 CHF
1686.40 CHF
1233,16 CHF
2220,8 CHF
-
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Through shoulder
7232 CHF
1401,53 CHF

CONCLUSION
Based on the above it can be stated with certainty that the
creation of new transport corridors on the territory of the
Republic of Kazakhstan allows to organize the transport of bulk
goods by railways from the European Union, followed by
railways of the Republic of Kazakhstan with access through the
territory of the Islamic Republic of Iran to the Persian Gulf, that
reduces the time of delivery. At the same time, forming a new
transport corridor links the Islamic Republic of Iran through the
Railways of the Republic of Kazakhstan with the railways of the
People's Republic of China by ground transport, in addition
provides an output of Iranian goods through the port of
Lianyungang to the "big water". This will allow transportation of
goods and services to the states of South-East Asia (South Korea,
North Korea, Malaysia, Philippines, Australia).
In the Near East transport corridor freight charge by the
scheme with tariff fracture is 5830,47 CHF; the scheme through
the shoulder - 7232 CHF. The study showed that the freight
charge, calculated according to the scheme through the shoulder,
more than the freight charge on the scheme tariff fracture. This
makes it possible to increase the revenue to Independent States
Parties of intermodal transport. Freight charge by the scheme
through the shoulder on the territory of the Customs Union is
more than we think, because of the low specific tariff and
disparity of differentiation schemes on market conditions. It`s
offered to increase the specific tariffs at market conditions for
railway transportation (method based Rail-Tarif) or reduce tariff
rates in the intermodal transport system, method of Uniform
Transit Tariffs.
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PLANNING AS A MANAGEMENT FUNCTION IN MODERN BANKING SYSTEMS
Sabina Šehić-Kršlak, PhD of Economic Sciences, docent, Faculty of Management and Business Economics, Kiseljak, BiH.
Adnan Kršlak, Master of Economic Sciences, Sparakasse Bank, Sarajevo, BiH.
Abstract: Modern business environment for all economic entities any activities poses great conditions in order to survive. Markets
characteristic fierce competition. In this context, it is necessary that an adequate selection and application management strategy. When it
comes to choosing a strategic direction that recognize the role of strategic management.
In this paper, the emphasis is on the competition in the financial market, it said - banks such business systems. The same we can
say is determined by a simple definition - only banks that have adequate product. The banking product is designed for the customer and
meeting their needs. As a large number of banking systems, there is more difficult to be competitive. From this arises the inevitable necessity
of innovation range of banking products will best zadovolljiti my clients' needs. This indicates the necessity of innovation in business and
smelling the Bank's strategy and business planning activities of banks in the role of strategic management.
The objectives of this study were the citation planning in the planning of the business of banking system.
KEYWORDS: BANKING SYSTEMS, BANK, MARKET, STRATEGIC MANAGEMENT
the profile, forms and modes of financial institutions and their
organization. These changes relate primarily listed below
determinants.
In parallel with the changes in the banking environment,
there has been a change in the banking management, ie. business
orientation of banks. This is primarily related to:
• The application of bank marketing - marketing acceptance of
banking allows the bank to meet the various demands of clients.
Starting from rapid changes in the environment, the bank must
adapt to these changes precisely, enabling strategic marketing
concept;
•
Lending at variable interest rates - in conditions of
constant and rapid changes in the business environment with
variable interest rates is a way of parrying uncertainty and changing
market demands;
•
Project and corporate financing to the economy - in terms
of the high level of uncertainty, the bank focuses on the assessment
of individual company operations and cost of financing such
activities, rather than financing the overall business of the company;
•
The emergence of securitization - it is about redirecting
the bank on the issue, purchase and transfer of securities at the
expense of lower-class deposit banking - lending operations. So, it
is a unifying and "repackaging" (transformation) of loans in
securities securities. This is a way to improve the balance sheet
structure and establish an appropriate relationship between
revenues, costs and risks;
•
The use of electronic banking - forma banking business
where the funds are transferred through electronic exchange of
signals between financial institutions and between those institutions
and business customers rather than with cash, or obračunskmim
money;
•
Supervision - monitoring banking - supervision of banks,
especially becomes important in terms of maximum liberalization,
which is done on the one hand, the Bank strengthen the function of
internal audit and control and, on the other hand, the Central Bank
or other competent authority, where the purpose achieving a balance
between the goals of individual banks and the general socio economic objectives.
In modern commercial banks, one of the main problems is
their efficient management. In terms of deregulation on the one
hand and globalization, on the other hand, as well as the increasing
presence of rapid and accelerating change in the business
environment is increasingly coming to the fore the importance of
the ability, or inability of the bank as an organizational entity to
achieve the objectives of its development. In such circumstances,
when the bank for each individual environment and business
conditions in the market to give high quality and capable
management team represents the first precondition that the bank has
efficient management.
In modern and essentially changed
conditions compared to the previous period the management team
as a collective body and no individual team members are needed to
universal and the specific knowledge and for banks to get in this
business to be successful.
Management represents an individual or team which is
responsible for the analysis, preparation and decision making, as

INTRODUCTION
Planning as a managerial function has become necessary
for survival in the market. The business environment has undergone
a drastic change, and made it difficult for the conduct of the
business system towards the realization of the set goals. In this
paper, the business focus of the system banks - financial
institutions. Since we are talking about specific business systems
methods and techniques of management is difficult to apply. Once
applied methods and techniques in the conditions of competition do
not give the desired effects. In the current conditions of planning
was given the primary role of making it difficult for managers of
financial institutions, their actions.
This article is not intended to describe the plans as a result
of the planning process, but only that reference to three categories
of planning that can be applied in the banking system and facilitate
business: situational and alternative planning.
Modern trends in banking
Banking transformations in the past two decades, the
process of creating an efficient and secure banking is focused on: 1
• The increase in bank capital strength;
• Improving the efficiency of banking institutions;
• Focusing on bank liquidity, capital structure and the structure of
placements;
• Losing strict division between investment and commercial
banking;
• Strengthening of measures for the improvement of my bank
solvency;
• Cleaning assets and liabilities of Bank of unprofitability;
• Narrowing rights under the axle of deposits banks;
• Increased control by central banks, namely regulatory / control
institutions;
• Arranging and Cleaning of the banking system of inherited and
accumulated losses, especially in emerging economies.
In developed economies, the transformation of the
banking system, which lasts already for several decades. Of major
importance in the changes taking place in the banking industry of
USA, UK, Germany and Japan, as an economy with the highest
weighting in the financial system.
In these countries, in recent decades there has been a
strong competition among banks. Banks are therefore lose a
significant part of the financial market, especially in the United
States. Therefore, banks are beginning to exert a strong expansion
in the variety of products and services they provide and are
increasingly recognized as important participants in the financial
market, to counter the competition of non-bank institutions and at
the same time looking for higher profit margins. It is, however,
coupled with the high rate of investment risk compared to
traditional banking services.
Modern trends in banking management
In recent decades there has been a serious change in the
economic, technological and social development which also reflects
1
Živković, A., Komazec, S., Ristić, Ž., Berzanski i bankarski
menadžment, Viša poslovna škola, Beograd, 2002., str. 517-530.
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well as their implementation to the benefit of the organization they
represent. In addition to their ability and the quality of management
is very important to emphasize that in contemporary business bank
manager or management team, must possess the leadership
qualities, knowledge and skills. Leadership is reflected in:
• continue to improve the performance of employees,
• developing products and services that are going to meet the
market demand,
• an improved quality of service and
Leadership in modern conditions is necessary and it
represents a higher quality compared to the managers and their
abilities. The managerial knowledge and skills in modern conditions
are not sufficient for the effective management of the bank, but
leadership. The basic characteristic of a leader is that the
development vision of the organization he represents, in this case
commercial banks, as well as in that through the organization and
mobilization of human resources, set goals realized. In terms of
business leadership and management of the banks includes a set of
traits followed by:
• possess a clear vision of development and operations,
• clearly explaining the development and business vision to
employees and the public,
• entrepreneurial spirit,
• tendency to perfectionism.
Therefore, it can be said that managers are senior
executives who manage what exists in our organization, and there
are more directed to one adjustment initiated various projects and
development, while the leaders of the people that exist in the
organization and operation of the change in adapt to rapid changes
and the operating conditions. It should be emphasized that
leadership is necessary not only at the highest hierarchical top of the
organizational pyramid, but on all key crossing points of the
organizational structure.
One of the essential elements necessary for a modern
knowledge of the conduct of the Bank's process of banking
techniques and technologies. From the highest to the lowest level of
management decisions have to be quick, decisive and does not
correspond to e, which assumes complete knowledge of the way in
which individual decisions will be implemented when e is realized,
in what period and what will the consequences or results bring the
bank, or nim its individual parts, as well as how to be in the
implementation of individual decisions affect the balance sheet of
the bank. In addition to the complete knowledge of banking
techniques and modern technology managers of banks need to have
as a necessary additional skills in management.
Characteristic of the contemporary conditions of
globalization, deregulation at the national and the supranational
level of control and quick and faster changes, the increase in the
level of risk certain operations of banks and businesses in general.
In such circumstances, there is no more strict, fixed interest rates
and relatively high interest margins. On the contrary, banks are
exposed to rapidly changing business conditions, as well as all the
stronger competition of non-banking institutions.
So, one of the critical factors of effective management of
the bank's top management, and its top management. At this level,
the following problems can go marked as the key to effective
management of the bank:
• ability to manage change,
• strategic planning and strategic management approach,
• flexible organizational structure,
• strong marketing orientation.

prominent character of this category of planning, the same should
be included in regular planning as a separate category, in order to
achieve minimizing the potential risks for the bank.
The essence of alternative planning relketovati can be a
way to pre-analyze and react to events with high potential crisis and
to make a plan in response to their emerging. 2
This category of planning does not mean it can always
eleminsati in a negative influence, but can be at least mitigated.
Alternative plans are understood to be roughly designed
or detailed plans, which are kept in readiness for various possible
future situations, it upcoming. 3
Thus made plans for management helps to reduce
surprises and consequences if a predicted event a reality. In this
way, managers pay attention to the possible potential events in
addition to the safe. This planning managers have space for making
adequate and reliable decisions that will bring about the realization
of the objectives and planned results.
Possible events are: predictable, unpredictable, controlling
and nekontrolišući. Worst event category for the banking system is
uncontrollable (the emergence of new technology, changes in laws
and the like.).
The process of this kind of planning consists of the following
activities:
Determining crisis events and their probability events. For
this activity is mainly linked the question "what if?" (What if you
lose a key customer, what if a new technology that is more
competitive than ours?).
After identifying these key events is necessary to
formulate a strategy to overcome these events. For the
implementation of the strategy it is essential that a bank that has
prerequisites, primarily management and adequate comprehensible
plans.
Preventative Planning
This type of planning refers to the planning of targets and
measures aimed at crisis companies that complements or replaces
regular planning of the company. 4
It may be part of the strategic and operational planning,
but its function has if compared with situational planning. Unlike
situational planning, preventive planning is characterized by a very
high degree of warning the occurrence of events in the region. With
this characeristics emphasizes the significance of this kind of
planning for the banking system.
The main characteristics and functions of preventive
planning is to amortize the impact strength of the region and to act
through adequate strategic orientation. Characeristics based on these
categories of planning can identify the key activities of this category
planning. Continuous monitoring and analysis of current trends and
market indicators, to predict the possibility of failure.
CONCLUSION
How could that category of planning had its usability in
the banking system, it is necessary to construct a model by focusing
on relevant indicators of the bank. World practice has shown use
models with appropriate strategies and plans, which were created
based on many years of management experience.
In this paper, only the basic characteristics of the planning
that can be used in the banking system. Regardless of the use value
above categories of planning in the banking systems, planning is
key to the success of any organization, including the banking
system. These two categories of elaborate planning not only in
literature, but perhaps still most useful for the banking system. Fully
use this kind of planning will have when konstrišu models with
appropriate indicators. This is a demanding venture that will be the
subject of future research work.

Planning for the improvement of Banking System
Situational Planning
This method is generally viewed the bank's environment
and events that could affect the Bank's operations. The significance
of this method of planning is often neglected, which is certainly
reflected in the realization of the goals, and ultimately the results.
Contingency Planning podarzumijeva making matrix the
vulnerability of a bank to a certain degree of probability. With

Stevnović, S., Planiranje u bankarskom sistemu
Krystek U., Unternehmungskrisen, Gabler, Wiesbaden, 1987.
4
Senić, M., Krizni menadžment, Beograd 1987.
2
3
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PROBLEMS OF MOTIVATION AS A FUNCTION OF MANAGEMENT IN
ORGANIZATIONS FROM THE SOCIAL SECTOR
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Abstract: Organizational management in the social sector includes several main functions and the motivation is one of them. It can
influence the success of the company negatively or positively, therefore it takes an important role. Motivation is based on various types of
needs arranged in those models, approaches and theories. The multiple attempts to explain it have not come up to a single scientific
explanation that is equally suitable for all organizations. Furthermore, the needs of motivation change due to factors like the dynamic
environment in which companies today function. The globalization also produces new opportunities and risks for the motivation. The current
material will attempt to collect and compare various motivational theories, and present some existing issues. Although there are similarities
between the works of scientists in this direction, so far there is no universally applied guide for managers. Considering the changing needs of
the management in terms of motivating their personnel, it is necessary to explore what problems are present in the motivation and search for
possible solutions for them.
Keywords: MOTIVATION, FUNCTIONS, MANAGEMENT, ORGANIZATIONS FROM THE SOCIAL SECTOR

-

1. Introduction

-

According to Murray and Holmes, the environment
changes dynamically and faster than ever which is the situation in
which organizations today have to work, exist and develop. As a
consequence, all the functions of the management are subject to
being reviewed and reconsidered. Motivation, as a management
function, is also influenced by them. Since all people are different
and have unique thoughts, feelings and act differently, motivating
workers takes place in various ways. It is important, because
managers have to perform it every day [Gordon, J., 2002] and the
company achievements are related to it. Nbu suggests that that
employees’ performance can be explained mostly with motivation
and ability. He defines motivation as the enthusiasm and persistence
which a person shows while performing a certain task while the
ability relates to the competence of the performer. According to
various authors, motivation can be defined as a goal directed
behavior driven by internal and external forces that determine the
direction, level and persistence of one's efforts at the workplace
[Nbu quotes Nelson and Quick, 2003, Luthans, 1998, and Pinder,
1998; Robbins, 2001]. Motivation is claimed to be "an internal
psychological process". The same source provides also a definition
for it, similar to the one present here above in this material, and it
reviews the three levels of motivational determinants (individual,
organizational, and cultural and client) as well [Partnerships for
Health Reforms: Primer for policy makers: Health worker
motivation and health sector reform, 2016]. Most discussions in the
literature relate motivation mostly to:
Needs, drives, stimuli and triggers;
Goals, desired outcomes;
Approach versus avoidance (pleasure versus pain);
Performance (actual), response, effort;
Valence (attractive value), incentive;
Expectations (of reward, satisfaction);
Reinforcement;
Abilities, intelligence, awareness (of options);
Perception of reality;
Personality differences;
Management attitudes/ assumptions about people
[Cole, 1995].

-

-

Physiological: they refer to the needs for food, water,
shelter, etc. that are most basic for the individual;
Safety and security: they describe the desire that a
person has for security and protection;
Belongings and love: the focus here is on the social
aspects of work and nonwork situations;
Esteem – this level of the hierarchy refers to the
concerns a person may have for mastery, competence
and status. According to Gordon [2002], some
people who show needs for esteem, may also desire
recognition for their accomplishments and they may
want the material symbols of success like a big
office, an executive job title, recognition from the
public, other privileges and rewards associated with
success like club memberships or a luxury
automobile;
Self-actualization: the needs for it reflect the desire
of the individual to grow and develop to his or her
fullest potential; here the opportunity to be creative
on the job is included as well along with desires for
autonomy, responsibility and challenge.

2. Motivation theories
Needs-based theories include Maslow's hierarchy of
needs, Alderfer's theory, Herzberg's theory and McClelland's needs
theory [Lambrou, Kontodimopoulos and Niakas, 2010] (A very
good comparison is presented in fig. 3). Maslow’s needs include
(fig. 1 and fig. 3):

Fig. 1 Maslow’s hierarchy of needs
Alderfer’s needs include existence, which encompasses
the physiological needs and the needs for safety and security from
Maslow’s pyramid; the next level is relatedness which corresponds
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to belongingness and love; the last level is growth which
encompasses esteem and self-actualization.
A visualization is shown on the following figure:

theory – especially the work of Vroom, Equity theory, Goal theory
– especially the contribution of Locke, Attribution theory –
especially the work of Kelley, Reinforcement theory – process
theories) [Cole, 1995, p. 129] but since there is a large variety, only
a few of them are mentioned in this short material.
Theories based on intrinsic factors focus on internal
thought processes and perceptions about motivation (e.g. Adam's
equity theory, Vroom's expectancy theory (fig. 4), Locke's goal
setting theory) while the effect of external factors and their role in
understanding employee motivation include other theories like
Skinner's reinforcement theory [Buchbinder, Shanks, 2007]. An
instrument developed for measuring motivation based on Maslow's
and Herzberg's theories consisting of 19 items is presented by
Paleologou et al. These items are grouped under four distinct
motivational factors. The job attributes factor encompasses 7 items:
authority, goals, creativity opportunities, clear duties, job control,
skill exploitation and decision-making. The remuneration factor
encompasses 4 items: salary, environment, retirement/ pension and
absenteeism. The co-workers factor encompasses 5 items:
teamwork, job pride, appreciation, supervisor and fairness. The
achievements factor encompasses 3 items: job meaningfulness,
earned respect and interpersonal relationships. Motivational theories
can be divided into two categories, content and process theories.
The suggestions of the first group are that all individuals possess the
same set of needs, while the latter stress on the difference in
people's needs and focus on the cognitive processes that create these
differences [Paleologou, V., N. Kontodimopoulos, A. Stamouli, V.
Aletras and D. Niakas,].

Fig. 2 Maslow’s hierarchy of needs and Herzberg’s motivationhygiene theory
Herzberg’s theory found out that job satisfaction is a
major factor for motivation. The work is divided into hygiene
factors and motivators as table 1 shows:
Table 1: Hygiene factors and motivators
Hygiene factors
Motivators
Job
No job No job
Job
dissatisfactio dissatisfactio dissatisfactio
dissatisfaction
n
n n
Pay
Meaningful work
Status
Challenging work
Recognition
for
Security
accomplishments
Working conditions
Feeling of achievement
Fringe benefits
Increased responsibility
Policies and administrative Opportunities for growth and
processes
advancements
Interpersonal relations
The job itself
Hygiene factors relate to the context of the job like
company practices, wages, benefits and working conditions. They
do not motivate but it is believed that they should be at a certain
level so that motivators will have a positive effect. Motivators relate
to the content of the job like responsibility and growth; they satisfy
higher order needs and their results are job satisfaction.
According to McClelland's needs theory, three types of
needs exist: for achievement, affiliation and for power (fig. 3
presents a visualisatin of Alderfer’s, Herzberg’s, Maslow’s and
McClelland’s theories):
Need for achievement: it reflects the desire of the
individual to accomplish goals and to show mastery
or competence, also performing a certain job fast;
Need for affiliation: it is similar to Alderfer’s need of
relatedness and Maslow’s belongingness need
(interaction, love, affection);
Need for power: this is the need to control the work
that a person or others perform.

Fig. 4 Vroom's expectancy theory [Nimri, 2016]
Vroom’s expectancy theory has been proven worthy.
Lawler and Porter present a modified expectancy theory (fig. 5):

Fig. 5 Lawler and Porter's modified expectancy theory
Chiang and Jang used an adjusted expectancy theory
model based on Porter and Lawler's modified model (fig. 6) [Nimri,
2016]:

Fig. 3 A comparison between Alderfer’s, Herzberg’s, Maslow’s and
McClelland’s theories [Baxter, 2015]
There are more theories as well (F. W. Taylor and
Scientific Management, Hawthorne Studies, Socio-technical
Systems, D. McGregor, etc. – content theories, and Expectancy
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Abejirinde, 2009; Baibaita, 2010; Geofrey, 2010, and Akanbi, 2011
which Nbu quotes].
A study that has been carried out in 3 different regions of
the world (North America, Asia, and Latin America) within one
organization is reviewing staff motivation from the employees’ and
managers’ point of view. In all regions the employees claimed to
have intrinsic rather than extrinsic incentives in relation to their
performance appraisal. On the other hand, the managers reported
different information. In North America they perceived their
employees to be more extrinsically than intrinsically motivated, and
vice versa - in Latin America. Asian managers considered that both
types of motivation are important [DeVoe, S. E. and S. S. Iyengar,
2004].

3. Motivation of the personnel: in assistance to
the managers
Creating a system that can motivate the employees is not an
easy task since each person is unique. Also, in each company a
different set of motivations would work since the desires and needs
of workers could vary greatly. Factors like power and status
differences, security and uncertainty avoidance, praise, pay
increases, job flexibility, job titles, etc. would be valued differently
around the world. Various standards of living and cultures will
result in unique motivation combinations which becomes a great
challenge to managers.
Still, there are categories of incentives that have been defined in
assistance to this task:
Piecework systems: they represent a payment to the
worker based on an item produced, i.e. according to
the individual performance (like assembling
electronic parts or sewing together pieces of a
clothing);
Commissions: they are given for a certain level of
sales rather than for a certain number of produced
items; this could be in the form of a percentage of
total or new sales or a compensation for a quota that
has been reached;
Bonuses: they are given once or they could be a lump
sum for one’s exceptional performance;
Gainsharing programs allow workers to share
bonuses for a group performance after productivity
improvements.
Another type of motivation outside this classification is
motivation through employee ownership. This means that the
employee can own part of the organization or stocks. There are
countries benefiting from these types on incentives like the USA,
Germany and China.

Fig. 6 Chiang and Jang's modified expectancy theory model [Nimri,
2016]
In recent years more and more employees are able to get
an individual financial stimulus because of their individual
achievements at work. This is logical for companies because they
expect the staff to be knowledgeable in order to be able to perform
well. On the other hand, a main factor for the success of companies
is considered to be the corporate culture (the values and standards
followed in the company). Both factors are considered to be main
motivators by other researchers as well [Dieleman, M., P. V.
Cuong, L. V. Anh and T. Martineau, 2003]. Some authors consider
them as a part of the four work-related motivators (job attributes,
remuneration, co-workers and achievements) [Lambrou,
Kontodimopoulos and Niakas, 2010]. This poses the question
whether the financial motivation is more important or adhering to
company values and standards. According to psychology and
sociology people are motivated mainly by feelings like love and
hate, and values like honesty, honor and dignity [Murray and
Holmes, 2009].
There are studies that analyze employees’ motivation in
different countries like the work of Usugami and Park who compare
Japanese and Korean personnel motivation. Companies in both
countries have an understanding of the importance of staff
motivation for the performance of the company and satisfaction of
both clients and employees, but Japanese organizations have a
comparatively stronger awareness of it. In those two countries the
financial stimulus is very important. A difference that has been
established is that Korean organizations regard as a factor for
motivation the “employment stability”. A major motivational factor
for Japanese companies is “clarifying company policy and job
objectives” [Usugami and Park, 2007].
Other authors like Christophel and Kay present that
communication openness of the managers was positively and
significantly related to motivation [Kay and Christophel, 2009].
It has been established that in Japan for example the
motivation of the personnel is moving from a more traditional,
collective/ company orientation towards more self-orientation
[Brislin, MacNab, Worthley, Kabigting and Zukis, 2005].
There are authors that explore and present models which
can increase internal motivation on the workplace like Oldham and
Hackman. They have developed one which includes three main
factors: (a) the psychological status of employees that must be
present for internally motivated work behavior to develop; (b) the
characteristics of jobs that can create these psychological states; and
(c) the attributes of individuals that determine how positively a
person will respond to a complex and challenging job [Oldham and
Hackman, 1976].
Nelson and Quick also relate to the suggestion that when
employees’ motivation is high, this leads also to a high job
performance and fewer employee complaints. There are various
models/ scales based on the positive correlation between those two
factors that have been adopted in studies besides Herzberg's [like

4.

Conclustion

Based on the various materials presented and reviewed in this
report a few conclusions can be drawn in relation to the
motivational role of the managers in the organizations from the
social sector:
The models and theories that have been created so
far offer various opportunities and can be used in
parallel;
Each model, approach or theory should be used in
accordance with the views of the management. As
mentioned in the text, each organization is unique
and therefore the methods that can be applied in
order to obtain certain results will vary;
The application of a specific model or theory cannot
always guarantee the achievement of the desired
results.
There has been plenty of scientific work and a long list of
theories exist on employees’ motivation. This material presents only
a few major theories without any claims that it is exhaustive. A
large number of the data presented above originates from scientific
articles, reports and books on research made in the public sector and
more precisely – organizations in the social sphere. The latter falls
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within the strong interest of researchers which leads to plenty of
data based on real life actual results available in the literature.
Motivation for work has been extensively researched through the
years. The results could also be used by employers [Yordanova,
2009; Pencheva, 2009; Andreeva et al., 2010; Beloev et al., 2014;
Dobreva et al., 2014; Yordanova, 2005; Yordanova, 2011;
Yordanova, 2013, Yordanova, 2015; Kyuchukov and Kunev, 2007;
Naydenov et al., 2015; Paskaleva, Ruskova and Kunev, 2005;
Pencheva, 2008; Pencheva and Yordanova, 2009; Stoyanov, Iliev
and Doychinov, 2014].
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factors combine, ie how they act simultaneously, and not separately.
It must show in what simultaneous effect of the factors a maximum
positive result can be expected and to what extend the effects of
some of the factors will increase the competitive capabilities of the
company. This analytical tool is the indicator of the potential of the
enterprise to improve its competitiveness. Its use can generate a
general evaluation and perform multidimensional analysis of the
capabilities of the enterprise to increase its competitiveness. "[2]

1. Introduction
The main source for making a profit in a competitive
environment in an enterprise is the production and marketing of
products and services to domestic and foreign market, in the core of
which lies the principle of limited resources and their effective use.
The enterprise is alive and complex organism in a state of
continuous development, which passes through different phases and
problems. While for humans time is a decisive factor, for the
enterprise it is not. Proof of this is the existence of companies with
centuries of history and those that drop out from the legal world.
The owner of the enterprise should be aware of at what stage of the
development the enterprise is, with the issues, risks and decisions at
every stage of the life cycle of the enterprise. Nowadays the
formation and development of innovative potential is an important
factor for the development of the industrial enterprise. It is
associated with the use of results from research and development to
create a fundamentally new technology for deployment in the
production and the creation of fundamentally new production and
its implementation in the market. "In the market economy, the
company’s success depends more and more on the skills to search
and and implement new ideas, to cultivate innovative spirit and
entrepreneurship. So the modern state, science and technology and
innovation policy is aimed at promoting innovation activity and
business innovations”.[4]

In terms of competition, the unstable and negative external
business environment now requires effective development strategy
in relation to which is needed and necessary funding of the
processes. The financing of certain industries and research appears
as an instrument in achieving the strategic goals of the enterprise,
ensuring competitiveness, and control and analysis activities.
"Managing costs must include a complex of measures aimed at
efficient and rational use of all factors of production." [8]
The following relate to the external factors: relationship with
suppliers of raw materials and users of goods and services,
positioning the brand in existing markets and expansion into new
opportunity to attract external financing on acceptable price and
financial attractiveness of the enterprise, contacts of the senior
management with established financial institutions, the state of the
infrastructure, where the establishment is located, etc.
"Under the temporary factors, providing increased business
competitiveness, we understand the speed with which the operator
is able to create the necessary assets or to refine them." [8] That
classification is used in large enterprises and incorporates in on
strategy the three factors which provide a stable position and
advantages in the market. Such a strategy may be: focused on
innovative technologies that are patented and registered as
intellectual property for the production of competitive products and
create research centers to develop and organize the structure of the
control, management and organization of production, to respond to
problems; orientation towards the client to meet its needs, optimize
business processes based on the use of information technology;
availability of highly qualified personnel and its constant
development and training, forming a potential or financial ability to
attract investors and others. Besides that currently we need to bear
in mind subjective and objective factors that at some point may
have a negative impact on competitiveness. As such can be
mentioned decrease in labor productivity due to wear and tear of the
equipment, lack of qualified personnel, lack of investment in
production, lack of effective organizational structure, deterioration
in the financial condition of the company and others. Subjective
factors are related to: reduction in labor productivity due to the
presence of difficulties of a different nature that slow down the
processes and the absence of a developed corporate culture of the
business entity that does not motivate employees, lack of
profitability and efficiency as a result of costs incurred, reducing
labor productivity as a result of errors in the management system
and the selection of short-sighted and flawed strategy, reducing the
rate of the turnover of the working capital due to deterioration of the

SUMMARY
The opinion of famous scientists is, "... that substantial
qualitative and quantitative growth of the economy operator is only
possible on the basis of finding new and very effective
combinations and use of the whole variety of resources." [6] There
are three different factors, ensuring the growth of the business
competitiveness: internal, external and temporary.
The following can be relted to the internal factors: presence of a
modern system of distribution of production, constantly conducting
research studies that are designed to improve production and
satisfying user requirements for range, quality and quantity of
production, availability of high qualified personnel, and availability
of quality organizational structure. "At the same time the results of
the wrong choice and building the organizational structure of
management as a rule, is left with unbalanced interests and the
absence of effective mechanisms for interaction of the internal
elements of the economy eneterprise between themselves and the
environment" [7] For this purpose, the level of competitiveness of
the following internal factors is studied: sales volume, complex
work with clients, establishing and maintaining the necessary
database for future potential and current customers, increase of the
interchange of information, quality transition to individual work
with customers and others. "The analysis of the internal factors of
the enterprise gives an idea of the level of development and the
importance of individual factors, but can not give an overall
assessment of the entity's increased competitiveness. It is therefore
required is an analytical tool that shows how the actions of internal
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macroeconomic situation in the country and an increase of the
internal debt between businesses and others. The strategy to
increase the competitiveness of the operator must ensure market
leadership, presentation of a complex of measures for development;
eradicate the influence of negative factors of an objective and
subjective nature.

assets from equity and long-term loans. The goal is acceleration of
the turnover of corporate activity and high liquidity that are a
guarantee for positive financial results. The fixed assets of the
company are a guarantee to lenders for mortgage and pledge when
applying for a loan of a certain amount. The cost of equity is
defined as the ratio between the net profit of the company to the
value of the equity of the company in Levs and the relation between
dividends which the equity holders expect to get to the market price
/ rate / per share in Levs." [3 ] According to Merzlov "... for the
development of an effective strategy for increasing the
competitiveness of financial and investment potential of the
operator is connected with taking into account traditional indicators
of financial sustainability, profitability and liquidity, as well as
analysis of the potential and dynamics of formation of investment
resources is clearly inadequate. "[8]

The development of the enterprise development is directly
linked to attracting additional funding. "In other words, this means
that in most cases the available cash flow is insufficient (or require
significant time costs associated with the accumulation of the
required amount of payment means) to provide a further
development including on the basis of the conversion of investment
projects." [13] According to the Accounting Act the composition of
borrowed capital includes loans, liabilities and funding. [1]
Under the term “financial competitiveness”, we understand the
ability of the entity to finance its sustainable development and to
provide adequate application for a given sphere of the investments,
increase of the profitability, increase of the value to the business
and preservation and development of the competitiveness. The
financial potential is part of the economic potential and the ability
to finance the development of the enterprise and to provide the
necessary resources. "For the financial and economic potential as an
integral part of the economic potential we understand the totality of
financial and investment opportunities of the operator, allowing him
to carry out effective operational and investment activities aimed at
developing key factors of competitiveness." [8] The financial
stability of the enterprise is the ratio between own and borrowed
funds.

Improving the competitiveness of small and medium enterprises
(SMEs) is one of the main objectives of the cohesion policy of the
EU for the period 2014-2020. [18] "... It is expected that during the
period 2014-2020. SMEs will benefit from increased use of
financial instruments to mobilize additional financing from the EU
and national and regional funding. "[15]
All enterprises develop their specific internal pattern and go
through different stages in their development. The main stages are
conditionally divided into the stages of the birth of the very
structure, growth, maturity, decline and death, which are widely
spread and considered by various authors. In the modern theory of
the life cycle is placed the understanding that the ndustrial
enterprise is a complex organism and is in a constant state of
development and goes through different phases. At each stage of the
development it faces certain problems. "The average lifetime of the
organization is affected by a number of factors, including company
size, industry affiliation, diversification, market conditions, success
of management (structure, strategy, image, corporate ideology and
corporate culture) and others. "[16] The main models are created at
different times and the majority have been developed in the US in
the second half of the twentieth century. In theory, global lifecycle
has more than twenty models and lacks consensus on the
mechanism of transition of the enterprise from stage to stage and
accordingly the number of these stages in the life cycle. Such
models are the models of Greyner, Tolbert, Galbraith, Shane,
Flamholts, Adizes, and many others. The most famous models of
the lifecycle of the enterprise are the models of L.Greyner and
I.Adizes. According to the model of Greyner the enterprise moves
through the stages in which each evolutionary period creates its own
"revolution ... this is a period of rapid development of the
organization that requires serious review of the management
methods." [16] While the model of I.Adizes focuses on the
differences between growth and aging or "... in the methodology of
Adizes the attention is focused on two vital characteristics of the
organization (analogous to the human organism) - flexibility and
controllability (manageability). The flourishing phase of the
organization starts when both characteristics are crossed and a
balance is achieved between control and flexibility. "[16]

The successful implementation of investment projects and
intentions have a beneficial and a great impact on the growth of the
economic and competitive potential, the latter of which is directly
dependent on the financial competitiveness and causes an increase
in the cash flow in the company. The financial sustainability of the
enterprise influences the ratio between equity and loan capital. The
activity of the enterprise is vital to be able to rapidly introduce the
latest advances in technology and efficient use of limited resources.
It all depends on the financial capacity and organization of the
production. The opportunities for funding from the owners
themselves are limited and are from the profits of the enterprise or
from attracting additional funding and increase of the capital by the
owners. "Under optimal capital structure we mean that a structure in
which the weighted average cost of the capital is minimal and the
market value of the company is maximum. There are classic rules
for maintening certain ratios and the ratio between the assets of the
company and its capital. "[3]
The use of means of the enterprise itself does not allow for its
future development and reduces competitiveness and its main
opportunity remains the external financing in order to increase the
scale of its ongoing work by increasing the working capital and for
the quality realization of the investment projects and intentions. "In
practice there are used other forms of financing, namely the leasing
and factoring. Leasing is widely used as a way to provide long-term
assets, for which the user pays a certain price, in this case a rent,
which is negotiated between the lessor and the lessee, the latter is
obliged to take care as a good possessor of the assets. The lease
allows for the initial investment to be lower, which relieves
financialy the companies without making large investments.
Factoring is a form of purchase of receivables of a client, ensuring
risks and short-term lending. As we found, the capital of the
company has a variety of sources, which gives us the right to treat it
as a resource like any other company resources and every resource
has a price depending on it sources."[3]

There is a connection between the economic potential and the
theory of the life cycle of the enterprise. Berdnikova considers two
forms of diagnostic of the potential. [5] The comprehensive study
covers all activities that form the enterprise by making an analysis
of the entity to provide a certain volume of production, work and
services. Many economists propose to analyze the potential in terms
of the internal capabilities of the enterprise and the evaluation to be
done on the basis of all constituting elements. The total size of the
economic potential of the enterprise is presented as the sum of the
constituent elements of the potential which are expressed in value
form. The expression is as follows:

There are classic rules for maintaining a certain ratio and the
ratio between the assets of the company and its capital. Most
commonly used are the static funding rules, namely vertical and
horizontal. "... .F.Hofmaster offers that to the financial managers the
so called "Golden rule". According to the rule, the current assets of
the company are covered by equity and short-term loans and fixed

EP = ∑EPi , (1.1.)
Where EP is the aggregate economic potential in the n- number
constituting elements of the economic potential.
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The maximum value of the economic potential is defined as a
generalized feature. This approach allows revealing the hidden
reserves for better development of the enterprise in a competitive
environment. The Law on Development stipulates that "... each
material system aims to reach the largest aggregated potential when
passing through all stages of the life cycle ..." [11] According to the
definition it is clear that the value of the economic potential and its
composition and the elements comprising its composition from the
different stages of the life cycle of an enterprise will not be uniform
and one and the same. At the various stages of the life cycle of the
enterprise the influence of a particular element on the economic
potential is different. The evaluation of the economic potential must
take into account the impact in the ratios of the elements, the types
and degrees of compliances, and the impact of the internal and
external factors on the economic potential.

underlying uncertainty of the result; The absence of the necessary
information about market needs of innovative products and
advanced scientific and technical achievements; The inefficient
work of the marketing service; Lack of motivation of the staff,
taking into account the increased importance of the individual
specialists. " [4]
An important point in the development of an innovative strategy
for development and analysis of external and internal environment
are existing risks in micro and macroeconomic perspective. Based
on the data analysis are identify the innovative goals for
development of the senior management of the enterprise. The
guidelines are to increase the competitiveness through production of
new products, technologies, optimization of the cost of
manufacturing and others. The strategy for development is defined
and the assessment of the innovation potential and "... the
innovation strategy has several features that should be analyzed
during the building, namely: the targeting direction of the strategy;
the nature of the strategy; the technological position in relation to
competitors; the moment of penetration in emerging sectors
(markets); the sources of new technologies, products and
experiences; R & D funding. In order to be effective, the innovation
strategy must result and support the implementation of the overall
strategy." [17] The development of the innovation strategy is
implemented only by the higher hierarchical level of the
management and during its development is taken into account the
effectiveness of the existing strategy and the necessity for
adjustments. Regardless of the different level of the innovative
potential of the enterprise, its policy must be geared towards
separation and use of funds for conducting research and
development that are aimed at conquering a leading position in the
industry nationally and internationally. To develop such a program,
the issues related to financial security, organization and control of
the implementation and evaluation of innovative potential should
have been resolved.

According to a group of scientists, the innovative potential of
the industrial enterprise represents the degree of readiness to
perform tasks ensuring the attainment of the set innovation goals,
the state of preparedness for the implementation of innovative
projects or programs for innovative reforms and introduction of
innovations.[12] According others, the innovation potential is the
combination of different types of resources, including material
production, financial, intellectual, scientific, and technical and other
resources required for the implementation of the innovation
activity.[10] There is another opinion that under innovativeness it is
understood the system factors and conditions necessary for the
implementation of the innovation process. The basis for assessment
of the state of the innovation potential are accepted the
opportunities that are available to the enterprise for its own
innovation activity. [9] Based on these approaches, the innovative
potential of the industrial enterprise is of course its ability to reach
targets under the existing stock intellectual, technical material,
labor, financial and other resources serving the relevant
infrastructure. Hence the innovation potential depends on the
specifics of the activity of the industrial enterprise, its size and
receptivity to innovation.

CONCLUSION
As a result of the conducted survey it was found out that the
establishment of an effective mechanism for management and
evaluation of the innovation potential will contribute to making
sound strategic decisions based on the assessment data and research
to increase the efficiency of use of the available resources and
business opportunities.

As it was already mentioned, in contemporary literature, to the
management of the innovation potential is given a particular
attention and the generally accepted definition of innovation
potential as an economic category is missing. From the analysis it is
clear, that the structure of the innovation potential is not fully
explored. Currently, there are various accepted structures of the
innovation potential that contradict each other and do not express a
clear boundary between economic and innovative potential. It is
necessary to mention that the innovation potential is not equivalent
either in size or scale of the economic potential of the enterprise.
[14] The economic potential is a combination of the following
potentials: technological, logistical, financial, labor, information,
research, marketing and organizational management, the
development of which is a continuous process. The structure of the
innovation potential is identical to the economic potential, the
innovation potential is a part of these potentials which is used for
the realization of the innovative project or program. It should be
noted that to the innovation potential of the company is also
leveraged that part of the labor potential, which we designate as
intellectually creative. [14] The innovation potential is that part of
the economic potential that represents the realized and unrealized
opportunity to implement innovative projects or programs for
innovative reforms and implementation in order to increase the
competitiveness of the enterprise. Huge influence on the
development of the enterprise has the factors of the market
environment and as a problematic element of the development
potential is the lack of an effective mechanism for enterprise
management. There are many unresolved issues, and as such can be
mentioned the following: "Insufficient funds, underlying demand
for sources of funding and rational use of available and reasonable
selection of prospective directions of innovation; The absence of a
methodology for complex assessment of the innovation potential of
enterprise; The necessity of a systematic technological renovation
of the production with modern equipment; Increased risk, and

The conclusion we have reached from the stated, is that a
particular attention should be paid to the search and formation of
reserves for increasing the financial competitiveness as a factor in
increasing the global competitiveness. Under reserves it should be
understood the potential of the enterprise to use its own capital and
the retained earnings. And under reserves for attracting loan capital
will be understood the presence of a potential on attracting loans,
leases, EU funds and others. For the increase of the competitive
potential a significant influenced has its financial constituting, and
namely the financial potential.
The presented in this presentation models and the relationship
between the economic potential and the lifecycle of the enterprise
prove that the undertaking is a living organism and there is almost
no literature on the described problem. An insufficient number of
made and published researches on the subject make it difficult to
judge the way you can determine each phase of the lifecycle. It is
advisable to continue research in this area. Managers must conform
to know at what stage is the enterprise with the objective to make an
adequate strategic and tactical decision based on the experience and
theoretical knowledge on the subject.
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1.



Introduction

The contemporary development of the medical science goes in
parallel with the new technology and instrumentation that is used to
examine or treat conditions of the human health. Because medicine
has a lot of branches, and health conditions of the human body
differ in a great variety, so does the number of Medical devices
(MD).






2. Main chapters and annexes of Council
Directive 93/42/EEC that have tight relation to the
design of the structure of the TD

After joining the European Union (EU) all countries are obliged to
incorporate the European technical legislation in their own law
systems. Industrial manufacturers must meet all the requirements
for their products that are described in the directives and
regulations.

The process of designing the specific structure of TD of MD isn’t
described by the EU legislator and is an obligation of the
manufacturer to find the most adequate approach in its
development. The purpose of this report is to stress upon the main
chapters (Annexes) of Council Directive 93/42/EEC that give the
most specific requirements of the content for a TD and their
interrelations that describe a path leading the process of TD
development.

MDs are not an exception and they are categorized as industrial
products that should have characteristics that meet the safety
requirements stated in the directives:
Council Directive 93/42/EEC of 14 June 1993 concerning medical
devices
OJ L 169 of 12 July 1993;

2.1 Classification of MD

Council Directive 90/385/EEC of 20 June 1990 on the
approximation of the laws of the Member States relating to active
implantable
medical
devices
OJ No L 189 of 20 July 1990;

The first step in the design of TD of MD is to make a classification
of the MD. Devices shall be divided into Classes I, IIa, IIb and III.
Classification shall be carried out in accordance with Annex IX.
Following the basic rules the MD should answer the questions [3]:

Directive 98/79/EC of the European Parliament and of the Council
of 27 October 1998 on in vitro diagnostic medical devices
OJ L 331 of 7 December 1998

•
•

The responsibility of the manufacturer is to justify the safety of its
product according to the mandatory requirements given in the above
mentioned directives. This justification is called conformity
assessment and is done by developing and collecting full
documentation to which the legislator gives the name: Technical
documentation (TD). The basic content of TD is described in the
chapters of the directives. The manufacturer of MD can easily
choose under which directive falls the product according to its
general purpose.

•
•

how long the device is intended to be in continuous use
whether or not the device is invasive or surgically
invasive,
whether the device is implantable or active
whether or not the device contains a substance, which in
its own right is considered to be a medicinal substance
and has action ancillary to that of the device.

2.2 Essential requirements.
[1]The devices must meet the essential requirements described in
Annex I which apply to them, taking account of the intended
purpose of the devices concerned. [2]Where a relevant hazard
exists, devices which are also machinery within the meaning of
Article 2(a) of Directive 2006/42/EC of the European Parliament
and of the Council of 17 May 2006 on machinery shall also meet
the essential health and safety requirements set out in Annex I to
that Directive to the extent to which those essential health and
safety requirements are more specific than the essential
requirements set out in Annex I to this Directive.

The majority of MD falls under the directive Council Directive
93/42/EEC . The MD manufacturer should provide conformity
assessment and prepare TD according to all the essential
requirements that are presented.
The basic and common requirements for the content of TD are:


Technical drawings and specification of the
product’s assembly and parts.
Descriptions , explanations of the drawings and
specifications
List of harmonized standards used
Results of calculations and tests
Examination protocols

Basic description of the product
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— In the case of products placed on the market in a sterile
condition, description of the methods used,

2.3 EC TYPE-EXAMINATION
According to the procedures of conformity assessment described in
Article 11 of [1] the manufacturer should follow the procedure
relating EC TYPE-EXAMINATION in Annex III of the [1]. All
classes of MD except Class I have to include notified body in the
conformity assessment of their MD. [4] EC TYPEEXAMINATION may be carried out in the following manners:
assessment of the adequacy of the technical design of the product
through examination of the technical documentation and supporting
evidence referred to in point 3, without examination of a specimen
(design
type).

— the results of the design calculations and of the inspections
carried out, etc.; if the device is to be connected to other device(s)
in order to operate as intended, proof must be provided that it
conforms to the essential requirements when connected to any such
device(s) having the characteristics specified by the manufacturer,
— The test reports and, where appropriate, clinical data in
accordance with Annex X,
— The label and instructions for use.

3.Design of a systematic path in a flowchart
description for developing a TD of a MD

Point 3. Of Annex III of [1] gives the following description of the
documentation to be include in TD:

After studying the chapters and annexes of [1] a systematic
approach has been built to relate the MD characteristics and
purposes to the requirements in [1] a step by step system is
presented as a flowchart in Fig.1. The scheme in fig.1 has the same
expression as in [2] but is unique in its purpose.

— design drawings, methods of manufacture envisaged, in
particular as regards sterilization, and diagrams of components, subassemblies, circuits, etc.,
— The descriptions and explanations necessary to understand the
abovementioned drawings and diagrams and the operation of the
product,

Step 1. Decision made by the manufacturer of MD, which directive
(93/42/EEC; 90/385/EEC; 98/79/EEC) should be approached.

— a list of the standards referred to in Article 5, applied in full or in
part, and descriptions of the solutions adopted to meet the essential
requirements if the standards referred to in Article 5 have not been
applied in full,

Step 2. Applying the rules in Annex IX Classification
Step 3. Choosing the class of the MD

— The results of the design calculations, risk analysis,
investigations, technical tests, etc. carried out,

Step 4. Examination of essential requirements in Annex I and
selecting the one applicable with the class of the MD.

— a statement indicating whether or not the device incorporates, as
an integral part, a substance as referred to in Section 7.4 of Annex I
and data on the tests conducted in this connection,

Step 5. Selecting and applying the specific requirements of the MD
in design and construction in p.II Annex I
Step 6 .Developing the documentation listed in Annex III EC-Type
examination

— The clinical data referred to in Annex X,

Step 7. Developing the documentation listed in Annex VII p.3 – List
of necessary documentation.

— The draft label and, where appropriate, instructions for use.

2.4 TD of Class I MD

Fig.1 flowchart description for developing a TD

Class I MD is the only class of product, which conformity
assessment can be carried out without the participation of a notified
body. As [1] states: “In the case of devices falling within Class I,
other than devices which are custom-made or intended for clinical
investigations, the manufacturer shall, in order to affix the CE
marking, follow the procedure referred to in Annex VII and draw up
the EC declaration of conformity required before placing the device
on the market.”
The list of documentation for this case is described from [1] as
follow in annex VII p.3:
— A general description of the product, including any variants
planned,
— Design drawings, methods of manufacture envisaged and
diagrams of components, sub-assemblies, circuits, etc.
— The descriptions and explanations necessary to understand the
abovementioned drawings and diagrams and the operations of the
product,
— the results of the risk analysis and a list of the standards referred
to in Article 5 , applied in full or in part, and descriptions of the
solutions adopted to meet the essential requirements of the
Directive if the standards referred to in Article 5 have not been
applied in full,
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4.Conclusion
Choosing
Annex I the
Class
of MD
Essential

The systematic approach shown as “flowchart description for
developing a TD” in Fig.1 is designed on a very basic conceptual
level that underlies the concrete requirements that could be changed
during the years to follow. It gives a firm base upon which a proper
Technical documentation of a medical device can be developed.

requirements

5.Refferences:
[1] Council Directive 93/42/EEC
[2] http://www.ce-marking.com/medical-devices.html (visited in
22.11.2016)
[3]https://www.emergogroup.com/resources/regulationseurope/regulations-EU-MDD93-42-EEC (visited in 22.11.2016)
[4] http://www.icqc.co.uk/en/EC-type-examination.php (visited in
22.11.2016)
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3. The blended-learning environment

1. Introduction

As mentioned above, e-learning is a way of managing teaching
materials in a transparent manner. E-learning can even replace the
process of traditional classroom teaching (so-called face-to-face
teaching) to which we are accustomed.
We then call such a form of teaching (online or offline) virtual
education. Compared to traditional face-to-face education, this form
of teaching and learning is supported only by e-learning. (Fig. 1)

New forms of teaching by way of online education are no
longer an exception at most universities. Similarly, the trend for
expanding the use of online education also exists in Slovakia.
This is a new type of knowledge society, where both theoretical
and experimental knowledge is generated, obtained via the online
teaching provided by an e-learning system. These forms contribute
to and open up new areas for the direct use of knowledge, and are
thus becoming to an even greater extent a popular form not only for
students and teachers, but also for professionals in general. Students
at the FMST in Trnava were able to experience the implementation
of these new forms of teaching.
The particular subjects concerned were “metrological” ones:
Computer Aided Quality, Metrology and Quality of Technological
Processes and Measuring and Inspection of Product Parameters.
The time allocated for these subjects is two hours of lectures and
two hours of practical classes per week.
The following article describes the use of e-learning methods
and blended learning in academic practice.

2. The e-learning environment
The concept of e-learning (electronic learning), or learning
management system, is a teaching process carried out in so-called
multimedia scenarios.
The latter integrate multimedia and (tele) communication
technologies, thus enabling communication on a virtual platform, as
well as playing back various files and materials, carrying out
different tests, holding online conferences etc. It is a type of
(online) software based on a web application. This teaching and
education environment thus offers the user a great level of freedom
in terms of place, time, staff and tools. (Fabian, 2007).
The use of e-learning for independent education is so versatile
that many institutions are using it as part of their internal education
systems. As well as this, the Organisation for Economic
Cooperation and Development (OECD) gives two reasons for using
e-learning in its brochure entitled “e-learning, the partnership
challenge”.
The first reason is the use of e-learning in educative activities
which cannot be mastered without the use of technology (i.e. the
dematerialisation of teaching from a time and place perspective,
following the motto “anytime” and “anywhere”, an interactive
approach to sources by anyone who wishes to study as a distance
learner, etc.).
The second reason is relations within education, which can be
improved using information technology (i.e. the opportunity to
choose your own style of work and learning, as well as the
possibility of checking and monitoring your own learning process
on your own, etc.).
From this point of view, e-learning is a new vision for education
policy, which is trying to move on from an old-fashioned method of
giving knowledge to a new – modern – method of interactive
learning and education. (Horn, 2014, Singh, 2003)

Fig. 1 Blended learning (Bonk, 2016)

Within this virtual form of teaching, the teacher provides his/her
students with all documents, feedback, knowledge etc. in an
electronic format adapted to e-learning needs.
E-learning even enables the teacher to divide students into
various work groups, give those marks, set times for handing in
work and other materials, launch an online conference etc. (Blended
Learning, 2013, Yuen, 2010)
One of the further possibilities – or forms – of teaching is a socalled combined (integrated) form of teaching and learning,
combining (integrating) a traditional form of teaching (face-to-face)
and an online form of education, where the teacher gives feedback
to his/her students both in the classroom and in the e-learning
portal.
We then call this form of teaching “blended learning”. From
a methodological, media-didactic and media-pedagogical point of
view, Blended Learning is not only about giving information, but
also knowledge; we can thus talk of a so-called integrated form of
processing and giving knowledge (Decsi, 2011).
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introduce corrective measures to improve the teaching process. The
tests are automatically archived in the AIS. Since it is an electronic
archive, it is not only of pedagogical importance, but also of
economic and ecological significance (as mentioned in the case of
students’ essays and dissertations).

4. The application of blended learning in the
teaching of metrological subjects
Blended learning, that is the combination of a traditional form
of teaching and online education, is applied in the teaching of
metrological subjects at the FMST SUT in Trnava. The use of
e-learning has been met with positive feedback from students. The
lecturer was using AIS – the Academic Information System used at
the FMST SUT in Trnava.
Lectures are held in face-to-face form. They mainly take the
form of a monologue by the lecturer, supported by a relevant
presentation of study materials. The lecturer’s monologue includes
dialogue (discussion) with student where necessary. The study
materials presented are in the form of brief text notes. They mostly
include images to illustrate and explain the subject being dealt with.
The images often show practical examples of the application of the
processes being studied. The presentations are made in PowerPoint,
and where appropriate, the text and images are animated to enhance
student attention. The lectures are available to students in electronic
form via the AIS system. Students appreciated the fact that the
lectures on these subjects are available in this system seven days a
week and twenty-four hours a day. They can thus study and prepare
for their lessons at their own tempo.
Practical classes are also face-to-face; here, students carry out
practical measurements of products’ geometrical parameters, work
with measuring systems (management and measurement software of
computer-supported measuring equipment).
Study materials are available to students in the AIS. These are
mainly textbooks in electronic form, in Slovak and in English. As
well as textbooks and the above-mentioned lectures, the AIS also
has electronic material for practical exercises available to students
as required.
Students often work on various essays in electronic form. The
AIS system enables a schedule of topics to be created, where the
lecturer can enter topics for the students’ essays and dissertations.
The lecturer can also open up a space to submit them: an electronic
storage place for essays. This is not only of pedagogical importance,
but also of economic and ecological significance. The students do
not use up paper and printer ink pointlessly. The problem of
archiving students’ work is also solved: instead of taking up
physical space in a real archive, the electronic essays take up only
very little space in the AIS system.
The students’ knowledge is tested using a combined (integrated)
form. Part of the exam is in traditional, written form. In this part,
the students are tested on measurement tables, for example, and
various calculations. The second part of the exam is carried out
using information technology in the AIS system. Each student has a
test generated for them with closed questions. The questions are
chosen at random from databases divided up according to individual
specialised topics in the examined subject. There is a predetermined number of questions chosen at random in each topic.
Each exam is therefore unique: no student has the same test as
another student. The questions are aimed at testing basic concepts,
definitions and theoretical knowledge in the given subject area. For
each question, the student can select one correct answer out of four
possible choices.
The exam is set for a limited time, defined in advance, and the
screen shows at all times the time remaining. The exam ends when
the set time is up, or when the test is closed (sent) in the AIS. While
the exam is ongoing, the student can change his/her answers at any
time. If he/she is unsure of the answer to any question, he/she can
leave it out. He/she can do so by not selecting any answer, or by
choosing “no answer to this question”. One of the great advantages
of this form of exam is how quickly the test results can be had,
since the number of points obtained and the percentage success rate
of the computer test is displayed on the screen immediately after its
submission (sending).
Another huge advantage of such testing lies in the feedback: the
lecturer can follow statistically the success rate of answers to
individual questions. It is thus possible to analyse both the weak and
strong points in students’ knowledge and then to suggest and

5. Examples of electronic materials
Figures 2, 3 and 4 shows the examples of the electronic lectures
to which the students have access in the AIS.

Fig. 2 Electronic lectures – Strategy for measuring of cylindricity

Fig. 3 Electronic lectures - Computed tomography in metrology

Fig. 4 Electronic lectures - Calibration Artifacts
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Fig. 5 Example of a test in the AIS system

For example, in fig. 2 the strategies for measuring of
cylindricity are displayed:
-

expanded. At present, the department is trying to set up a project to
enable the creation of online video communication via the Internet.
The aim is to show live demonstrations of measurements from
laboratories directly on the students’ laptops and tablets.

Spot method
Method of generating lines
Method of lateral cuts
Cage method
Spiral method
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Figure 3 shows the use of computed tomography in metrology
and fig. 4 represents the calibration artifacts. Figure 5 shows part of
a test in the AIS system. The top left-hand corner shows the time
remaining until the end of the test. Below are the possible answers
to question 2:
“Values measured with a gross error”
- Are modified by correction
- Are further processed in the calculations
- Are excluded from the processing of values measured (correct
answer)
- Are added to the uncertainties of measuring
- No answer to this question
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The following answers are possible for question 3:
“When the indicator (or a straight zero line) does not lie on the
same level as the scale, and the observer is not looking at the scale
perpendicularly, an error results which is called:”
- Measurement uncertainty
- Hysteresis
- Error of parallax (correct answer)
- Error of stick-slip effect
- No answer to this question

6. Conclusion
The use of Blended Learning, that is a combined form of
teaching, where a traditional teaching method (face-to-face) is
combined with an online method, shows every sign of being a very
way forward. It is an efficient tool for procuring information and
knowledge. At the FMST SUT in Trnava, this new approach to
education is also being applied to metrological subjects.
Benefits can be felt in the pedagogical, economical and
ecological domains. In the future, an online form of communication
between lecturer and student will need to be further built and
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