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A REAL-TIME LOCALIZATION METHOD FOR AGVS IN SMART
FACTORIES
Hakan Temeltas1
Istanbul Technical University1 - Istanbul, Turkey
E-mail: temeltash@itu.edu.tr
Abstract— In this study we present a method for the localization problem of Autonomously Guided Vehicles (AGVs) in the
framework of well-known Simultaneously Localization and Map Building (SLAM) problem. Methods that are using odometer
and IMU together still open to development because of incapability of obtaining significant noise-free measurements from
ordinary IMU sensor. Nowadays localization techniques for industrial AGVs are also include specific Landmarks that brings big
amount of precision for particularly indoor since that allow sparse mapping without future extraction efforts. This property is
also useful for implementation of estimation tools such as Kalman filtering. Our work is based on EKF based localization of
based on landmark detection, odometry and IMU measurements together. The proposed method is tested on our AGVs
experimentally equipped by various sensors for some navigation scenarios successfully.
Keywords: AUTONOMOUSLY GUIDED VEHICLES (AGVS), SLAM, KALMAN FILTERING, LOCALIZATION
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localizations and this is implemented on AGVs to demonstrate its
real time performances. This localization technique will find great
opportunity in future smart factories.
The paper is organized as follows. Section 2 defines smart
factory as a part of Industry 4.0 paradigm, Section 3 presents the
kinematic scheme of differential drive type AGVs. EKF-based
SLAM methods and Data fusion of odometer and IMU is studied at
Section 4. Robot Operating System (ROS) based implementation of
modelling, planning and control actions are given in Section 5.
Experimental results for the proposal are presented at Section 6.
Conclusions and future works are discussed in a final section.

1. INTRODUCTION
One of the major component in Industry 4.0 paradigm is smart
factory which can be connected other smart factories or business
entities, customers etc., via internet of services [1]. One of the big
advantage of the system is use of huge variety of data and reaching
an extra computational power. İnside Smart factory basic
components are Cyber Physical Systems(CPS) that are appearing as
AGV, production units, smart warehouses such as Automatic
Storage and Retrieval Systems (ASRSs) [2][3]. All of those CPS are
connected via Internet of Things (IoT) and woks decentralized
manner[4]. For that reasons the AGVs in the smart factories has to
be working alone by making some decisions. In order to reach the
goal localization of the AGVs is rather important problem to be
solved[5].
Localization and map building is today’s one of the challenging
research area that attracts so many groups interest in robotics
research field. There are several issues such as robust localization
and accurate matching of the mapping elements particularly on long
range and long endurance operations should be investigated and
implemented on real applications. In the absence of global
positioning equipment or the situations, which intercept the
availability of cumulative error resetting structure, there should be a
robust estimation of robot localization against unpredictable
disturbances and parametric uncertainties in the system model. So
far, there are several studies on localization and mapping problems,
which use laser, IMU, vision sensors separately, or in a sensor
cluster, in order to correct the dead-reckoning errors in localization
and mapping processes of autonomous mobile robots. Early works
are using line segments and perspective information for estimating
motion [6],[7]. Afterwards line matching based works are supported
by cross correlation of the image patches in the scene to estimate
ego-motion [8]. There are also methods that are using learned
landmarks and scale invariant visual landmarks for correction
routines,[9]. Laser and odometry fusion is another approach after
laser scanner are commercially become widespread in the area[10].
Combination of 2D laser scan and vision is another aspect of view
to data fusion [11]. Multi sensor approaches are also frequently
used methods in robotics [12]. Highly related works to our study are
using maximum likelihood of 3D positions of the feature points and
approaches based on minimizing squared error between image
frames with using stereo cameras [13], [14] . However, none of
those studies listed above can offer efficient solutions to the
cumulative error problems in long-range navigation tasks because
of their computational efficiencies. In our approach, on the other
hand, a robust estimation method based on an EKF based SLAM
method with landmark corrections suitable for industrial

2. SMART FACTORIES FOR INDUSTRY 4.0
In the smart factories major logistic units are AGVs that make
connection between smart warehouse and manufacturing stations as
shown in Figure 1. Since paths between the stations are not
predefined paths, AGV must plan their paths independently from
other AGV’s paths.
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Figure 1: Conceptual diagram for Smart Factories

For this kind of navigation in factory shop floors, precise
localization is required. The other important issue in the smart
wireless connection between CPS (particularly AGVs) via industrial
wireless internet infrastructure. Following chapters consider
localization AGVs to be used in advanced manufacturing tasks
inside mast factories.

3. KINEMATIC MODEL OF DIFFERENTIAL DRIVE TYPE
AGVS
As the study based on practical application for an AGV also
called mobile robot platform, there is an entailment on derivation of
kinematic equations for two-wheeled differential mobile robot with
rear and front castor wheels. Slip-skid effects of motion are not
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taken into account in the kinematic model. However, these
disturbances on the odometric sensing accuracy are corrected with
IMU and vision sensor fusion.

x

A. Two-wheeled differential drive robot system


Two-wheeled differential drive robots have non-holonomic
constraints, which limit the robots movement to the direction of
wheels (Figure 2). Addition to that, castor wheels may conduce to
nonlinear behavior of robot on startup and sudden movements
during the task. On the other hand, in the most cases this effect is
considered as disturbance instead of using directly in kinematic
equations.
First of all we define VL and which are the velocity of left and
right wheels respectively. One can write the equation on vehicle
wheel velocities as;

VL 

 Dn
nCe

N L , VR 

 Dn
nCe

NR

y



l
2

l
2

R

(1)
Figure 2: Kinematic model of differential drive robot

Here;

4. EKF BASED SLAM METHODS

Dn : The diameter of wheels
Ce : Encoder resolution
n : Conversion ratio of gearbox
N L : Relative change of incremental encoder value of left wheel
N R : Relative change of incremental encoder value of right wheel
So directional velocity V and rotational angle  can be found
as;

V 

VL  VR
V  VL
,   R
2
2

Extended Kalman Filter(EKF) based SLAM methods are one of
the most commonly used algorithms for robot localization and
environmental map building in the literature. In spite of the fact that
linearization step in the EKF algorithm annihilates the high order
effects of nonlinear systems, still has a application area in relatively
lower speeds at indoor where the environmental effects are
approximately linear (i.e. low order nonlinearities). Basic derivation
of EKF-SLAM algorithms, which are used in this study, is given at
the following section. Later on data fusion of odometry and IMU
algorithms is demonstrated without vision part.

(2)

A. Derivation of EKF-SLAM

Here left and right wheel velocities can be found as;

VR   ( R  l / 2)
VL   ( R  l / 2)

A schematic structure of an EKF is given at Figure 3, EKF
algorithm is constituted at two main parts. First part is the
prediction step where the current state is estimated from previous
state through nonlinear system model;

(3)

system mod el

R : Radius of turning circle, l: width of vehicle

xˆk |k 1

Relative displacement on x and y dimensions and variation in the
direction angle can be written in matrix form depending on
nonholonomic constraints.

 x  cos( k ) 0
 y    sin( ) 0  V 
k
  
   
 
1
   0

 Fx

Pk |k 1
(4)

predicted
covariance matrix

(6)

control system
previous
noise
state variables signal

predicted
state variables

FxT  Fu Q Fu T

Pk |k 1

(7)

[ w wT ]

covariance matrix
of previous state var.
measurement model

zk |k 1

Thus, calculation of current vehicle location from previous location
with respect to sampling time instants can be found as;

estimated
measurements

xk  xk 1  V cos( k 1   )
yk  yk 1  V sin( k 1   )

 f ( xk 1|k 1 , uk , w )

 h( xˆk |k 1 , v )
predicted
state var iables

(8)

sensor
noise

Here Fx and Fu are the partial derivatives of nonlinear system w.r.t
x and u respectively;

(5)

 k   k 1  

Fx 
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f ( x, u, w)
f ( x, u, w)
, Fu 
x
u

(9)

LIDAR
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x
y

Vehicle
Localization
Estimations

Figure 4 :3 Relative motion of differantial robot

However, if one makes a mention of practical issues, an ordinary
IMU sensor is incapable of obtain significant noise-free
measurements, exclusively in lower speeds for accelerometers and
wide radius turns for gyroscopes. These noise levels might be
decreased in precise and well-calibrated gyro and accelerometers,
however the usage of such expensive devices on the mobile robot
platform does not give a cost effective solution. As a consequence,
a better solution in terms of precision and low cost, is required to
estimate the robot translation and rotation effectively.
In this study we are dealing with localization errors which are
caused by the system parametric uncertainties, system disturbances
and sensor noises and also assumptions while deriving system
kinematic model equations for the sake of simplicity. Therefore, we
are using local feature matching based data association and optical
flow based motion extraction which are mentioned in the following
sections.

Second part of the EKF algorithm is the update state where the
current measurements are taken into account and compared with
predicted measurement values. Difference between observed and
predicted values is the prediction and system modeling error, which
is used for correction of state estimation;



ek

zk
observed
measurements



y

Figure 3: Schematical structure of algorithm

prediction error
of measurements



 zˆk |k 1

(10)

predicted
measurements

Kalman gain K k is demonstrated as follows;

Kk  Pk |k 1Hk T (Hk Pk |k 1H k T  Rk )1

(11)

So, state and covariance update can be written together using
Kalman gain;

xˆk |k  xˆk |k 1  K k ek

(12)

Pk |k  ( I  K k H k ) Pk |k 1

(13)

5. ROS BASED APPLICATION DEVELOPMENT
It is needed to have a software basis for ITU-AGVs, as seen in
Figure 5 that will be used to develop specific applications for
various tasks in the future possible projects, theses and works. ITUAGVs have built before ROS was developed. At the time when
ITU-AGVs built, the software systems that used were different and
custom so the software of the robots was written concerning them,
which became out-of-date now. As mentioned previously in the
Introduction chapter, the goal is to construct a set of applications for
the basic problems and needs using up-to-date tools. It is desired to
write the embedded code for LLPL so the robots can be
communicating with ROS and to develop ROS applications for teleoperation, sensor integration and reading, odometry estimation, data
collection and offline map building.

SLAM algorithms are basically separated into two different parts.
First part is the localization term, which is definitively related to
vehicle position, and orientation terms. Second part of the algorithm
concerns landmark positions, which are evaluated with
augmentation of state vectors and covariance matrices. The key
point here is the data association task, which is a matching
paradigm with observed feature points and estimated feature points
from previous states. Data association can be applied as local
feature matching and global feature matching. Latter one is also
known as loop closure which is the re-identification of features after
a close loop path which provides global resetting of cumulative
errors on both vehicle and feature localizations.

B. Data Fusion of Odometry and IMU sensors
Using only Odometry values to determine the localization of
autonomous robots cause large cumulative dead-reckoning errors in
time. To remove this characteristic of odometry we use an IMU
sensor in order to reduce the errors especially in rotational motions.
Autonomous robot localization relative to the previous
localization is shown in Figure 4. Here rotational movement is
corrected by IMU measurements. Corresponding system model can
be stated in this situation as;

 xk 
 xk 1  xk c k 1  yk s k 1 
xk   yk  , f ( xk , yk , uk )   yk 1  xk s k 1  yk c k 1 
 k   k 1   k
 k 



(14)
Figure 5 : ITU-AGV Autonomous Mobile Robot System

With realization of this basis, ITU-AGVs can be used as multipurpose indoor land vehicle kits available using rapidly for
educational purposes, theses, autonomous system design and
algorithm development at ITU Robotics Laboratory. The processing

Note: c  cos( ), s  sin( )
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work is divided with a hierarchy. Low Level Processing Layer
(LLPL) is responsible for getting commands, communicating motor
drivers to drive the motors as desired in the given commands,
requesting
encoder values and sending them to High Level Processing Layer.
High Level Processing Layer is responsible for complex
calculations and is the part where the ROS runs. The signal chart of
ITU-AGVs can be seen in Figure 6.

Similarly, to read Laser sensor data, the related package publishes
laser scan data on ROS environment which is shown in Figure 8.

A. ROS interfacing
To successfully program ITU-AGV, a node is created so that it
would subscribe to the joystick topic and every time the joystick
data is received it takes the needed button values.
In the main loop, the node publishes an array of the variables
which are configured in the callback function. In order to send the
commands to ITU-AGVs, another node is subscribed to the topic in
which the array is published and it sends the array to LLPL of ITUAGVs over a serial COM port. After the nodes are built,
teleoperation of ITU-AGVs is successfully achieved. Next goal is to
reading stable data from the sensors, since the teleoperation is
applicable.

Figure 8 : Simultaneous stream of LIDAR data on Rviz and the image of real
environment

Before using LASER measurement data, the coarse localization
data is optioned by fusing IMU and odometry data on an EKF filter
implemented in ROS environment. However, there is a ROS
package that providesdata fusion for IMU and encoder data to
estimate the pose of a robot using Extended Kalman Filter (EKF)
named robot pose ekf [15]. The necessary launch file is createdso
the nodes that publish IMU data and encoder values are started and
the fused odometry information is published on a topic. The node
graph can be seen in Figure 9.

Figure 9 : Node graph (rqt graph) while the robot pose ekf is publishing
fused odometry data

B. Offline Map Building
It is desired to build maps using collected data from the indoor
environment. ROS can record and replay messages with makes it
suitable for data collection. Since the odometry of ITU-AGVs can
be estimated, sensors are installed, working and ready to publish
data on ROS environment it is now possible to collect the necessary
data while moving the ITU-AGVs to the desired areas. A launch file
for activating the nodes for IMU and encoder reading, odometry
calculations and laser reading is created. ROS records data to bag
files and it is very simple to record desired or all topics that are
active at the time of record. In this case the laser data and fused
odometry information is needed to build a map.

Figure 6 : Signal chart of ITU-AGVs

The encoder values are sending over SCI-B as they have
configured and The related ROS package for Xsens MTi IMU was
installed to read IMU sensor information. In order to calibrate the
data and make certain settings the software provided by Xsens is
used. As shown in Figure 7, the robot is rotated around its center for
approximately 90 ◦ clockwise and counter clockwise and the yaw
angle is plotted from the IMU data.

Figure 10 : An offline map of ITU Control and Automation Eng.
Department corridor is built

One of the ITU-AGVs is moved using Play Station 3 joystick
while the selected topics are recorded inside ITU Electric and
Electronics Faculty. After the data collection is done, the recorded

Figure 7 : Yaw angle values is retrieved from IMU while the robot is
rotating
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data is replayed and using another package called g-mapping an
offline map of Control and Automation Department corridor is built
as shown in Figure 10.
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Experimental work for verification and validation of theoretical
arguments is performed in the corridors and other similar common
arear in our departments. Detailed figures about experimental
environment are illustrated in the following figures. Although there
are poor conditions on landmark readings and surface roughness,
we obtain acceptable results satisfying correction of vehicle motions
for in door environment.
In this section several EKF based localization studies using
passive landmarks and different path pattern are presented for single
and double AGVs. Also the experiments are conducted under
different  parameters which classifies the confidence levels of
results. These experimental studies result are listed below:
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A. Application 1: Single AGV
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In this application, a single vehicle (AGV) follows a square path,
that each of edge is 4 meters, and surrounded by passive landmarks
as shown in Figure 11. Total 32 passive landmarks are located
inside or outside of the square path. Along the path the AGV takes
20 sample from the environment. Number of these samples are
shown in the Figure 11. After completing a tour on the square path,
the errors on x, y and  are shown in Figure 12 (a), (b) and (c)
respectively.
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Figure 12 : Results for Single AGV application

B. Application 2: Double AGV
Main issue in a Smart Factory, number of AGVs are operating
simultaneously without central unit organization. We demonstrated
decentralized operation for 2 AGVs. They both have linear paths in
this application and those 2 paths are surrounded by passive
landmarks as shown in Figure 13 (a) and (b).
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Figure 11: (a) Path and Landmarks for Single AGV, (b) Physical setup.

Similarly detection of passive landmarks with their uncertainty
metrics, the other term, uncertainty ellipsoids in Figure 12 (d) for
  0.1 . In same figure errors on x, y and  are represented under
different  values. This parameter also changes the level of
uncertainty at passive landmarks. For instance, uncertainty at
passive landmarks decreases dramatically when the   1 and 10
is chosen as shown in Figure 12 (e), (f).

(b)

Figure 13 : (a) Path and Landmarks for Dual AGV, (b) Physical setup.

Along the path of AGV-1, totally 5 samples are collected by the
sensors from the environment and similarly, AGV-2 moves in an
orthogonal trajectory with 5 samples. Number of these samples for
AGV-1 and AGV-2 are shown in the Figure 13 (a).
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method is scalable since the number of AGV do not affect the
individual performance of AGVs.
Feature work is stated as using image patches and vanishing
point knowledge to obtain more reliable results. Furthermore, an
advance passive landmark including passive laser reflector, RFID
tags and QR codes will be studied for more precise localization
estimation under uncertainty. Finally, estimation of dynamical
movements is another intention,
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relatively slow motions for indoor tasks. Basically ROS is used as a
main implementation environment. The methodology is tested on
Single and Dual AGVs experimentally. Results are satisfied for
industrial use the AGV autonomously. Also studies show that the
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INJECTION DIESEL ENGINE DURING THE INJECTED FUEL MASS FLOW
VARIATION
PhD. Mrzljak Vedran1, PhD Student Eng. Poljak Igor2, Student Žarković Božica1
Faculty of Engineering, University of Rijeka, Vukovarska 58, 51000 Rijeka, Croatia,
2
Department of maritime sciences, University of Zadar, Mihovila Pavlinovica 1, 23000 Zadar, Croatia
E-mail: vedran.mrzljak@riteh.hr, ipoljak2@unizd.hr, bozica.zarkovic@gmail.com
1

Abstract: A change in essential operating parameters of a high speed direct injection turbocharged diesel engine MAN D0826 LOH15
during the injected fuel mass flow variation was presented. Based on two measurement sets, performed with standard diesel fuel, several
operating parameters were calculated: engine torque, effective power, excess air ratio, specific effective fuel consumption and heat released
per engine process. All of the calculated parameters are presented for a wide engine operating range. Along with calculated, several
important parameters were measured, in addition to those presented in measurement sets. Additional measured parameters were lubrication
oil temperature and exhaust gas temperature before and after the turbocharger turbine. Those calculated and measured parameters allow
deep insight not just into the engine process, but also in the process of turbocharging, which is very important in the analyzed diesel engine
operation.
Keywords: DIESEL ENGINE, TURBOCHARGER, FUEL MASS FLOW VARIATION, EXPERIMENTAL ANALYSIS
Table 1. Engine specifications
Number of cylinders
The total operating volume
Peak effective power
Cylinder bore
Cylinder stroke
Compression ratio
Crank radius
Length of the connecting rod
Nozzle diameter
Number of nozzle holes

1. Introduction
From the invention of an internal combustion engine,
experimental measurements are the basis for their operating
parameters analysis, [1] and [2]. Along with internal combustion
engine measurements, numerical simulations have been developed
to make easier, faster and cheaper investigations of engine operating
parameters.
Today, several types of diesel engine numerical models were
developed: 0D (zero dimensional) models [3], multizone models
[4], quasi dimensional models [5] and [6], while the last and most
detailed ones are CFD (Computational Fluid Dynamic) models [7].
In order to determine the accuracy and precision of each model,
they must necessarily be validated in several different measuring
points of the tested engine. Therefore, experimental engine
measurements are inevitable, even nowadays.
To reduce diesel engine emissions and improve engine operating
parameters, researchers are intensively involved in implementing
combustion of different alternative fuels in existing diesel engines.
Two researches of alternative fuel usage in diesel engines are [8]
and [9]. A complete review of green fuels as alternative fuels for
diesel engines is presented in [10] while review of performance,
combustion and emission characteristics of bio-diesel fuelled diesel
engines presented authors in [11].
In this paper was presented change in the operating parameters of
a high speed direct injection turbocharged diesel engine during the
injected fuel mass flow variation. Operating parameters analysis
was based on two measurements set at different engine rotational
speeds. Measurements were obtained with a standard diesel fuel D2.
Analyzed parameters can be divided in two groups: calculated ones
and measured ones. Calculated operating parameters were engine
torque, effective power, excess air ratio, specific effective fuel
consumption and heat released per engine process. Measured
operating parameters were a temperature of lubrication oil and
exhaust gas temperatures before and after the turbocharger turbine.
The presented operating parameters allow insight into a wide
operating range of the analyzed engine.

6
6870 cm3
160 kW
108 mm
125 mm
18
62.5 mm
187.2 mm
0.23 mm
7

3. Diesel engine measurement results and measuring
equipment
Engine measurement was performed in the Laboratory for
Internal Combustion Engines and Electromobility, Faculty of
Mechanical Engineering, University of Ljubljana, Slovenia.
Measured engine was connected to an eddy current brake Zöllner
B-350AC, Fig. 1. Measurements control was secured with a control
system KS ADAC/Tornado. Cylinder pressure was measured with
pressure sensor AVL GH12D, placed in an extra hole in the
cylinder head. The cylinder pressure signal was led to a 4-channel
amplifier AVL MicroIFEM.
The piston top dead center was determined by a capacitive sensor
COM Type 2653, and the crankshaft angle was measured by crank
angle encoder Kistler CAM UNIT Type 2613B with an accuracy of
0.1° crank angle.
Lubrication oil temperature was measured with Greisinger GTF
401-Pt100 Immersion probe while the flue gas temperature at the
turbocharger turbine inlet and outlet was measured with two
Greisinger GTF 900 Immersion probes.

2. Investigated diesel engine specifications
The investigated diesel engine was a high speed direct injection
turbocharged diesel engine MAN D0826 LOH15, designed for a
truck or small ship drive. The main engine specifications and
characteristics are presented in Table 1. The piston geometry is
characterized by an eccentric hole in piston head which is used for
the fuel injection. In order to maximize the suction and exhaust
valve flow rate, the fuel injector is positioned eccentrically and
hence the hole in the piston head is positioned in the same way.

Fig. 1. Diesel engine MAN D0826 LOH15 connected to eddy
current brake during the measurements
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where  (-) is excess air ratio, m a (kg/s) is an air mass flow,

Several measurement sets were carried out and for analysis in this
paper are selected two measurement sets presented in Table 2 and
Table 3. Each measurement set has almost constant engine
rotational speed (1500 rpm and 2400 rpm), but in each
measurement set fuel and air mass flow constantly increases from
operating point 1 to 4. Air mass flow must have the same trend as
fuel mass flow in order to obtain complete combustion.

m f (kg/h) is the fuel mass flow and Lst (-) is a stoichiometric air
mass, which is dependable on used fuel properties. During
measurements is used standard diesel fuel D2, which lower heating
value (Hd) amounts Hd = 42700 kJ/kg and stoichiometric air mass
amounts Lst = 14.7.
Specific effective fuel consumption was calculated by using an
equation:

Measurement
No.

Table 2. Obtained measurement results - Set 1
Fuel
mass
flow
(kg/h)

Air mass
flow
(kg/s)

Rotational
speed
(rpm)

Brake
reaction
force
(N)

bef 

BMEP*
(bar)

m f 1000
Pef

(4)

where bef (g/kWh) is specific effective fuel consumption.

1

9.198

0.10076

1498

292.2

5.10

2

13.447

0.11192

1502

449.7

7.86

3

18.040

0.12672

1502

594.6

10.39

735.0

12.84

4
22.453 0.14146
1501
* BMEP = Brake Medium Effective Pressure

The heat released per process is obtained with an equation:
Qpp 

(5)

where Qpp (kJ/proc.) is heat released per process.

From the measurement Set 2, Table 3, is visible that at the higher
engine rotational speed (2400 rpm) injected fuel mass flow
increases in comparison with measurement Set 1 (Table 2), along
with simultaneous increase in air mass flow.

5. Change in calculated and measured engine
operating parameters with discussion
During the lower engine rotational speed (Set 1), an increase in
engine torque is much sharper than for the higher engine rotational
speed (Set 2), Fig. 2. For the engine rotational speed of 1500 rpm,
maximum obtained torque was 701.93 Nm, while at a rotational
speed of 2400 rpm maximum torque was 609.67 Nm. The change of
engine torque, in each observed measurement set is almost linear
(engine torque linearly increases with the increase in fuel mass
flow). For the same fuel mass flow, significantly higher engine
torque is obtained at lower engine rotational speed.

Measurement
No.

Table 3. Obtained measurement results - Set 2
Fuel
mass
flow
(kg/h)

Air mass
flow
(kg/s)

Rotational
speed
(rpm)

Brake
reaction
force
(N)

BMEP*
(bar)

1

14.774

0.19158

2401

234.4

4.09

2

21.815

0.22495

2402

391.1

6.83

3

28.842

0.26069

2399

525.4

9.18

638.4

11.15

4
35.364 0.29387
2399
* BMEP = Brake Medium Effective Pressure

m f  H d
n  60

4. Equations for calculating engine operating
parameters
In each operating point engine torque was calculated according to
the equation:

M  FR

Fig. 2. Change in engine torque for each measurement set
For each engine rotational speed, effective power has the same
trend - it increases during the increase in engine fuel mass flow. The
maximum effective power in measurement Set 1 is 110.3 kW, while
in measurement Set 2 maximum effective power amounts 153.2
kW, Fig. 3. For the same fuel mass flow, the higher effective power
is obtained at lower engine rotational speed. From that fact can be
concluded that for the tested engine during the same fuel mass flow,
higher torque at 1500 rpm has a greater impact on engine effective
power increase than the increase in rotational speed from 1500 rpm
to 2400 rpm.

(1)

where M (Nm) is torque, F (N) is brake reaction force and R (m)
is the brake prong length on which the reaction force is measured.
For eddy current brake Zöllner B-350AC, brake prong length
amounts R = 0.955 m.
Engine effective power was calculated by using an equation:
Pef 

M  2   n
60  1000

(2)

Gasoline engines operate strictly with air excess ratio equal to 1
(because of the three-way catalyst) while diesel engines operate
with excess air ratio bigger than 1. For the analyzed engine, excess
air ratio in each measurement set decreases during the increase in
fuel mass flow, according to equation (3). In measurement Set 1
(1500 rpm) excess air ratio decreases from 2.68 at the lowest fuel
mass flow to the 1.54 at the highest fuel mass flow, Fig. 4. In
measurement Set 2 (2400 rpm) excess air ratio has significantly
higher values than in measurement Set 1. In Set 2 excess air ratio

where Pef (kW) is effective power and n (rpm) is engine
rotational speed.
Excess air ratio was calculated according to the equation:



m a  3600
m f  Lst

(3)
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decreases from 3.18 at the lowest fuel mass flow to the 2.04 at the
highest fuel mass flow. At the higher engine rotational speed, for
the same fuel mass flow, the engine consumes much bigger air mass
flow.

In measurement Set 1 heat released per engine process amounts
4.37 kJ/proc. at the lowest fuel mass flow and 10.65 kJ/proc. at the
highest fuel mass flow while in measurement Set 2 heat released per
engine process amounts 4.38 kJ/proc. at the lowest fuel mass flow
and 10.49 kJ/proc. at the highest fuel mass flow.

Fig. 3. Change in engine effective power for each measurement set
Fig. 6. The heat released per engine process change for each
measurement set
A temperature change of engine lubrication oil is presented in
Fig. 7 for each observed measurement set. Engine lubrication oil
temperature change has the same trend in each measurement set,
temperature increases during the increase in fuel mass flow.
However, the curves which described oil temperature changes are
not of the same type in each measurement set.
In measurement Set 1 engine lubrication oil temperature
increases from 96.33 °C at the lowest fuel mass flow until 105.42
°C at the highest fuel mass flow. In measurement Set 2 engine
lubrication oil temperature increases from 103.14 °C at the lowest
fuel mass flow until 111.45 °C at the highest fuel mass flow.
Lubrication oil temperature is not an essential engine operating
parameter, but it is important to measure it in order to maintain
lubrication oil temperature within the range recommended by the
producer.

Fig. 4. Engine excess air ratio change for each measurement set
Specific effective fuel consumption, for engine measurement Set
1 and Set 2 is presented in Fig. 5. For both engine measurement
sets, specific effective fuel consumption, calculated by using
equation (4), firstly decreases after which follows the slight increase
during the increase in fuel mass flow.
In measurement Set 1 (1500 rpm) specific effective fuel
consumption amounts 210.12 g/kWh at the lowest fuel mass flow
and 203.57 g/kWh at the highest fuel mass flow. The lowest value
of specific effective fuel consumption in measurement Set 1
amounts 199.04 g/kWh for fuel mass flow of 13.447 kg/h.
In measurement Set 2 (2400 rpm) specific effective fuel
consumption amounts 262.57 g/kWh at the lowest fuel mass flow
and 230.85 g/kWh at the highest fuel mass flow. The lowest value
of specific effective fuel consumption in measurement Set 2
amounts 228.82 g/kWh for fuel mass flow of 28.842 kg/h.
From Fig. 5 can be seen that at the higher engine rotational speed,
specific effective fuel consumption has much higher values in
comparison with the lower rotational speed.

Fig. 7. Engine lubrication oil temperature change for each
measurement set
Exhaust gas temperature has the highest value before the engine
turbocharger turbine. It is important to measure exhaust gas
temperature before and after turbine in order to calculate turbine
power which is transferred directly to air blower. On that way can
also be calculated air pressure after blower and compared with
measurement results.
At each measurement set, exhaust gas temperature before the
turbine increases during the increase in fuel mass flow, Fig. 8. In
measurement Set 1 exhaust gas temperature before the turbine
increases from 344.39 °C to 623.54 °C while in measurement Set 2
exhaust gas temperature before the turbine increases from 387.44
°C to 632.93 °C from the lowest to the highest fuel mass flow in
each measurement set.

Fig. 5. Specific effective fuel consumption change for each engine
measurement set
The heat released per engine process for both analyzed engine
measurement sets is presented in Fig. 6. For the same fuel mass
flow, heat released per engine process is much higher in Set 1 (1500
rpm) in comparison with Set 2 (2400 rpm).
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Fig. 8. The change of exhaust gas temperature before the turbine
for each measurement set
Exhaust gas temperature after the turbine has the same trend as
exhaust gas temperature before the turbine, Fig. 9, it increases
during the increase in fuel mass flow for each measurement set. The
same trend of temperatures before and after the turbine provides
information about the satisfactory operation regime of turbocharger
turbine, without its detail analysis.
In measurement Set 1 exhaust gas temperature after the turbine
increases from 307.67 °C to 543.6 °C while in measurement Set 2
exhaust gas temperature after the turbine increases from 317.52 °C
to 486.79 °C from the lowest to the highest fuel mass flow in each
measurement set.

Fig. 9. The change of exhaust gas temperature after the turbine for
each measurement set

6. Conclusions
In this paper is presented a change in operating parameters for a
high speed direct injection turbocharged diesel engine MAN D0826
LOH15 during the injected fuel mass flow variation.
Based on a two measurement sets at different engine rotational
speed (1500 rpm and 2400 rpm) is presented change of different
engine operating parameters. Calculated engine operating
parameters, based on measurement results, were engine torque,
effective power, excess air ratio, specific effective fuel consumption
and heat released per engine process.
Measured temperature of lubrication oil increases during the
increase in engine fuel mass flow and it is important to maintain the
oil temperature within the range recommended by the producer.
Measured exhaust gas temperature change before and after the
turbocharger turbine are the important elements in the analysis of
turbocharging process and its efficiency.
Engine analysis was performed with standard diesel fuel. In
future research will be interesting to compare the same operating
parameters when engine uses alternative fuels or its blends with
standard diesel fuel. This thought will be the guiding idea in future
investigation of this engine.
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Abstract: Correlations between some basic quality parameters of a drug product, which are very important for the pharmaceutical
manufacture of solid dosage forms are studied, on the base of experimental data from 135 batches. Factor analysis, control charts and
histograms are implemented for the quality parameters - strength of tablet, assay of the active substance, acid resistance, disintegration),
water content, drug dissolution after 150 minutes and drug dissolution after 165 minutes.. The parameter drug dissolution after 120 minutes
is dropped from the analysis, because it was observed to have a zero value for all measurements. The main aim of this article is to search for
a possible underlying structure in the variables with exploratory factor analysis, to monitor whether the quality parameters’ variation is
consistent and the empirical distributions of the most important quality parameters using control charts and histograms.
Keywords: QUALITY, PRINCIPAL COMPONENTS ANALYSIS, CONTROL CHARTS, HISTOGRAM, PHARMACEUTICAL
MANUFACTURE OF SOLID DOSAGE FORMS
Statistical process control methods (control charts and histograms)
are applied for the quality analysis of the process control stability
and the empirical distribution of the quality characteristics. The
experimental data are obtained from laboratory tests of a drug
product.

1. Introduction
That part of the Quality Management, which ensures that the
products are consistently produced and controlled to the quality
standards appropriate to their intended use and as required by the
Marketing Authorization, Clinical Trial Authorization or product
specification, is the Good Manufacturing Practice. It is connected
with both production and quality control. Quality control includes
sampling, specifications and testing, and with the organization,
documentation and release procedures which ensure that the
necessary and relevant tests are actually carried out and that
materials are not released for use, nor products released for sale or
supply, until their quality has been judged to be satisfactory [1].
Various experimental and analytical techniques can be used to
characterize the process. The purpose of such development is to
understand the process as well as the connection of the input
parameters with the output characteristics. The main features of a
product and process are: Critical Quality Output Characteristics,
Input Process Parameters, Process Capabilities, and Quality Control
Techniques [2].
Design of Experiments, Response Surface Methodology (RSM)
[3], Robust Engineering Design Methodology [4], combined with
methods for parameter optimization; provide opportunities for
improving the quality of the drug production, for obtaining cheaper
production products through an appropriate choice of components,
to save raw materials and energy, to ensure the sustainability of the
quality indicators in terms of noise and variation impacts of different
nature.
Historically, the drug manufacture has taken place in
pharmacies, and only after the start of the economic revolution and
the commencement of industrial production of goods, industrial
drug production has been identified [5]. One of the main stages of
the life cycle related to the provision of drugs is their production.
First, the drug should be authorized for use and in order to reach the
patient it must be manufactured and marketed. The manufacture of a
drug product includes all operations related to the procurement of
materials, their processing in the production, packaging and
labeling, quality control, batch release, storage, dispatching and
related controls.
The aim of the article to study the quality parameters – strength
of tablet, quantitative content of the active substance, acid
resistance, disintegration, water content, dissolution after 150
minutes and dissolution after 165 minutes on the base of
experimental data from 135 batches. Factor Analysis a method for
modeling observed variables, and their covariance structure, in
terms of dimension reduction of the observed variables by a smaller
number of underlying unobservable (latent) factors. It is
implemented to investigate the correlations and to define the more
significant for the variance of the measured quality characteristics.

2. Factor Analysis
Experimental data from 135 batches are obtained. The studied
quality parameters are strength of tablet (Y1), assay of the active
substance (Y2), acid resistance (Y3), disintegration (Y4), water
content (Y5), dissolution after 150 minutes (Y6) and dissolution after
165 minutes (Y7). The parameter dissolution after 120 minutes is
dropped from the analysis, because it was observed to have a zero
value for all measurements.
Factor analysis assumes that the covariation in the observed
variables is due to the presence of one or more latent variables
(factors) that exert causal influence on these observed variables.
Principal components analysis method can be used for estimating
the parameters of the factor model. The observed variables are
modeled as linear functions of the latent factors. The goal is to
explain the maximum amount of variance with the fewest number of
latent factors. An oblique rotation, which is appropriate for both
uncorrelated and correlated factors, is implemented on the factor
solution for the purpose of making the solution easier to interpret
[6]. Through the factor analysis, the data are interpreted in a new
way.

2.1. Results and interpretation of the factor
analysis
The eigenvalue results determine the number of applied latent
factors. The eigenvalue show the contribution of the respective
factor in explaining the total variation in the observed variables.
According to the Kaiser criterion, retain principal components with
eigenvalues greater than 1. The eigenvalues of the latent factors are
presented on the scree plot on Fig. 1.

Fig.1 Scree plot
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The method “scree” determines the number of factors. The scree
plot displays the factor number versus the corresponding eigenvalue.
The factor analysis is performed on the correlation matrix (Table 1)
because the variables are standardized (each variable has a variance
of 1, and the total variance is equal to the number of variables used
in the analysis – 7). Three factors are with eigenvalues (variances)
greater than one, and it is suggested that they adequately explain the
variation in the data. The percent of total variance accounted for
each of these factors are correspondingly 32.668%, 19.175% and
16.251% (or totally 68.094%).

knowledge of the data:
• For Factor 1 is primarily a measure of the variables Y6 and
Y7 - Dissolution after 150 minutes and Dissolution after
165 minutes. As one of the variables increases the other
also increases.
• For Factor 2 contribution have the variables Y1, Y4 and
Y5: Strength of tablet, Disintegration and Water content.
The Strength of tablet and the Disintegration increase with
the decrease of the water content.
• For the Component 3 contribution have the variables Y2
and Y3: assay of the active substance (Y2) and acid
resistance (Y3). With the increase of the Assay of active
substance, the Acid resistance decreases.

Table 1. Correlation matrix

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y1

1.000

0.018

-0.187

0.290

-0.171

0.058

0.032

Y2

0.018

1.000

-0.387

0.041

-0.028

0.231

0.224

Y3 -0.187 -0.387

1.000

-0.010

0.009

-0.268

-0.270

Y4

0.041

-0.010

1.000

-0.041

0.187

0.105

Y5 -0.171 -0.028

0.009

-0.041

1.000

0.068

0.069

Y6

0.058

0.231

-0.268

0.187

0.068

1.000

0.937

Y7

0.032

0.224

-0.270

0.105

0.069

0.937

1.000

0.290

3. Control charts and histograms
A control chart provides a simple way of visually tracking a
process in order to identify the appearance of trends in time. It
consists of a horizontal plot of an ongoing performance
characteristic (or group measures like mean, range, standard
deviation, etc.). A control chart always has a central line for the
average, an upper line for the upper control limit and a lower line for
the lower control limit. These lines are determined from historical
data. By comparing current data to these lines, you can draw
conclusions about whether the process variation is consistent (in
control) or is unpredictable (out of control, affected by special
causes of variation). Overlaid lines show evaluation criteria such as
allowed tolerance limits. The control chart highlights poor quality
by showing when a measurement lies outside the expected variation.
It shows when a process is trending toward failure. The purpose of a
control chart is to monitor common cause variation and to detect the
special cause variation. The expectation for a process is that it is
under statistical control. This means that the only component of
variation is the measured noise.
A typical control chart has control limits set at values such that
if the process is under control, all points will be between the upper
control limit (UCL) and the lower control limit (LCL).
Individual control charts (or Shewhart control chart) are used
whenever the sample size for process monitoring is one observation
per batch [6].
The quality of the drug product is determined by how much the
quality parameter matches the desired value and how large the
deviations from it are. The histogram studies the empirical
distribution of the observations. The histogram is a bar chart that
shows how often one or another value of the analyzed parameter
appears.
For the three most significant quality parameters, that took part
as variables with the highest weights in the factor analysis, control
charts and histograms are made.

In Table 2 the obtained factor matrix is presented for the extracted
three significant factors. It contains the non-rotated factor loadings,
which are the correlations between the variables and the factors. The
problem with this analysis is that some of the variables are
highlighted in more than one column.
Table 2. Factor matrix

Factor
1

2

3

Y6

0.905

-0.194

0.284

Y7

0.892

-0.245

0.248

Y1

0.205

0.779

0.089

Y4

0.270

0.554

0.476

Y5

0.045

-0.551

0.178

Y2

0.495

0.042

-0.628

Y3

-0.556

-0.160

0.579

The factor pattern matrix in Table 3 contains the coefficients for
the linear combination of the variables. The applied rotation method
is oblique rotation with Kaiser Normalization. The total amount of
variation explained by the rotated factor model is the same, but the
contributions are not the same from the individual factors. We gain a
cleaner interpretation, but the first factor is not going to explain as
much of the variation.

3.1. Control chart and histogram for the quality
parameter Strength of the tablet (Y1).

Table 3. Pattern matrix

Factor
2
0.060

Probability Plot of Y1
Normal - 95% CI

3
99,9

-0.140

Y6

0.943

Y7

0.930

-0.001

-0.161

Y1

-0.025

0.797

-0.086

Y4

0.284

0.713

0.253

Y5

0.292

-0.458

0.190

Y2

0.091

-0.065

-0.792

Y3

-0.129

-0.072

0.787

Mean
StDev
N
AD
P-Value

99
95
90

Percent

1

80
70
60
50
40
30
20
10
5
1
0,1

The coefficients indicate the relative weight of each variable in
the factor. The bigger the absolute value of the coefficient, the more
important the corresponding variable is in constructing the factor.
The interpretation of the factors is subjective and requires
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Fig. 2. Normality test
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In order to analyze the data with control charts and histograms, it is
necessary to perform a normality test. Anderson-Darling test is
implemented and the results are presented in Fig. 2. According
them, the quality parameter Strength of tablet has normal
distribution.
The individual values control chart for Strength of tablet is
presented in Fig. 3. The control limits are wide. There are three
point outside the control limits (points 30, 31 and 66). The data are
out of statistical control. That means, that after several manufactured
batches it is possible to have measurements that are not in
specification limits. It is necessary to take measures to eliminate the
reasons for this process behavior, since there are special causes for
such variation. The histogram shows the data distribution (Fig.4). It
can be seen that the distribution seems to be bimodal and there is
asymmetry. The natural tolerance limits can be determined and
compared with the specification limits and further the Process
Capability Index and the Process Performance Index can be
calculated.
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Fig.5 Individual control chart of the drug dissolution after 150 minutes (Y6)
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Fig.6 Histogram of the drug dissolution after 150 minutes (Y6)
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3.3. Control chart and histogram for quality parameter
Dissolution after 165 minutes (Y7).

Fig.3 Individual control chart of strength of tablet (Y1)

The control chart of the drug dissolution after 165 minutes is
presented in Fig. 5. There are three point outside the control limits
(points 11, 61 and 129). The data are out of statistical control. It is
necessary to take measures to eliminate the reasons for this process
behavior. The histogram shows the empirical distribution of the data
in Fig. 8.
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Fig.4 Histogram of strength of tablet (Y1)
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3.2. Control chart and histogram for quality parameter
Dissolution after 150 minutes (Y6).
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The control chart of drug dissolution after 150 minutes is presented
in Fig. 5. There are three point outside the control limits (points 11,
61 and 129). The data are out of statistical control. It is necessary to
take measures to eliminate the reasons for this process behavior. The
histogram shows the empirical distribution of the data (Fig.6).
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Fig.7 Individual control chart of the drug dissolution after 165 minutes (Y7)
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Histogram of Y7- Dissolution after 165 min
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Fig.8 Histogram of the drug dissolution after 165 minutes (Y7)

4. Conclusions
In the present work experimental data from 135 batches are
obtained. The studied quality parameters are strength of tablet (Y1),
assay of the active substance (Y2), acid resistance (Y3),
disintegration (Y4), water content (Y5), dissolution after 150 minutes
(Y6) and dissolution after 165 minutes (Y7). The data are processed
with statistical analysis. By applying factor analysis, three
significant latent factors for the variables’ variation were defined.
The control charts and histograms show that the quality parameters
– strength of the tablet, drug dissolution after 150 minutes and drug
dissolution after 165 minutes, are not under statistical control,
because there are points outside the control limits. It is necessary to
take actions for the elimination of the special causes for such
variation.
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the forces which impact on the system can be described by the
equation:

1. Introduction
The characteristics of automatics in the spatial movement of a
shot are important component for increasing the efficiency of
shooting. The forces that arise from the movement of the automatics
change the targeting, rise the diffusion which decrease the
efficiency of the shooting and creates the requirement for searching
of new constructive solutions applied in the weapons.

(1)

F

gun

gun
gun
= Fext + Fint

The division of the forces of two types; those assigned, and
those reacting in the supports and connections, is more definite,
because they never change their role. Assigned forces depend only
on the kinematic parameters of the mechanisms and the law of their
modification is usually known until the beginning of the analysis of
mechanics or weapon dynamics. Reactions in the supports and
connections in the kinematic pair arise as a consequence of the
assigned forces attached to them, and therefore can be determined
only as a result of the study of the dynamics of the mechanisms.

2. Results and discussion
Providing the necessary strength, rigidity and reliability of the
kinematic couple units in the automatic weapon mechanisms is
solved by analyzing the power load of these mechanisms. The
stability of the functioning of the weapon's automation mechanisms,
their position in the space during the firing, significantly determine
the effectiveness for the destruction of the objectives and the action
of the forces applied to the weapon's body. Therefore, the study and
analysis of the entire system of forces operating both its
mechanisms and the weapon as a whole constitute the first major
task of weapon dynamics in a shot.

In general, the equations for the movement of the automatic
firearms in a shot should be added to the equations defining all the
forces involved in the operation of the automation. The forces under
which the elements of the weapon's mechanisms

gun
Fmuv

are moved

can depend on each other or on the movements of the units, or they
may not depend on it. In the first case, the automated motion
equation system and the equations characterizing force change laws
must be solved together. If such interdependence does not exist or is
insignificant, then the equation systems for automation and forces
can be solved independently

When considering the task of the kinematics of the weapon
mechanisms, it is assumed that the law governing the movement of
the leading unit, is known. The kinematic parameters are a function
of the external forces acting and the mass of the weapon's
automation units. Therefore, studying and analyzing the laws of
motion of the mechanisms and the weapon under the system of
applied forces, constitutes the second major task of weapon
dynamics in the shot [1].

As criteria for evaluation, the dynamic characteristics of
individual

weapons

gun
K din

mechanisms

are

magnitude/value/ of the efficiency of the mechanisms

For the general characteristics and the calculation of the forces
acting on the automatic weapon, the most important are the forces
gun of their physical nature. This division of the acting forces
F

used:
K кпд
mech

the
- it

testifies to the degree of perfection of the mechanisms; the
coefficient of loss in kinematic pairs and weapon mechanisms
K loss , closely related to the notion of durability and wearmech

allows to find the co-ordinates for their modification and to develop
the general methods for calculating these forces in the study of the
movements of the units and the mechanisms under their action.

resistance of the units; the growth coefficient of the output of the
freq
leading (unit) K ener
- gives an idea of the degree of dynamics of
the work units and automation mechanisms; various coefficients
characterizing force change, force moments, reactions, powers,
friction, relative pressure, etc., applied for solving private tasks in
the overall assessment of the dynamics of individual weapon
gun
.
mechanisms K other

These forces act not simultaneously. They perform different
tasks, and attach themselves to different mechanisms or elements of
the weapon's construction. In some momentary cycles or in relation
to some units of automation they can be moving forces, external,
gun , whereas with respect to other
adaptable and acting constantly Fext
units they can be- respectively forces of resistance, internal forces
gun
of reaction and acting periodically Fint
.

Or the summary evaluation of the weapon’s dynamic
characteristics, i.e. the criterion for evaluation on these
characteristics may be expressed by the dependency relation:

Efficiency forces and forces with harmful or passive resistance
should be distinguished. In the operation of the weapon, sometimes
the same force in some conditions can be a force with a useful
resistance, and in other conditions a force with no-load resistance.
This division of the forces into external and internal forces is of a
relative nature, but it has a fundamental practical meaning [1]. The
external forces are attached to the units or the weapon and work
with respect to their displacement. Internal forces are mutually
equated and most often are excluded in a number of calculations. Or

(2)

K

gun
freq
gun
= K кпд + K loss + K ener + K other
mech
mech
din

With the usage of (2) the main objective of the analysis of the
dynamics of automatic weapons automation mechanisms is the
clarification of the nature and degree of the mutual influence of the
movement of the automation mechanisms on the spatial movement
of the weapon and vice versa.
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Practically, each sample weapon resulting from the shot
performs various character movements in space, characterized
primarily by its geometry, non-established regime and insufficiently
stable alteration of its characteristics. Under these conditions, the
absolute movement of its automatics can be regarded as complex,
representing the totality of the relative movement of the
mechanisms in the corpus, and thgrough transmission - together
with the corpus. Presenting the spatial movement of the weapon by
introducing corrections or adjusting the initial conditions of the shot
to the characteristics of the relative movement of its mechanisms is
inaccurate and, in a number of cases, incorrect and wrong, given the
complexity of the phenomena.

means of gripping the mount in the soil or in the platform, as well
as the soil properties.
The "weapon - fighting machine" system is characteristic of
tank, zenith and aviation weaponry. The latter are fastened to swing
and swiveling parts of the set and control power lines, which
practically exclude the direct impact of the shooter on the
functioning weapon. The movement of such a weapon in space is
mainly determined by the nature of the connection of the weapon
with the combat machine and the oscillation of the machine itself.
When the system of forces acting on the weapon is known, the
general task of analyzing the dynamics of the system's mechanisms
in space movement is determined by the degree of mutual influence
of the characteristics of the weapon's constants, its automation and
its means of attachment.

Each consecutive cycle of automation in consecutive line shots
practically starts in the conditions of in determined spatial weapon
movement caused by the cumulative influence of factors as a result
of the previous shot.

An analysis of the impact of weapon characteristics, the
mechanisms of its automation, and their relative movements on
spatial motion are made to provide the required effectiveness of the
firing of a projected weapon.

The spatial movement of the weapon during firing affects a
number of its properties and especially the flawless functioning of
the weapon's mechanisms and the effectiveness of firing it. The
impact of the weapon's flawlessness is manifested by changing the
conditions and characteristics of movement of the individual parts
resulting from the spatial movement of the weapon. This situation
alters the energy balance of the main parts and their relative
movement, which is a reason for malfunctions and glitches in the
operation of the automation mechanisms.
Shooting efficiency

Eff

gun
shut

In theoretical studies to determine the characteristics of the
joint-movement mechanisms of automation and weapons in space is
usually assumed that: the system "weapon - unit" is presented as an
idealized scheme to the elements to which forces and impulses
emerging at shots and impulses have been applied; it is assumed
that the forces and impulses of the forces act on a plane where the
center of the mass of the retracted parts is, and the point around
which the weapon is rotated; the movement of a weapon in a plane
does not depend on its movement in other planes; the conscious
reaction of the shooter for the time of the short lines at the normal
firing rate does not change; the actual force impact of the shooter on
the weapon is offset by the action of the springs and the
aerodynamic damping moments and has a fully defined and
permanent character corresponding to the average test data [3].

is a parameter that depends on many

factors but is largely determined by the dynamic resistance of the
weapon, of its ability to maintain the persistence of its movement
characteristics or to maintain the position of the barrel channel axis
at the point of discharge in space before each shot. Therefore, the
quantity of the angles and the angular rate of rotation of the weapon
or its alignment over the cycle of the operating automaton can be
taken as criteria for dynamic stability of the automatic weapon. Of
course, this is not a simple phenomenon, as a number of factors
have accumulated on the movement of the weapon, which in the
analysis of the compilation of differential equations for the
movement of the automation and the weapon must be accounted
for.

It is necessary when making these assumptions in our own
calculations of weapon dynamics, first to analyze the measures of
the errors that will occur in our work and, if that suits us, then to
accept these assumptions.
The task of analyzing the joint movement of the automation and
weapon mechanisms in space is solved by various methods, most
often used: the method of mathematical modeling, i. e. analytical
solution of differential equations for movement of weapon
mechanisms; numerical integration; graphical and graphicanalytical solution; computer solution of differential equations.

The system "firing gun"- "shooter" as a biomechanical system is
characterized by the greatest complexity due to the uncertainty of
the psychic and physical reaction of the subject at each shot. In the
shot, the weapon initially moves by experiencing the increasing
muscle drag on the part of the shooter. Studies have shown that the
perceived force response can not be expected earlier than 0.2-0.25
seconds. after the shot. This gives us the right not to consider the
shooter's reaction in short rows (3-4 shots) and to consider the
"firing gun-shooter " system as an open system [2].

The idealized dynamic model should reflect the influence of the
elements of the weapon construction, the joint movement of the
mechanisms and the weapon in the space of the adopted system.
The model is a set of moving mass points dynamically equivalent to
the mass of the actual recoil parts of the original, to which the active
system of firing and the actions of the stays are applied directly or
by means of elastic elements. The movement of the model is
considered as a point considered to be immobile for the time of the
"motionless" shooter. The model should take into account the
features of the adopted system and assumptions.

Cyclicality in the action of forces and impulses makes it
possible to present the system as an non-closed oscillating system
with fully defined characteristics that can be fully correlated with
the experimental data.
Drawing from the peculiarities of the system under
consideration, the reduction of the effects of the spatial movement
of the weapon can be achieved by reducing its impact on the shooter
and selecting the most suitable shooting position. The "weaponmount -shooter" system is not complicated, has a small span and a
defined measurement of the spatial movement of the gun when
shooting. In this system, on the part of the mount, the arms of the
weapon are mainly loaded - mainly its longitudinal, reciprocating
movement in the guiding of the mount [2]. Attachment of the
guiding mechanisms limits the turning of the weapon within the
tolerance of the technical gap in the links of the mount. The force
effect of the shooter on the spatial movement of the weapon on
mount, is not decisive because of the mechanical link. The nature of
the movement of the weapon is influenced by: the structure of the
mount, the design and characteristics of the dampers and other
mechanisms of the mount; the rigidity of the whole system; the

In many studies of the dynamics of fire systems, the simplified
analytical method for determining the characteristics of the spatial
movement of the gun during firing has been adopted, to some
extent. The basis of this method is the presentation of the accepted
system as a rigid system with mean values of the parameters
defining its motion during shooting, with respect to the selected
point of the support.
In the practical use of this method, we must determine in
advance the mean numbers of spring elastic forces, stay response,
force impulses, weight and geometric data of the system according
to the calculation scheme, as well as the characteristics of the
relative movement of the automotive shutter parts.
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In the equations for the rotational movement of the weapon in
the plane of the shooting, in this case, the following parameters are
accepted: the angular velocity for the rotation by the action of the
external forces; the variable moment of inertia of the weapon
related to its point of rotation; the variable magnitude of rotation of
the summed moment by the external forces acting on the shooter's
shoulder related to a point; the initial value of the angular velocity
from the rotation of the weapon before the shot; the value from the
moment of the momentum of rotation of the weapon before the
shot; the value of the moment of inertia of the weapon related to the
point of rotation, defined as the medium of the end positions of the
weapon recoil parts.

3. Conclusion
The study of the characteristics of the automatics on pointing
the weapon has important practical meaning. Decreasing the forces
that affect the special movement of the weapons leads to decreasing
the diffusion and increasing the efficiency of shooting.
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The interaction of striking parts and mechanisms of the weapon
is one of the features of a functioning automatic weapon, based on
the classic scheme of automation with movement of the movable
parts after the shot. The impact of automatic weapons is
characterized by a wide variety and a high rate of repeatability. Two
or more units may be in the process of impact. The most common
are strikes between two units immediately or through an
intermediate link - both directly and indirectly.
The deformation of the impact units is the reason for the
spreading of deformation waves and pressure along the contact
points. The end parts of the units of different shapes create a
complex structure at the plane of tension, changing their parameters
not only to a point, but also to the whole unit. The properties of
such a plane determine the distribution of kinetic energy between
co-striking units and hence, the change in the velocity of motion of
the units after the strike [4].
The strikes transmitted to the barrel box are one of the reasons
for the space movement of the weapon. They complicate the
operating conditions of the mechanisms and significantly affect the
effectiveness of the firing. In the theoretical investigations, the
various impacts on the weapon are carried out with a number of
simplifying assumptions. Real mechanisms can be represented with
simplified idealized schemes or models, and real units - with
dynamically equivalent substitution masses, taking into account the
specificities of the mechanism and the case under consideration.
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1. Introduction

2. Preconditions and means for resolving the
problem

The orientation to foreign markets for products sales is
becoming the important direction of development of national
machine-building enterprises in the conditions of active integration
of the Russian companies into the world economy. In this regard the
importance of searching the ways for expansion of Russian hightech machinery export is growing. The enterprises have to develop
new technologies and improve the quality of mechanical
engineering products. The developing an export of the competitive
high-tech machinery goods gives the chance to Russian enterprises
to survive in the competitive world market. The competition acts as
a force providing interaction of the supply and demand
counterbalancing market prices.
One of the main goals of each enterprise is to increase its
competitiveness. But also it is well known, that the machinery
products can be made almost everywhere and can have many
standard core features. Therefore, producers often turn to country
associations to differentiate their brands, bringing goods to the
market. It has received the name of "country of origin effect (COE).
The COE has been also extended to the context of country of design
and country of assembly as a result of the globalization process and
development of multinational companies [14]. Strong image of the
country, its compliance to core product characteristics determine a
positive image of the country of origin in the opinion of the
consumers and influence on the decision of purchase [16]. So, for
the goods assembled in Germany or Japan the consumer is ready to
pay more, than for the similar goods assembled, for example, in
China.
In case of entering into the foreign markets many Russian
companies face the same problem – goods from the Western
European countries are in a great demand, than Russian. And even
in the CIS countries in many tenders the participants get more
points if they can offer local goods (state support of domestic
producer), or European goods. As a result, possessing competitive
goods and competitive price, the Russian producer is involved in
the competition of the country brands "made in ….‖.
Nowdays the "made in Russia" brand in Russian machine
building is not very attractive to the consumers. In the most cases it
is more competitive, than the "made in China" brand and it is,
usually, enough for an entry into the markets of South-East Asia,
the Middle East, India, Latin America, but it is an obstacle to enter
into the markets of high developed countries. There is a problem
how to get over the negative perception of high-tech mechanical
engineering products made in Russia and to increase the
international competitiveness of Russian machine building
enterprises.

Creation of a positive country brand is a task of the state
and it is important to be engaged not only in support of the export
enterprises, but also to promote a brand of the country at the
national level. The certain steps for this purpose have been taken
already in Russia. For example, the state takes the following steps
for export support: improvement of the separate administrative
procedures on conducting foreign economic activity since 2011,
simplification of compensation of the VAT by exporters, crediting
of exporters with the subsidized interest rate [8]. The various
institutes for export support are created: the Russian export center,
Export insurance agency of Russia, etc. work. However all these
measures don't exert a considerable impact on foreign trade
activities of the industrial enterprises. The small and medium-sized
enterprises often don't have full information about these measures
of support, and there are not so much large competitive companies
to increase an export turn of Russia. Besides, it is more important
not to provide privileges and subsidizes, but to create the general
favorable terms for export. An entry into the foreign markets is
possible only if the top managers of the enterprise set before
themselves such purpose and are interested in foreign economic
activity. Especially it is important to do for high-technological
branches.
According to classification of the United Nations
Industrial Development Organization we can name as high-tech
industries the following branches: chemicals and chemical goods;
machines and equipment, including office and computer equipment;
electrical machines and devices, television and communication
equipment; medical and optic instruments; cars and other vehicles.
In these branches Russia loses the competitive positions in the
world markets. Now the main task of the Russian machine-building
enterprises is to increase and develop the export potential. Many
researchers note the importance of development of the export
potential of the enterprise as bases of modernization of the Russian
economy in general [3, 6, 9].
The export potential of the machine-building enterprise is
an open economic system, and has ability to development inside the
enterprise, but it is characterized by essential dependence on
influence of different factors of the external environment. Therefore
management of the export potential of machine-building enterprise
can be considered as a set of the subject and the object of
management interacting on the basis of managing influence and
feedback for the purpose of ensuring the certain qualitative and
quantitative parameters characterizing processes of change in the
industry [4]. At the same time management of the export potential
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of machine-building enterprise has a system character. For
achievement of the set level of its implementation it is necessary to
conduct researches regularly, to prove, control and regulate the
happening processes [2].
Since the end of the 20th century researchers note the
beginning of the third industrial revolution which is characterized
by informatization of business processes and forming of the
international networks [11]. And a few years ago the group of the
German scientists, politicians and businessmen announced the
future Fourth industrial revolution or the Industry 4.0, which is
characterized by active development of new technologies and
serious restructuring of global value chains (distribution of
technologies of "the smart factories", flexible interaction of virtual
and physical systems of production, active implementations digital
and nanotechnologies and etc.) [10]. Thus, it is vital for the
enterprises to offer the market high-tech products and to provide
continuous process of their improvement. Russian machine-building
enterprises are interested to use the new technologies of the
advanced countries to increase quality of the products and also to
solve a problem with an attractiveness of a country brand.
The developed foreign markets are open for the large
corporations which have financial possibilities to promote the goods
and maintain communications with foreign partners and also for the
companies with unique and competitive goods. Russian enterprises
of military industrial complex and power engineering are quite
competitive [8]. However, even these enterprises face the problems
of overcoming perception of the Russian COE abroad. As a matter
of experience ―Ural Optical & Mechanical Plant‖, we offer two
schemes to increase the efficiency of international trade for Russian
enterprises: development of the international cooperation in the
form of subcontracting and use of Private label manufacturer.

quality, a weak service. And even if all these defects are eliminated
a quality of the products is high and a service support for the
foreign consumer is provided, the available stereotype influences on
the buyer and on making a decision about purchase of the goods.
Depending on a level of development of the enterprise it
is offered the several schemes to improve the position of the
Russian industrial companies in the world markets.
For the enterprises with the low level of technical
development or a lack experience of foreign economic activity we
can offer such effective method as development of the international
cooperation in forms of a subcontracting and "screwdriver
assembly". Depending on opportunities of the enterprise the
subcontracting can be carried out in three forms:
- a classical subcontracting - production and delivery to
the customer of the components and accessories of machinetechnical products made according to the international (Russian)
standards and delivered in bulk (for example, fasteners, a packaging
material, etc.);
- OEM (Original Equipment Manufacturers) - designing,
production and delivery to the customer of the units, blocks and
separate details according to the agreed specification.
- ODM (Original Design Manufacturers) - development,
production and delivery of the units and separate details made by
request of the contractor and delivered to it in limited quantities and
in strictly certain terms (innovative outsourcing).
In general the main benefit of subcontracting is that it
gives the chance to small and medium business to pass from the
simplest schemes of value added to own industrial production, and
the large enterprises can reduce the expenses and pay attention on
production of the main products.
As an example we can describe a case of cooperation of
JSC ―PA ―Ural Optical & Mechanical Plant‖ (―UOMZ‖) with such
companies as "DISIME S.A. de CV", Mexico and "Special
Laboratory Equipment Ltd" ("SLE Ltd"), Great Britain.
―UOMZ‖ is the industrial enterprise of Sverdlovsk region
which is engaged in development, production and sale of goods of
both special and civil appointment (medical equipment, lighting
devices and surveying instruments). The main strategic objective of
―UOMZ‖ is growth and innovative development of business and
strengthening the positions in the market, increase in
competitiveness and investment attractiveness of business [5]. The
enterprise has a high level of foreign economic activity, delivers the
products into 88 countries of the world.
The cooperation ―UOMZ‖ with "SLE Ltd", Great Britain
has begun with "screwdriver assembly" of simple medical devices
on the basis of purchase of necessary details and the equipment at
―SLE Ltd‖ and has developed into the Russian-British joint
production of high-technology artificial lung ventilators.
Development of cooperation was followed by the investments into
personnel (training, advanced training), into engineering process
(receipt of design documentation, drawings, schemes), into the
equipment and production capacities of Russian enterprise.
Though the value added of "UOMZ" in this cooperation
was small (about 15%), cooperation has allowed the Russian
enterprise to get the following competitive advantages:
- to expand the range of products, to enter into a line of
medical devices three new hi-tech artificial lung ventilators that has
led to updating of civil production of the plant for 6,7% whereas for
the same period without cooperation updating of the production line
was carried out for 1-1,2% only.
- to increase the sales volumes of medical equipment. In
calculation the actual and planned size of proceeds from sales of
medical products were used. The percentage of fulfillment of a plan
at the beginning of cooperation was 85%, after the starting of
production of third model of ventilator they have got fulfillment of
a plan 120%.
- to begin own collaboration and production of hi-tech
ventilators. In 2008 own ventilator for newborns APDN-01 UOMZ
has been developed and entered into serial production at the
enterprise.

3. Solution of the examined problem, Results and
Discussion
According to most of researchers, the COE influences on
the preferences of consumers. The COE is ―any influence that the
country of manufacture has on a consumer’s positive or negative
perception of a product‖ [15]. From the earlier studies [21], it
appeared to have a large impact on consumers’ evaluation and
purchasing behaviour. A conceptual relationship between the
country of origin and the attributes of a product is developed,
whereby the perception of the country of origin is linked to the
product in a country-product assimilation that guides the
consumers’ evaluation of the product [13].
Another definition of the COE is ―the overall perception
consumers form of products from such a country, based on their
prior perceptions of the country’s production and marketing
strengths and weaknesses‖ [19].
With the development of the global markets since the end
of the 1990th years in scientific literature there was a differentiation
of the country of origin effect (COE) on country of manufacture
(COM) [20], the country of assembly and the country of design
(COD) [18]. In the process of formation of large international
industrial enterprises the difference between COM and COD grows.
At the same time the global companies begin to manipulate a brand,
offering the consumer the most attractive COE. Direct investments
of the multinational companies to developing countries to reduce
the production costs accelerated process of formation of hybrid
goods and brands with double nationality [17].
The opinion about the country brand is created under the
influence of a large number of various factors. The political system,
scientific achievements, tourism, figures of policy, culture, sport, an
export of goods and services, cultural values, competitiveness of the
firms and goods, image of trademarks have the greatest value [7].
At entry into the foreign markets many Russian
companies face a competition of goods from the Western European
countries. The ―made in Russia‖ brand isn't attractive to the
consumers of machine. The stereotype of foreign consumer
concerning the Russian production is the following: not very
expensive products, with bad package, an ugly design, an unstable
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This cooperation has allowed ―UOMZ‖ to attract
investments in a productive form, to expand the range of products,
to increase sales volumes and on the basis of the knowledge and
technologies received from the partner, to begin an independent
research and development and production of new high-technology
medical products.
Cooperation "UOMZ" with firm "DISIME S.A. de CV",
Mexico was developed on the principles of "screwdriver assembly"
of surveying instruments in Mexico using ―UOMZ‖ component
parts and technologies. The revenue of assembly sets was lower in
comparison with exports of finished products. The finished products
were sold in Mexico under other brand, and this cooperation has
allowed the Russian enterprise to enter the market with smaller
costs, than in case of opening subsidiary company or representative
office and allowed to find new partners in Peru, Brazil, Colombia
and Chile.
The tool of "screwdriver assembly" can be used also in
foreign tenders. As a rule, the state wants to protect local producers
and provides additional points to the participant of the tender
offering local goods. In order to overcome this barrier it is possible
to conclude agreement with local partner about "screwdriver
assembly".
Certainly, these forms of cooperation shall not be final
purpose in the activity of the enterprise and it is necessary to avoid
dependence on the foreign partner, but it is reasonable to use them
as a temporary measure in a complex with other actions of foreign
economic activity.
The second method helping to overcome a problem of
negative perception of the COE in case of entry into the new
developed markets can be PLM system (Private Label
Manufacturer). PLM means that the goods and services are made by
the third-party producer under the order of the owner of brand and
are sold under the brand of the owner. Usually trademarks belong to
the producers and private brand (wholesale and retail sellers) [5].
For the long time goods in retailing were on sale mainly under
trademarks of the producers. However at the end of the 20th century
the increasing number of department stores, supermarkets, shops of
cloth, household devices, drugstores began to involve the private
label into the assortment.
Almost all large the Russian retail networks of household
devices have PL. So, "Eldorado" has Elenberg and Cameron, "Mir"
has Trony, "Tehnosila" has Techno. Network "Elektroflot" has got a
brand Bork, and "M.Video" organized its own production company
―Sokol‖. In the market of mobile communication the network
―Evroset‖ promotes goods under two brands: actually "Euroset"
(accessories and cards of payment) and "Evrofon" (skype-made
phones). There are some examples of using this strategy in IT
business. For example, the RSI company actively promoted
monitors under the brand GreenWood in the Russian market some
time ago. Merlion offers the partners five own trademarks: iRU
(PC), Ippon (UPS), Jetbalance (acoustics), Oklick (keyboards and
manipulators), Digma (gadgets and "memory") [1].
In the classical "product" theory of private label the main
task of these goods consists in distribution of the positive
associations connected with the brand to the sold goods. Thus, it is
possible to receive additional benefit from using successful, strong
brand and to spare money on advertizing. But in addition this tool
allows to decrease negative influence of the weak country brand and
to receive extra benefits from entering into the foreign markets. For
example, the Russian company promotes and sells household
devices, equipment and electronics in the markets of the CIS under
trademark Bork. In 2001 the Tekhnopark company has decided to
invest funds for creation of own brand, and has soon registered in
Germany the BORK Electronic GmbH company owning the rights
to the trademark. Production capacities of the company are located
in the different countries, however, in case of promotion of this
equipment in Russia accent is placed on the German quality – "Bork
– made in Germany".
There is the popular scheme when the firm is registered in
the USA, Japan or Europe, while the production of electrical
equipment is placed in the countries of Southeast Asia, and devices

are sold in the Russian market. At the beginning of the 21st century
such scheme became popular thanks to a deficit of the cheap
equipment against decrease in purchasing power of Russians after
crisis of 1998. Now Russian producers do not try to create western
PLM of electrical devices because the consumers know that such
devices are made in China and Hong Kong. Therefore usually it is
specified that goods are delivered from Southeast Asia, and it is
perceived by the consumer positively.
However for some goods "the Russian production" is still
not advantage in the opinion of consumers. In particular, the
Russian medical equipment can be such goods. The situation in this
field is complicated also by the fact that these goods require
obligatory international certification. So, in case of promotion of the
Russian medical equipment into the market of Europe the CE
certificate is obligatory. In this case it is impossible just to sign the
contract for use of trademark. PL manufacturer shall have also
European certificate on this product.
If the OEM manufacturer (the Russian enterprise) has
ISO-certified production and the CE certificate on products planned
to export, then he has the right to attract the authorized certification
body and to carry out certification of own foreign subsidiary
opened, for example, in Germany as the PLM. At the same time for
the PLM it is not required to have production capacities, it is
necessary to have only effective certified quality management
system and the contract with the OEM to agree all obligations of the
parties.
Successful procedure of the international certification
opens access not only to the European market, but also to the
markets of many other countries recognizing this certificate. The
scheme OEM-PLM can help the Russian producers take part in
foreign tenders, offering products under a brand of foreign
subsidiary.
But using the scheme OEM-PLM, it is important for
Russian companies to save a role of OEM as only it will help to
increase competitiveness of the production. Besides, it is important
to enter Russian products into the markets of the developed
countries as it allows the Russian producers to establish for itself
higher level of knowledge and competence of personnel, higher
requirements to production.
As an example we can describe promotion of medical
equipment of ―UOMZ‖ into German and Swiss markets. The
device LED phototherapy lamp for newborns was sold successfully
several years in the Russian market, in the CIS countries, Southeast
Asia and the Middle East.
The medico-technical characteristics of this device
considerably exceed the corresponding characteristics of lamp
irradiators and does not yield to the Western European and
American LED lamps. That is why in 2008 the enterprise has made
attempt to enter with this device into the market of Western Europe.
The first step was certification of the Swiss daughter
enterprise of ―UOMZ‖ as PLM, than it was carried out the complex
promotion actions – participation at the European exhibitions and
medical congresses, product demonstration to potential consumers,
numerous tests of the device in hospitals, several improvements of
the device according to the consumers remarks.
Finally, the enterprise entered in German and Swiss
markets with this medical device and by 2016 deliveries in these
markets have made 2% of the total amount of export; secondly,
sales in the Western European markets have strengthened image of
the plant at consumers and, as a result, have led to increase in sales
of medical production and in other markets. In 2008 sales into
foreign markets have single character and are carried out by small
parties, since 2011 there is an essential increase in geography of
sales, emergence of new regions of sale. Since 2011 till 2016 the
share of countries of Western Europe in the export of ―UOMZ‖
increased from 1% to 3%. The share of deliveries to the countries of
Southeast Asia grew up significantly (from 8% to 20%) and the
countries of the Middle East - from 5% to 17%.
It can be concluded that OEM-PLM schemes and all other
measures for stimulating of export have allowed "UOMZ" to launch
the entry strategies in the markets of many foreign countries. The
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countries of Southeast Asia and the Middle East have become the
priority regions for the enterprise. The strong competition and a
political environment don't allow an increase of the presence in
countries of Western Europe significantly yet, but even small on
volume, but regular deliveries of the Russian medical equipment to
the high developed markets of Germany and Switzerland can be
acknowledged like a considerable achievement.

4. Conclusion
The Russian producers are forced to adapt under
requirements of the market, to provide process of continuous
improvement and development of all systems of the enterprise, to
use the effective schemes of advance of the goods, to provide a
compliance of the goods to the norms and requirements of foreign
countries under globalization and fast development of new
technologies. In terms of standardization processes in the world,
production of goods has many similar characteristics and close level
of technical and qualitative parameters. Thus before the producer
there is a task to allocate the product to attract the buyer. In the
article a conclusion has been received that one of the ways of
involvement of the consumers can be using of country brands. The
opinion on the country brand depends on many factors: history of
the state, scientific achievements, culture, image of trademarks and
others. The strong image of the state defines positive perception of
brands of the products and the companies coming from this country,
positively influences the decision on purchase. Many enterprises
with the negative COE try to decide this problem and to overcome a
negative perception of the country brand.
In the article two schemes for expansion of export of
industrial goods abroad are offered (especially in the developed
countries of the world): cooperation with foreign producers of the
equipment on the terms of screwdriver assembly or a subcontracting
and the OEM-PLM system with the partner having positive COE.
Only competition with stronger player will allow the Russian
industrial enterprises to improve goods quality and customer
service, to fix in the foreign markets and to change the stereotype of
a "cheap" brand to "high-quality and expensive".
The offered schemes can be used also by any other
companies from the countries with negative perception of the
country brand at the foreign consumers and low level of export
competitiveness. These tools can afford to increase the export
potential of the enterprise and to remain the active player during an
era of the coming fourth industrial revolution.
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Abstract: Liner shipping industry is characterized by increased market concentration and cooperation. Maritime operators apply
various forms of cooperation for maximizing revenues and achieving operational efficiency. The present article analyses the benefits of using
Vessel Sharing Agreements in container transportation. Shared services agreements of leading liner operators are studied. The results show
that Vessel Sharing Agreement application leads to higher transportation efficiency in terms of costs minimization and service reliability.
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for easy entry to other markets without substantial investment. The
Slot Exchange Agreement (SWAP) is a charter agreement
concerning hiring of space between two separate liner services each
run by a different operator within the alliance. In this way, the
alliance partners can achieve higher flexibility, for example
increasing frequency of service or inclusion of additional (optional
ports) that are not serviced by their line.

1. Introduction
Modern container liner transportation is characterized by high
extent of market concentration as an outcome of specific forms of
cooperation. These forms of carriers’ cooperation exist for the
purposes of expansion of services and costs reduction. There are
several tools for market cooperation in contemporary liner shipping:
slot charter agreement, slot exchange agreement and vessel sharing
agreement [3]. The mentioned three types of slot sharing tools
enable carriers to use capacities of their partners within alliances.
The incentives behind such market actions stem from the benefit of
eliminating slots overcapacity or compensating slots shortage on a
given service. The process is dynamic and corresponds to the
specific needs of each alliance member. Therefore, slot allocation is
one of the most important characteristic of liner operators’ alliances
and each participant must plan the slots needed in advance. The
present article studies the current status of alliances in liner shipping
and the most widely used tool for cooperation within these market
cooperation form – Vessel Sharing Agreement (VSA). The specifics
of the VSA are analyzed and the concept of costs sharing is
outlined.

In order to increase the capacity of a developed liner service and
to achieve better market position, Vessel Sharing Agreement (VSA)
is applied. Under such agreement the allotted space to a certain
company of each participating vessel is proportionate to the total
capacity provided under the VSA (Figure 1)

Figure 1 Slot sharing concept [5]

2. Alliances in liner shipping – issues and
challenges
The process of cooperation in liner shipping has a long history,
starting from liner shipping conference to nowadays’ alliances,
following the EU competition regulations [3]. Due to the dynamics
of global trade flows and the customer requirements for a more
competitive service, liner operators enter into operational alliances
with competitors. This modern form of cooperation complies with
current competition rules and aim at improving the transportation
services [4].
Back in year 2000, there were only three alliances, comprising
ten liner shipping companies. Fifteen year later, there were four
large alliances. During the last two decades the average duration of
a round voyage increased by more than 80% against the increase of
containerships size by almost 450% [4]. After the economic crisis in
2008, the cargo volumes dropped significantly, facing a steady
recovery only in 20015. The continuous increase of the vessel size
and the strict regulations regarding air pollution from ships have led
to longer round voyage duration and prolonged port stay. From a
technological point of view the services organization requires more
ships in operation – due to increase of vessel’s size and prolonged
port stay. In order to cope with higher extent of investment, liner
operators are forming alliances thus ensuring access to higher
capacity, enlarging the scope of services and corresponding to
customer demand. This type of cooperation also ensures for reliable
schedules and higher frequency of service.

It is worth mentioning that the alliances function only for
operational purposes while each participant retains its own market
identity. This is particularly valid for the long-distance routes
whereas feeder services will remain autonomous and are operated
by the individual company outside the alliance. For customers it is a
vital option of being given a choice among several operators on one
and the same route. For major ports the latter has enhanced port
competitiveness and port services diversity.
On April 1, 2017 three major alliance were formed, representing
77.2% of the global container capacity and 96% of all East-West
trades’ container capacity [5]. Prior to the economic crisis in 2008,
major liner operators have enlarged their new-buildings lists. This
move would have ensured for major market advantage, with even
lowers costs per unit and eventually, a leading position in offering
competitive prices. After several years the liner shipping market
was already characterized by overcapacity leading to imbalance
between demand and supply and a slump in liner tariffs. The present
status of liner shipping cooperation via alliances is presented in
Figure 2.

From a contractual point of view, the simplest form of slot
sharing is the Slot Charter Agreement whereas each alliance
competitor purchases slots of another partner’s ships. This ensures

66

Figure 2. Largest liner shipping alliances (January, 2017) [5]

performed by each member without any obligation to announce
same or to place same within certain limits. In this way the
members of VSA retain their market position and function
independently as concerns booking of cargoes, branding of services,
issuing of in-house forms of cargo documents, empty containers
management, etc. The standard clauses, pertaining to the usual
terms of carriage, are also included in the VSA and these mainly
concern incidents, handling of insurance claims, applicable law and
arbitration procedures.
According to common practice, a number of standard
agreements are issued, in addition to the common Vessel Sharing
Agreement. For example, Slot Hire Charter Party, whereas same is
to be used for internal re-allocation of slots between two members
according to the current requirements (Figure 3). The
supplementary agreements provide the details of the business
relationships among the members in order to handle effectively any
disputes related to the VSA fulfillment.
Liner services operational matters are also handled within the
Vessel Sharing Agreement as per the scope and responsibility of
each members’ participation. The latter concerns differentiation
between different sizes of containers, carriage of hazardous goods,
schedules adjustment, vessel’s maintenance, optional ports of the
service. It should be mentioned that collaboration also included
matters related to warehousing, inland container yards and container
freight stations, lease of empty containers in order achieve costs
reduction. One of the most important advantages of Vessel Sharing
Agreement is the lack of high volume investment needed to fully
operate the ships as well as the scale economies achieved by
maximizing capacity utilization - the ratio between shared capacity
against the total capacity varies according to the market position of
each individual member company. The VSA offers to the members
wider geographical scope of coverage of routes, offsets period of
economic downturn and respective losses. The latter is achieved via
costs savings by decreasing the number of vessel’s in operation and
at the same time maintaining their market position. Vessel Sharing
Agreements have restructured the organization of the liner shipping
market which has led to redesigning of liner services and creation of
global network offering high quality service. The latter proves the
on-going tendency that independent liner operators are seldom
present on the market due to the high operational costs involved and
unstable markets.

As presented in Figure 2, the three major trade routes are not
covered by all three largest alliances. It should also be pointed out
that internal operational activities distribution might change over
the next few years as a response to the market dynamics.

3. Cost benefit analysis of VSA in liner shipping
operations
Vessel Sharing Agreement is a form of cooperation between
two liner operators aiming at higher efficiency of liner services and
cost reduction. The conclusion of the VSA should be performed
against the evaluation of the following issues: the scope of liner
services coverage, port rotation, frequency of service, number of
vessel in service, capacity of the assigned container vessels, the
individual allotment of each participant of each vessel, operational
details of the ships (service speed, fuel consumption, etc.), planned
time of port stay, planned round voyage duration, time reserves of
the schedule, planned operational activities for service reliability [2]
Each alliance participant enters the agreement with a predefined
number of operated/owners container ships. According to the
standard clauses each member of the alliance is entitled to use a
certain number of container slots of the vessels included in the joint
service. The allocation of capacity is performed on proportionate
basis according to the capacity of members’ own/operated vessels.
In this way actual contribution is achieved via balancing between
each members’ capacity and the alliance’s total capacity.
The internal re-allocation of capacity among the members of the
VSA is also possible depending on the market status. However, this
re-allocation is based on prices agreed in addition. As each
participant is arranging for the maintenance and all costs for their
vessels, these expenses are not a subject of sharing within the
alliance. The fixed costs covered by each VSA member include the
following: vessel’s time charter hire, vessel’s full running costs,
bunker costs, all canal and port dues (disbursement accounts),
terminal handling charges at ports of loading and discharging as
well as at transshipment ports. Port terminal charges for each vessel
(additional cargo handling activities, containers lashing, stevedores
overtime) are distributed proportionately among the members basis
the container capacity they participate with. As liner operators,
especially the largest companies, invest in development of container
terminals, it is common practice that agreements with only one
terminal operator at the visited ports are concluded at agreed prices.
The decision for appointment of a certain terminal operator is based
on the following: level of terminal handling charges, guaranteed
loading/discharging rates of containers, intermodal added-value
(connections to and from hinterland).
Members of the VSA apply individual pricing policy. The latter
means that the formation of liner tariffs, rebates and surcharges is

Figure 3. Slot allocation concept basis cost sharing in VSA (adapted from
[1])
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Carrier 3
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One of the basic clauses of the Vessel Sharing Agreement
concerns the re-allocation (internal sale and purchase) of surplus
capacity among the members. It is necessary that the price of such
transactions is determined in addition. The estimation of the slot
costs for every route/service is based on the following
considerations:
- fixed and voyage costs of the container vessels (according to
vessel’s size and ownership, vessel’s fixed costs are the basis of
calculation of the daily running costs);
- the designated round voyages distance in nautical miles;
- sailing time of the ship (basis service speed and nautical
distances);
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– time for entering and leaving the ports, navigation through
canals;
- port stay time (depending on the volume of cargo to be
handled and available port infrastructure);
- total voyage time including the sailing time, time for canals
navigation, entering and leaving the ports, port stay time.

4. Conclusion
Modern container liner shipping industry is characterized by
high volume of investment that requires various forms of
collaboration between liner operators. The recent development of
the market collaboration has shown that alliances formation is the
most viable form of market concentration. The application of Vessel
Sharing Agreements among the members of the alliances whereas
members enter into joint operation of liner services via slot
exchanges. The latter is based on cost estimation against contributed
capacities. The existence and implementation of such agreements
aims at achieving higher operational efficiency and higher
economies of scale.
The present article has analyzed the current status of market
cooperation in contemporary liner shipping, presenting the recent
changes in market concentration for this industry. The architecture
of the most widely used tool for costs sharing is outlined and the
conceptual model for costs allocation is presented. The results show
that costs sharing via Vessel Sharing Agreements is an efficient
method for obtaining market stability without major investments,
strengthening of liner operators market position and ensuring of
better customer service.

Figure 4. The Conceptual model of slot costs estimation (adapted from
[2])
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- bunker consumption basis fuel and diesel oil consumption
(where applicable) during sailing. maneuvering, canal passing and
during port stay;
- disbursements accounts, estimated for each port and generally
depend on the local fees for towage, pilotage, port dues, light dues,
vessel’s gross or net tonnage, agency fees.
The total costs for participation in the VSA are the sum of
vessel’s running costs and voyage costs, with detailed elements as
per above. After the summary of vessel’s total costs it is divided by
the available slot capacity to obtain the slot price for each type of
voyage. It should be noted, however, that the available slot capacity
can vary depending on the limitations at ports, type of container and
individual weight of containers. Due to the latter the slot price is
recalculated against the actual costs incurred after the
implementation of the planned voyages.
The slot re-allocation procedure is of vital importance being the
main transaction among the VSA members. The procedure entails
sale of surplus slots against their purchase by another member that
temporarily has lack of capacity. The calculation of the slot costs is
based solely on the operational costs. As for the other, secondary
costs, that are also characteristic for the business (terminal handling
charges, transshipment costs onto feeder container vessels, rail and
road costs, etc.) as well as the non-direct costs (maintenance of
containers, lease of containers, storage of containers, handling of
empty containers, etc.) all these are directly included in the
formation of the liner tariffs that are determined by each VSA
member individually.
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PAINT COATINGS FOR CORROSION PROTECTION OF LIVESTOCK MACHINERY
Chief Assistant Prof. Ivan Mortev, Dr. Evgenia Achkakanova
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Abstract The machinery in livestock farming works in a highly aggressive environment, increased ammonia content and high humidity.
Anticorrosive protection of machines and equipment is widely used on the basis of lacquer materials. Their effectiveness is mainly
determined by the selection of the varnish materials according to the type and degree of corrosion hazard.
Modern lacquer-based materials based on melamine, pentaftal, nitrocellulose, butyl methacrylate, chlorovinyl, epoxide and other resins are
characterized by high protective properties and the possibility of renewal.
KEY WORDS: LIVESTOCK FARMS, MACHINES, CORROSION, PAINT COATINGS, ANTI-CORROSION MATERIALS,
TECHNOLOGIES.
The machinery in livestock farming works in a highly aggressive environment, increased ammonia content and high humidity.
Therefore, wear is intense (aluminum corrosion reaches 10 mm per year and steel up to 1 mm), and failures are common [1,2]. The degraded
performance of the machines is the reason for the increased costs of maintaining and shortening the terms for their use on the one hand and
the animal husbandry regimes, which is a prerequisite for reducing the quantity and the quality of the produce
Destruction and damage to machine components in the most common case is due to the action of:
• Physical field (environment) - power, heat, etc.;
• chemical field-surfactants; chemical-active substances; the simultaneous operation of physical and chemical fields (Figure 1).

1

2

3
Fig. 1. The mode of action of the causes inflicting damage and destruction of the details: 1physical field, 2-chemical field, 3-physical and chemical field

Types of destruction and damage under chemical field action are given in Figure
2. Corrosion is an unacceptable type of surface destruction of the material [3,4] as a result of its static interaction with liquids or gaseous
media. The main cause of corrosion is the thermodynamic instability of the metal compounds.
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Fig.2. Types of damage and destruction under the influence of chemical field
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Corrosion protection as a whole is a complex of activities
to prevent and inhibit the corrosion processes, to maintain the
working capacity of the machines and equipment within the
nominal lifetime. Methods for protecting metals from corrosion are
based on effects that lead to total or partial reduction of activity of
factors contributing to the development of corrosion processes
[6,7,8]. It is possible to divide into methods that affect metal, the
environment and combined methods. The most widespread
application of the first group of methods has been the application of
permanent coatings, conservation coatings, alloying. Among the
second - complete or partial chelation, removal of moisture (drying)
removal of environmental pollution, maintenance of optimal
temperature regimes. If these methods do not achieve a good result,
the combined methods based on the complex effect of the metal
through protective coatings and the environment are applied.
Among the most common methods of protection against
atmospheric corrosion and the effective method of applying
protective lacquer coatings is sufficiently effective.
Survey data on the total cost of corrosion protection of
lacquer coatings accounts for 39% of these costs and almost
doubled the cost of developing and producing corrosion-resistant
materials [5]. All varieties of lacquer coatings refer to the group of
organic coatings and are a solid layer of organic matter with
pigments and fillers obtained during the drying of the applied
material. The coatings depend on the continuity and density of the
layer insulating the surface of the metal from the environment as
well as the nature of the interaction of the coating with the surface
of the metal. The thickness of the coating depends on its purpose
and on the need for good adhesion to the surface of the metal.
The main advantages of lacquer coatings are:
• An application can be used to protect any type of
construction, directly on the assembly and construction sites
• Simplicity and ability to automate the process
• Possibility to repair and recover the coatings immediately
during the operation
low cost of materials per unit area and low cost compared to
other types of coatings
A major indicator determining the effectiveness of
applying one or another type of coating is its durability, namely: the
ability of the coating to maintain its protective properties to a
marginal state defined by a repair service system. The durability of
the coating is determined by many factors, such as: physicalmechanical and chemical properties, surface preparation prior to
painting, the correct type of coating selection or coating system for
specific operating conditions.
Regardless of the good results with the use of the anticorrosion protection materials, there are technological imperfections
that reduce the durability of the coating. The analysis of such gaps
shows that the main reasons are:
• the choice of type of coating or coating system is made
without taking full account of factors such as technology of
operation, operating conditions, storage and impact of
climatic factors. Climatic factors include temperature,
humidity, solar radiation, relatively rapid temperature change,
the presence of salt mist, and the degree of corrosion of
airborne
substances.
• when choosing an anti-corrosion coating material, the focus
is often set on the financial side, respectively. material with a
lower price. The "rule" in such cases is that a product will be
re-processed. The practice of restoring protective coatings of a
certain type is limited to removing corrosive defects by
applying a layer of the same material without completely
removing the old coating.
• disturbed technology for applying the protective coating. For
each particular type of coating, there are technological
requirements that determine the degree of preparation of the
surface to be treated, the maximum and minimum operating
temperature, the drying time of a separate layer of the coating
and many other parameters of the process. Technological
deviations in the process result in a significant reduction in
the protective capability of the coating and, as a rule, in lower

durability. For example, synthetic resin based coatings
provide reliable and long-lasting anti-corrosion protection
only when strictly adhering to the technological requirements
(pre-sanding, degreasing on the surface to be treated, a certain
temperature drying regime, etc.).
The complexity of the technological process
providing high-quality coatings places significant constraints
on wider application (eg in field conditions) where there are
no suitable conditions for preparing the protected surfaces,
providing optimum temperature and humidity for coating
application and drying. That's why modern painting materials
require stationary working conditions.
Conclusion
Anticorrosive protection of machinery and equipment in
agriculture is widely used on the basis of lacquer materials.
Depending on the operating conditions, these coatings must provide
protection against the effects of atmospheric, biological, mechanical
and thermal factors.
The effectiveness of anticorrosion protection depends
primarily on the selection of the varnish materials, depending on the
type and degree of corrosion hazard.
Modern lacquer-based materials based on melamine,
pentaftal, nitrocellulose, butyl methacrylate, chlorovinyl, epoxide
and other resins are characterized by high protective properties and
the possibility of renewal.
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POSSIBLE ENGINEERING SOLUTIONS FOR THE COMPLETION,
RECONSTRUCTION AND MODERNIZATION OF THE IRRIGATION
INFRASTRUCTURE
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Abstract: The purpose of this report is to propose possible engineering solutions for the construction, reconstruction and modernization
of the existing irrigation infrastructure in our country . These solutions can assist beneficiaries in the application process for the Rural
Development Program 2014-2020 under sub-measure M4.3 "Support for investment in infrastructure related to the development,
modernization or adaptation of agriculture and forestry". In order to achieve this goal, the state of the existing irrigation infrastructure has
been analyzed and the specifics of the irrigation systems in our country have been assessed. Based on this several model systems of different
type and construction were selected. For some of the irrigation fields, possible technical solutions concerning their completion,
reconstruction and modernization have been analyzed.
Keywords: CONSTRUCTION IRRIGATION SYSTEMS, RECONSTRUCTION, MODERNIZATION, TECHNICAL SOLUTIONS
concerning reconstruction and modernization of irrigation systems
and facilities [2] [3] [4].

1. Introduction
Hydro-meliorative infrastructure is fundamental to economic
development, demographic growth, social development and higher
standard of living for a country. Therefore, a great deal of attention
should be paid to this sector and to improve, reform and modernize
its current state.

The rehabilitation of irrigation infrastructure will not only
increase the competitiveness of farms but also ensure effective,
rational and environmentally sound management of available water
resources.
This report aims to offer engineering solutions for the
completion, reconstruction and modernization of model irrigation
systems. These solutions will help beneficiaries under the Rural
Development Program 2014-2020 , sub-measure M4.3 "Support for
investment in infrastructure related to the development,
modernization or adaptation of agriculture and forestry".

In our country the existing irrigation infrastructure was built
sinse 1960s to 1980s. It reaches up to 1.2 million ha, then begins a
sharp decline. It includes a total of 236 irrigation systems and a
significant number of irrigation fields with a total area of 740 000
ha, 168 dams and water bodies with a total capacity of 3.1 billion
cubic meters of water, 168 irrigation stations, 6435 km of open
channel and 9269 km of underground pipeline network [1].

In order to achieve this goal, we analyze the technical
parameters of the irrigation systems and equipment built in our
country; selection rules have been defined and model irrigation
systems have been selected for which engineering solutions for
construction, reconstruction and modernization have been proposed.

At present, most of the irrigation systems in Bulgaria are
managed by the State Trading Company "Irrigation Systems" SSC,
which has the task of maintaining and exploiting the state water and
melioration fund for the capture, storage, distribution and sale of
irrigation water agricultural crops.

2. Methods of study

A small part of the total area (39 289 ha) is served by 106
irrigation associations, which manage an irrigable area of 30 073 ha.

The research is done in two aspects: analytical and experimental.
The main research methods used are:

According to data from "Irrigation Systems" SSC and from
studies conducted by a team of experts at the World Bank in 2014,
the irrigated areas amount to 433 526 hectares, of which 247 300
are gravitationally supplied and the remaining are supplied by
pumps and the real water is supplied only 22 000 - 27 000 ha.

- An analytical method, on the basis of which are analyzed the
technical parameters of the irrigation systems and facilities built in
our country.
- A field survey method based on which field studies have been
conducted to study and collect data needed to analyze the state and
possible solutions for the completion, reconstruction and
modernization of model irrigation systems.

On some of the areas intended for irrigation are built drainage
networks with open channels or with underground drains, as well as
94 pumping stations for pumping drainage.

3. Results and discussion

The inefficient use of the existing irrigation infrastructure in our
country is due to the poor technical condition of the transportdistribution network; equalizers, pumping stations as well as the
internal distribution network, which is mainly made of asbestoscement pipes. Large quantities of metal fittings and equipment are
stolen from the facilities on the grid and pumping stations, closed
pipe networks are deliberately destroyed. To reduce the financial
burden of the operating company, part of the equipment of the
pumping stations, as well as a large number of steel pipes, were
handed over to scrap.

The analysis of the technical parameters of the country's
irrigation systems and facilities gives the following results:
Of the 5,441 km of main and secondary canals operated by
"Irrigation Systems" SSC, 75% of them are lined. The condition of
the cladding (concrete slabs) is poor due to the aging and frosting of
concrete, destruction due to hydrostatic pressure of the groundwater,
not keeping furies, and in some cases the cladding is missing. In the
canal network there is a significant amount of moisture-bearing
vegetation which also destroys the lining. The slopes are
overgrown, and sludge, sand, or tile pieces are deposited on the
bottom, caused by uncovered channels or damaged areas up the net.

In line with the state of the irrigation systems and facilities, the
priorities and measures formulated in the current programming
period 2014-2020 under the Rural Development Program as well as
those developed by the World Bank and endorsed by the Council of
Ministers in August 2016 "Common Strategy for Management and
Development of Hydro-melioration and Protection against Harmful
Effects of Water " gives us reason to expect the preparation,
implementation and management of investment irrigation projects

The cast-lined channel network is in better technical condition,
and the on-site cladding restricts the growth of vegetation and
prevents the erosion of the slopes. The deterioration of the integrity
of the cladding in places is due to the quality of the construction and
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the materials used, as well as to the lack of maintenance over the
years.

However, the envisaged financial resources under this measure
are extremely insufficient and it is necessary to prioritize the
projects for completion, reconstruction and technical improvement
of the irrigation systems and facilities to them. In order to select
certain irrigation systems and to prepare effective projects for them,
an analysis covering the following aspects: technical studies,
management, social, environmental and financial conditions should
be analyzed, analyzing different options and their economic
efficiency under specific conditions.
The technical studies need to be considered: location of the
irrigation system and its facilities; service; water supply, production
structure, irrigated area, way of water supply, transport network,
transport network efficiency, distribution network, distribution
network efficiency, irrigation equipment, irrigation system
efficiency.
Analyzing:

The equipment of the transport-distribution network (floodgates
and their lifting mechanisms, water dispensers, water level
regulators, etc.) are made of steel and to prevent thefts, the
employees of the exploitation company are forced to install and
dismantle them in the beginning and end of each irrigation season.
All of this leads to serious depreciation of the equipment and
destruction of the equipment to which it is mounted.
The management of water distribution in the grid is poor. To
measure the water quantity, level gauges are used. Most major
channels are manually operated by floodgates, requiring multiple
intraday adjustments to maintain the required water level.
Secondary water canals are built in such a way as to require a high
water level in the primary ones. For this reason, maintaining high
water levels in these channels is accompanied by high technological
and filtration losses.

●
The natural and climatic conditions (geography, climate,
soils, water resources).

Asbestos-cement pipes are heavily dampened and do not
withstand the design working pressure. The network does not have
stopcocks, airbrakes and others.

●
The ecological characteristics in the area of the irrigation
system, incl. general assessment of the state of the components of
the environment, ecological characteristics of the land fund,
characteristics of the landscape, etc.
●
The available production resources, incl. land resources,
production structure (cultivated crops, irrigated crops, average
yields, crops crops budget, including the income part obtained in
value terms as a result of crop yield and labor cost, seeds and
fertilizers and plant protection products, water for irrigation, fuels
and lubricants, repair and maintenance of agricultural machinery,
depreciation, taxes, fees, insurance, etc., possibility for sealing of
irrigated areas).
●
Available
experience).

Fig. 1 Concrete pipes

Of the existing 612 items. equalizers, 512 pcs. are lined. Their
main problems are related to their coatings, filtration losses and
accumulation of deposits.

service

staff

(number,

qualification,

●
The material-technical and technological base, incl.
available buildings, machinery, facilities, condition and production
capacity.

The technical condition of the pumping stations depends on the
irrigation system considered and the predominant way of feeding it.
Many of the existing pumping stations are currently being
destroyed.

●
Possible technical solutions for reconstruction,
reconstruction and modernization of the existing irrigation system
and its facilities..

Ownership of the internal distribution network, including thirdline pipelines and pipelines is not very clear and they are
unofficially maintained by "Irrigation Systems" SSC. The problems
in this network are the same as the primary and secondary channels.
As far as water distribution is concerned, water is diverted by
improvised means such as sandbags, boards, etc.

Managerial aspects need to be addressed: a survey of
beneficiaries to apply for funding, motivation of the participants in
the investment process; project manageability throughout the life
cycle; cooperation between the different institutions. The following
questions should also be answered: what are the available human
resources serving the irrigation system; is it necessary to create new
organizational forms; Are additional qualified staff and support staff
needed, etc.

The analysis of the technical parameters of irrigation systems
and facilities in our country shows an urgent need for further
construction, reconstruction and modernization of the same, as
according to a study of the World Bank experts, the necessary
capital expenditures amount to more than one billion euros [4]

The social aspects cover the study of the labor activity of the
population, the amount of income and the standard of living, taking
into account that improving the state of the irrigation systems is
aimed at increasing the income of farmers.
The financial aspects of selecting a project for the completion,
reconstruction and modernization of an irrigation system are limited
to assessing the feasibility of the project from the point of view of
the individual water user on the basis of the farm budget. The
reality of financial analysis is ensured by properly defining revenue
and cost over the lifetime of the project.
From an economic point of view, a project implementation
analysis is needed to determine its contribution to the development
of our country's overall economy, and whether this contribution is
sufficient to justify funding.

Fig. 2 Damaged pipelines
At present, the most favorable impacts are expected to be
achieved under the 2014-2020 Rural Development Program, Area
5A "Increasing Water Efficiency in Agriculture", namely: Measure
M4 " Investments in tangible assets ", Sub-measure 4.3 aimed at
supporting investments in irrigation and drainage infrastructures.

The most important indicator for determining the efficiency of
the reconstruction, reconstruction or modernization of each
irrigation system is the profit generated by them. Therefore, to
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evaluate the effectiveness of the investment project it is necessary to
use different methods, including:

The irrigation system was built in 1976. The irrigation water is
drawn from the Maritza River through a pumping station and is
pumped into an open channel leading to the Tsalapitsa pumping
station. From this pumping station, direct pumping is made up of
the areas in the land of the village. Tsalapitsa. The irrigation field is
divided into four crop rotation areas: field I - 588dka, field II - 634
dka, field III - 613 decares, field IV - 648 decares. Areas are
irrigated with pots with certain characteristics. The main and
distribution pipelines are made of ethereal diameters Ø 400 mm and
Ø 250 mm.

- Static assessment methods, which serve as a reference point in
the initial stages of the development of such projects. On the basis
of these indicators, the "pay-back period for investments" and the
"cost-effectiveness of investments"
- Dynamic evaluation methods that serve to compare revenue
and costs that are accounted for throughout the life of the project.
The alignment of revenue and expenditure over time is achieved by
comparing and discounting them. These methods refer to 'Net
Present Value'; 'Internal rate of return'; 'Ratio: Revenueexpenditure'; "Annuity method"; 'Residual Value Method';
'Investment Redemption Period'; "Discount efficiency ratio". The
criteria for evaluating and ranking projects by these methods are
given in Table 1.
Table 1: Criterion for the effectiveness of investment projects
assessed using dynamic methods
№ Dynamic
evaluation
method
1 Net
Value

Criteria for evaluating and ranking projects
Fig. 3 Scheme of Tsalapitsa irrigation field

Present Be positive. The bigger the project is
more efficient.

- Manole drainage-irrigation system (Figure 4)

2 Internal rate of The higher the internal rate of return on the
return
profitability of alternative investments, the
more efficient the project
3

Accounting rate
of return

This irrigation system was built in 1975. The system has a
bilateral effect and has been designed to grow rice crops. The
irrigation and drainage grids are made of exposed concrete channels
lying on a sandy pad and lined with stone lining.

Be larger than one

4 Annuited
method

The higher the annuity value, the more
effective the project is

5 Residual
method

value The project with the highest net value is the
most effective

6 Payback period

Its value does not exceed the economic life of
the project

7 Profitability
index

Be larger than one

For the needs of the choice between the individual investment
projects, the estimates of the various indicators of their financial
analyzes can be used.
Fig. 4 Manole drainage-irrigation system.

It should be kept in mind that projects must be comparable to
each other, which means that their characteristics have to be
calculated at the same discount rate and the same investment and
reporting period of investment income to be used a methodology for
determining revenue from irrigated agriculture. The latter condition
is very important because the cultivation of agricultural crops and
the effect of their irrigation are different in the different regions of
the country.

- Irrigation system "Topolnitsa"
The irrigation system was built in early 1977 to grow orchards,
cultural pastures and mixed crop rotation. The irrigation system
consists of commercial canals, secondary water pipes, group
channels, irrigation grooves, shaft exits, air shaft shafts and shaft
end air hydrant. There is also a drainage network of drainage and
water collection channels. The irrigation and drainage channels are
made of ready-lined concrete slabs. Shaft exhausts and shaft end-air
hydrants are made of a finished 100 cm concrete tube and a
reinforced concrete cover. At the bottom of the shafts is an eternit
tube fitted with an airspeed.

The effective application of the above evaluation procedure
implies precise and clear criteria for ranking and investing in
individual projects.
From the analysis of the technical parameters of the irrigation
systems and facilities built in our country, as well as on the basis of
the developed methodological guidelines for the prioritization of
irrigation systems for reconstruction, reconstruction and
modernization, different modeling and designing irrigation systems
have been selected. number:

The main source of water is the Topolnitsa dam, from which the
main irrigation channel "Lisichevo - Sandstone" supplies water to
the irrigation system. The secondary water source is the Saedinenie
dam, which serves to support the water resources when needed.
For the selected model irrigation systems, an information
database has been collected and analyzed. location, agroklimatic
zone, climatic conditions, available water sources and capacity of
the water sources, way of water supply, transport channel network

-

Irrigation system on the territory of the village of Tsalapitsa
(Figure 3)
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(type, lengths, cross profiles, slopes, technical condition);
distribution network (types, lengths, cross profiles, slopes, piping
diameters, technical condition), network facilities and technical
condition of the facilities, availability of irrigation equipment,
cultivated crops, level of underground waters in the region, etc.,
based on which can be considered different engineering solutions.

4. Conclusion
Analysis of the technical parameters of irrigation systems and
facilities in our country shows an urgent need for construction,
reconstruction and modernization of the same. The financial
resources provided for these activities are not sufficient and this
necessitates the prioritization of individual projects.

Studies show that all three model irrigation systems have been
built over 40 years ago, with the technology of implementation, the
materials used and the structural elements for their construction
being technically and morally obsolete. The age of irrigation
systems and facilities has greatly influenced their efficiency, their
efficiency, and water losses in different parts of the system. The
eternity and concrete pipes of which the meshes are made are of low
technical performance and a high degree of filtration which leads to
large water losses. The coating of open channels is for the most part
highly compromised. There is no maintenance of channel and
operating bays. In all three irrigation systems there is a lack of basic
maintenance personnel.

The proposed methodical guidelines for ranking and
financing of individual projects as well as the proposed engineering
solutions for the construction, reconstruction and modernization of
model irrigation systems will help beneficiaries when applying for
funding under the Rural Development Program 2014-2020 , submeasure M4.3 "Support for investment in infrastructure related to
the development, modernization or adaptation of agriculture and
forestry".
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1.

Введение

2.

Предпосылки и средства для решения проблемы

Основой
разработки
методологии
природоподобного
управления являются всеобщие принципы и их логическое
следствие – трансдисциплинарный подход. Отдельные
базовые элементы теории и методологии природоподобного
управления могут быть почерпнуты в трудах русских
философов - космистов, а также таких современных ученых
как П.Г. Кузнецов, М.М. Ковальчук, Э.М. Сороко, Хиценко
В.Е., В.В. Фуфаев, Б.И. Кудрин, И.В. Прангишвили, Б.М.
Попов, А.И. Иванус и др.

Академик Н.Н. Моисеев отмечал, что методология, принятая
в естественных науках, только теперь начинает проникать в
науку об обществе, система моделей еще очень бедна и не
представляет собой такого хорошо организованного здания,
которое сумела за триста лет построить физика.
В условиях постоянных угроз возникновения кризисных
явлений в период сингулярности актуализируется тема
инициации новых методологий, нового мировоззрения
минимизирующего диссонанс
интересов Природы и
техносферы или переход к природоподобному управлению.

Однако, Б.М. Попов отмечает, что «современная , оторванная
от природы официальная наука не способна на проведение
исследований,
нацеленных
на
создание
чего-либо
природоподобного - идентичного
естественному . Еѐ
результаты
выглядят очень искусственно, как
всѐ
составленное из неэквивалентных частей, а значит, которые
не могут быть
положены в основу
создания
последовательных трансформационных линий, свойственных
природным процессам. Ориентированную на это науку ещѐ
предстоит в срочном порядке создавать. Да и человечество
еще не готово к переходу на природоподобные технологи.
Его тоже нужно интенсифицировать [2].

Тема природоподобных технологий широко рассматривается
в трудах М.М. Ковальчука и представителей его школы. По
их мнению, «Причиной сложившейся кризисной ситуации
является антагонизм природы и созданной человеком
техносферы. Технический прогресс нарушил естественный
ресурсооборот — своеобразный обмен веществ природы,
создав технологии, враждебные ей. Эти технологии, будучи
вырванными из естественного природного контекста, по сути
являются плохими копиями отдельных элементов природных
процессов и базируются на узкоспециализированной модели
науки и на отраслевых технологиях». Ученые школы М.М.
Ковальчука считают, что «Смысл создания природоподобной
техносферы состоит в восстановлении естественного
самосогласованного
ресурсооборота,
нарушенного
сегодняшними технологиями, вырванными из естественного
природного контекста. Инструмент создания такой
техносферы — конвергентные нано-, био-, информационные,
когнитивные и социогуманитарные технологии (НБИКСтехнологии) [1].

Природоподобное управление должно иметь в
качестве своего инструмента ценологический подход –
подобно, как в природе существуют биоценозы, точно также
экономическим системам присущи экономические ценозы.
«Экономический ценоз − это самоорганизующееся
многовидовое сообщество организаций (особей) различных
отраслей
(популяций)
выделенного
территориальноадминистративного образования, характеризующееся связями
различной силы (сильными, средними и преимущественно
слабыми), объединенное совместным использованием
природных (экоценозы), технетических (техноценозы),
социальных (социоценозы) ресурсов и экономических ниш
спроса на продукцию, товары и услуги, с действием
внутривидового и межвидового отбора» . [З, с. 4].

Однако, и процессы
управления носят зачастую
волюнтаристский характер и не являются оптимальными с
точки зрения обеспечения естественного ресурсооборота.
Поэтому, на наш взгляд, следует поднимать тему
природоподобного управления, а именно управления
основанного
на
приниципах
самоорганизации
и
самогармонизации, которые только имеют место в
естественных системах, т.е. в Природе.

Природоподобное
управление
предполагает
обеспечение управленческого воздействия с целью контроля
структурно-функциональной
устойчивости
и
пропорционального развития на основе задания параметров
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гармоничности, самоорганизации и самогармонизации.
."Структурная
гармонизация
сложного
целого,
осуществляемая самоорганизационно и потому принимающая
форму самоорганизации, непосредственно связана с его
перестройкой - перераспределением весов структурных
элементов, субъединиц, подразделений, их относительных
вкладов, значимостей, ролей, функциональных обязанностей,
позиций, внутриобретенных организационных статусов и т.п.
Для проведения таких преобразований и сохранения вновь
обретаемого состояния - поддержания стационарного режима
самовоспроизводства
интегрального
качества
целого
необходимы дополнительный приток ресурса, материальных
затрат интенсификация энергообмена."[5, с.30]. «При
выработке управленческой стратегии или корректировочной
установки, когда объектом управления или коррекции
выступает сложная самоорганизующаяся система, важно
различать, что должно быть изменено, преобразовано
(вариации), а что должно оставаться неизменным, не
подлежать преобразованиям, уточняться, усиливаться
(инварианты). [6, с.5 ]. …Инвариантный аспект любой
системы – ее структура, которая всегда имеет определенный
уровень разнообразия. Посредством его гармонизации
система получает неравновесное состояние, необходимое для
эффективной своей жизнедеятельности. Тем самым она
обретает оптимальный режим существования, отличающийся
функциональным качеством. …Обобщенные золотые сечения
суть инварианты, на основе и посредством которых в
процессе самоорганизации естественные системы обретают
гармоничное строение, стационарный режим существования,
структурно-функциональную... устойчивость» .[5, с.132].

3.

- сбалансированного распределения доходов между
регионами;
- гармоничного соотношение внешнего долга к ВВП;
- гармоничного соотношение государственной и
частной собственности, расширенного воспроизводства
государственной
собственности
и
увеличения
государственных расходов;
- пропорциональное соотношение сфер и секторов
экономики на основе использования принципов
вертикальной интеграции и проектирования создания
цепочек добавленной стоимости, возвращения к
балансовым
методам
планирования
с
учетом
гармоничных пропорций;
обеспечение
пропорционального
экспортно-импортных операций;

- минимизация сырьевого экспорта и обеспечение
приоритетности
экспорта
товаров
с
высокой
добавленной стоимостью.
Методика анализа закономерности для различных
бизнес-форм применительно к экономическим ценозам была
разработана проф. В.В. Фуфаевым Сущность методики
можно представить следующим образом:
1. Составляется перечень всех видов деятельности по
выборке организаций выделенного экономического ценоза.
2. По списку производится пересчет организаций, у которых
одинаковый
основной
вид
деятельности.
3. Виды деятельности, представленные в данной выборке
одинаковым количеством организаций, объединяются в
касты.
4. Касты располагаются в порядке уменьшения в них числа
видов деятельности, в результате чего и получается
распределение видов деятельности по повторяемости .[1,
с.10].
Для диагностики состояния экономических ценозов в системе
природоподобного управления(а также других видов
формирований) на предмет «норма-патология» следует
использовать Н-распределения Б.И. Кудрина .[7, с.97].

Решение рассматриваемой проблемы

Индикатором,
подтверждающим
неэффективность
существующей системы управления является наличие и
рост уровня теневой экономики, как комплекса разных
видов экономической деятельности, осуществляемой вне
рамок законодательного окружения, что обусловливает
как ассиметричность в экономическом развитии, так и
глубокие нарушения в экономике с точки зрения
обеспечения целостности, операциональной замкнутости
и целенаправленности экономики как системы. По
разным оценкам, доля теневой экономики в Украине
составляет от 42, 5 до 45,4% от официального ВВП.
Основа этого явления
- ассиметричность цены
легальности и нелегальности пользования рыночным
механизмом, которая реализуется через механизм
трансакционных расходов.

Диагностику «нормы – патологии» можно
проводить и с использованием рекуррентного ряда золотых
сечений – узлы меры, характеризуют норму и антиузлы –
характеризуют патологию.

- минимизация ассиметричности также обусловлена
законом структурно-функциональной гармонии систем
с аттракторами реккурентного ряда золотых сечений и
может быть достигнута при:

4.

ставок

и

Результаты и дискуссия

Составляющие методологии природоподобного
управления экономической системой можно представить в
виде следующего алгоритма:

- сбалансировании и гармонизации соотношения
государственного и частного капитала в экономике;
- гармонизация налоговых
налогообложения в целом;

соотношения

1.
Оценка статуса экономической системы.
2.
Оценка
структурно-функционального
состояния системы.
3.
Анализ экономического ценоза и оценка
уровня вертикальной интегрированности бизнеса в разрезе
отраслей и секторов экономики;

системы
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4.

Оценка доли добавленной стоимости в
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Современная управленческая наука не исследует
существующие в Природе устойчивые системы в качестве
возможных моделей проектирования самоорганизующихся и
самогармонизирующихся микро и микро экономических
систем.
В условиях сингулярной вертикали прогноза и
подтверждающей его реальности возникновения кризисных
явлений такое игнорирование неоправданно и расточительно.
Переход на использование природоподобных
технологий требует разработки теории и методологии
природоподобного управления с целью достижения
«предустановленной гармонии» по Г.В. Лейбницу.
Обобщенные числа Фибоначчи и обобщенные золотые
сечения и их соотношения это основа всех структур природы
и основа проектирования всех искусственных систем. В этом
заключается одно из главных направлений формирования
нового мировоззренческо-методологического уклада.
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EVAPOTRANSPIRATION AND BIOPHYSICAL COEFFICIENTS OF RASPBERRIES
GROWN IN DRIP IRRIGATION
R. Kireva, M. Mihov
Institute of Soil Science, Agrotechnologies and Plant Protection ”N. Pushkarov”, Sofia
Email:r.kireva@abv.bg
Abstract: In order to establish the aggregate and average daily values of raspberry evapotranspiration in an experimental site in the village
of Chelopechene - Sofia, drip irrigation studies were carried out on a replanting variety "Liulin" under different irrigation regimes - from
full satisfaction of the daily needs of the culture from water to irrigation with 20% and 40% irrigation norms. The meteorological conditions
during the study period showed an influence on the sum of the sum and day-to-day values of the culture evapotranspiration.
On average, during the research period, the total evapotranspiration rate for the raspberry vegetation period is 4730 m3 / ha, with the main
part being formed by the irrigation rate - 60% and by rainfall - 40%
For the needs of practice and design, the ten-day values of the biophysical coefficients Z and Kp were calculated over a five-year period.
KEYWORDS: EVAPOTRANSPIRATION, BIOPHYSICAL COEFFICIENTS, RASPBERRIES, IRRIGATION RATE, DRIP IRRIGATION

The necessity of irrigation to maintain optimal soil moisture in
the active soil layer is mainly determined by the quantity and
distribution of rainfall during the vegetation period of the culture
and the evapotranspiration. Evapotranspiration of any agricultural
crop is a major cost element in the water balance of the active soil
layer and is one of the main factors determining the parameters of
the irrigation regime. For raspberries variety " Lyulin " cultivated in
plains in the region of Plovdiv (Kornov, 2014), it varies from 480 to
698 mm, and for Newburg variety grown in the region of
Kostinbrod - from 600-660 mm (Ivanov Al., 1980)
Drip irrigation is widely used to irrigate berry crops because of
the ability to effectively control irrigation processes, irrigated
planting and even the individual plant (Bucks, 1982) (Kireva, R., V.
Petrova, 2014). fully meeting the requirements for sustainable
agriculture and organic fruit production, ensures high yields, quality
of production and reduces unwanted side effects. (Branson et al.,
1981), (Kireva, R., V. Petrova, 2014)

which was processed by the weight-thermostatic method. Based on
the data on soil moisture dynamics during the vegetation period, the
irrigation water and the precipitated precipitations using the water
balance method, ten day evapotranspiration (ET) of the raspberry
was established and for the vegetation period in total. The
calculation of the biophysical coefficients z and kb (Delibaltov,
Hristov, Tsonev, 1969) and (Blanney, Criddle, 1962) was made to
determine the evapotranspiration theoretically. The limit values of
the individual elements of the raspberry irrigation regime have been
established experimentally.
Results and discussions
Meteorological conditions of the experiments
The instability of the meteorological factor - rainfall determines the irrigation as a major event of the agro-technical
complex, with a significant contribution to the obtaining of high and
sustainable yields from the cultivated crops.
Regarding the amount and the distribution of rainfall during the
vegetative season April to September, the conditions in the
individual years are characterized by variety and presence of
extremes. According to the provision of rainfall, determined in a 50
year series (1956-2005) (Table 1 and Fig.1, three of the years 2001, 2002 and 2005 are wet, one - 2003 - average and one - 2004 very dry. Droughts lasting more than ten days are observed
throughout the years of the surveyed period.
The sum of precipitation in 2001, which is characterized as
moderately humid, in April - September period it was close to the
average for the 50-year period - 358 mm, and in July - August it
was 75 mm (Table 1). The dry season (2004) is the sum of rainfall
for the April-September period is 258 mm, which is 30% less than
the average to the multiannual values, and in July and August the
rainfall was 73 mm, almost the same as in the averagely humid year
(2001). These rainfall was insufficient for the development of
raspberries, which also predetermined a larger number of
irrigations. The annual sum of precipitation in 2002 , characterized
as very humid, with a 15.3% guarantee, due to the unusual rainfall
in July, August and September, and the wettest year with 1.4% the
provision of rainfall factor during both sub periods is 2005, which
differs from the others in the series with extremely high rainfall for
the period April - September 765 mm, which are 1.7 to 5.7 times
higher than the average for a 104 year series.
The temperature sums, both for the April-September potential and
the July-August period, show that without exception the years are
warm (Table 1 and Fig. 2).

The purpose of the study is to determine the values of the
evapotranspiration and the biophysical coefficients of raspberries
cultivated in drip irrigation in the Sofia field.
Materials and method
In order to establish the evapotranspiration of Raspberry from the
“Lyulin” variety, an experiment was conducted in the test field in
Chelopechene, Sofia. The soil is leached leptosols, slightly sandy
loam in the ploughing layer, formed on the base of an old deluvial
cone of sediment materials. It is poorly stocked with nitrogen, on
average with phosphorus and well stocked with potassium. On
average, for the layer 0 - 60 cm, the soil has the following waterphysical properties: WHC = 22.1%, humidity till wilting rate 12.3% to the weight of absolute dry soil, bulk weight with WHC 1.47 g / cm3. For the soil layer 0 - 100 cm, the same indicators have
the following values: WHC - 21.8%, frosting humidity - 12.3% and
bulk density - 1.50 cm3.
Plants are planted in a scheme: row length 53 m, row spacing 2.20
m and plant spacing 0.50 m
The following irrigation options have been tested:
1. Option without irrigation;
2. Option irrigation with 100% irrigation rate;
3. Irrigation option with 80% irrigation rate;
4. Irrigation option with 60% irrigation rate;
The size of the irrigated rate is calculated using the formula
(Frecman and Garzoli, 1980). To monitor the soil moisture change,
sample 2 (100% i.r.) at a depth of 0-60 cm over 10 cm was sampled,

Periods
Years
м. ІV – ІХ
Аaverage multi-annual
м. VІІ – VІІІ
Аverage multi-annual

Table 1 Rainfall during raspberries vegetation period (2001– 2005 years.)
Total rainfall, mm
Rainfall factor security, %
2001
2002
2003
2004
2005
2001
2002
2003
2004
358
418
329
258
765
37,1
17,3
59
94,6
365
365
365
365
365
75
158
104
73
400
76,8
9,3
47
74,8
110
110
110
110
110
-
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2005
1,4
1,4
-

а)

б)

Fig. 1 Coverage curves for the fifty-year series (1956-2005) for the periods: (a) April to September; b) July-August
а)

б)

Fig. 2. Coverage of the temperature sums for the fifty-year series (1956-2005) for the periods: a) April-September; b) July-August
irrigation norm of 2880 m3 / ha were submitted, with the highest
number of irrigation being carried out during the dry year 2004, at
least during the wet 2005 -8 pieces.
Highest values evapotranspiration reached 5260 m3 / ha in dry
2004 and in the remaining years it ranged from 4360 to 4850 m3 /
ha (Table 3). On average, during the research period, the total
evapotranspiration rate for the raspberry vegetation period is 4730
m3 / ha, with the main part being formed by the irrigation rate 60% and the rest of the rainfall - 40% (Table 3). Percentage
participation of ET forming elements varies between years and is
dependent on meteorological factors (rainfall). The largest share in
the formation of ET is the irrigation rate in 2004 (dry), its
percentage contribution to 75% and the remaining 25% are
precipitations, and in 2005 (wet), the percentage contribution of
fallen rainfall in the vegetation of raspberries reaches 68%.

The need for irrigation of raspberries to maintain optimal soil
moisture in the 0-60 cm layer is mainly due to the amount and
distribution of rainfall during the vegetation period of the crop. The
irrigation norms are implemented for the period from the beginning
of May to the end of September. Inter irrigation periods during the
vegetation of the crop are different and depend on the quantity and
distribution of precipitation, as well as the phases of the
development of the culture. It has been established that the
requirements of raspberries for soil moisture are higher in the
periods of flowering, ripening and harvesting of the fruits where the
highest number of irrigations have been realized (Table 2), and
therefore the moisture in the soil during this period is it is necessary
to maintain 80-85% of WHC in the 0-60 cm layer.
On average, during the vegetative period of the raspberry, 16
irrigations with an average irrigation rate of 180 m3 / ha and an

1.
2.

Table 2 Number of irrigation rates in the rape season at 100% irrigation rate averaged over the survey period
Development phases
Number irrigation rates
Irrigation periods
Strong growth
1
3-та decade мay
2-ра decade June
Flowering
2-3
3-ра decade June
2-ра decade July
3. Ripening and harvesting of fruits
10-11
3-ра decade July, August, September
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Table 3 Total amount of evapotranspiration and forming elements of raspberries
Total amount of
Forming elements of evapotranspiration
evapotranspiration,m3/hа

Years

Irrigation rate,%

Rainfall, %

2001

4650

66

34

2002

4360

60

40

2003

4850

68

32

2004

5260

75

25

2005

4550

32

68

4550

61

39

Average 2001-2005

It is of great importance to determine not only the
wateruse throughout the growing season, but also the one during the
different periods of raspberry development expressed in its average
daily round.
On
average,
experimental
years
with
evapotranspiration values range from 0.9 to 6.3 mm per day with
two minimums - at the beginning and end of the vegetation and a
maximum - in July and August, reaching 5.8 - 6.3 mm , (Table 4).
In the initial phase of culture development, the average
daily values of the evapotranspiration are lower, due to the smaller
size of the plants, which consume small amounts of water and the
low stress of the meteorological factors (low sunlight, low soil
temperatures and open air) . Optimizing soil moisture increases the
water consumption of raspberries, the degree of growth depends on
the climate and the number of water courses.
With raspberries entering the intensive growth phase,
starting in the second ten-month period of June, a more intense
increase in ET was observed, reaching an average of 4.3 mm during
the month of the survey. The maximum values of the average daily
values of the evapotranspiration are related to the ripening period,
the fruit harvest, which coincides with the period of the highest
tension of the meteorological factors. This period covers July,
August. The maximum ET is in the first ten days of August - 6.3
mm. At the end of the rape vegetation with decreasing the pressure
of the meteorological factors, the medium-density ET decreases and
in the first and second decade of September it reaches -2,4-3,1 mm
(Table 4).

The values of day-to-day evapotranspiration in option 2
(100% irrigation rate) vary from 0.8 to 6.8 mm in the different
years, the highest being in the dry 2004. The course of its variations
during the vegetation period follows the development of culture and
changes in meteorological factors. (Table 4).
For the needs of the meliorative practice it is necessary to
calculate the evapotranspiration by methods requiring
experimentally determined biophysical coefficients. They reflect the
specifics of water consumption depending on the biological
requirements of the culture, the stage of development, the
manifestations of the meteorological factors.
The calculated ten-day values of the biophysical
coefficients based on the experimental definition of the
evapotranspiration and the daily sums of the average daily air
temperature (for the coefficient Z calculated by the formula
Delebaltov, Hristov, Tsonev) and the air temperature and the daily
hours for every ten days in% during the year. (for the Kb coefficient
according to the Blanney, Criddle formula) are presented in (Table
5). Changes in the values of these coefficients follow changes in the
evapotranspiration during the growing period of the culture. The set
values of the biophysical coefficients represent an objective basis
for determining the design irrigation regime and predicting the
irrigation time of the crop.
The values of the biophysical coefficient Z of the culture
range from 0.06 to 0.29 and the Kb factor from 0.18 to 1.09 on
average over the study period.

Table 4. Medium-day Evapotranspiration of rraspberries
Evapotranspiration, mm
Months
Май
June

July

August

September
Total

Ten days
ІІІ
І
ІІ
ІІІ
І
ІІ
ІІІ
І
ІІ
ІІІ
І

2001
0,8
1,33
2,22
3,25
4,07
4,95
6,02
6,48
6,35
4,54
3,20

2002
0,8
1,0
1,5
3,05
4,03
5,08
6,13
6,30
5,10
4,00
3,05

2003
0,8
2,88
3,15
3,74
4,32
5,07
5,95
6,40
5,90
4,15
2,92

2004
1,2
3,14
3,52
4,08
4,72
5,44
6,28
6,80
6,25
4,38
3,10

2005
0,8
1,39
2,22
3,24
4,30
5,38
5,24
5,47
5,50
4,81
3,48

Average
0,9
1,95
2,52
3,48
4,29
5,19
5,92
6,26
5,82
4,38
3,15

II

2,13

2,67

2,01

2,49

2,57

2,37

3,8

3,6

4,0

4,3

3,7

3,8
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Table 5. Values of biophysical coefficients z and kb during the growing season
Months

Ten
days

2001

2002

2003

2004

2005

Average

May
June

ІІІ
І
ІІ

Z
0,05
0,08
0,12

Kб
0,16
0,26
0,39

Z
0,05
0,06
0,08

Kб
0,16
0,18
0,26

Z
0,06
0,14
0,15

Kб
0,18
0,49
0,51

Z
0,07
0,18
0,17

Kб
0,23
0,58
0,58

Z
0,05
0,09
0,11

Kб
0,15
0,26
0,38

Z
0,06
0,11
0,13

Kб
0,18
0,35
0,42

July

ІІІ
І
ІІ

0,17
0,20
0,21

0,56
0,68
0,78

0,14
0,17
0,21

0,49
0,62
0,79

0,18
0,20
0,25

0,63
0,71
0,87

0,21
0,19
0,27

0,70
0,70
0,93

0,14
0,21
0,25

0,64
0,73
0,89

0,17
0,19
0,24

0,60
0,69
0,85

ІІІ

0,29

1,03

0,29

1,05

0,24

0,92

0,28

1,04

0,22

0,84

0,26

0,98

І
ІІ
ІІІ
І

0,26
0,31
0,24
0,19

1,03
1,15
0,93
0,70

0,29
0,29
0,21
0,17

1,08
1,01
0,78
0,65

0,30
0,25
0,18
0,18

1,12
1,0
0,75
0,65

0,33
0,29
0,21
0,16

1,21
1,12
0,82
0,64

0,28
0,26
0,23
0,18

1,0
1,0
0,9
0,7

0,29
0,28
0,21
0,18

1,09
1,06
0,84
0,67

ІІ

0,13

0,48

0,22

0,69

0,14

0,48

0,13

0,53

0,14

0,55

0,15

0,55

0,19

0,48

0,22

0,79

0,21

0,74

0,21

0,76

0,18

0,67

0,19

0,69

August

Septembe
r
Total

2.Иванов, Ал., (1998), Изследвания върху напояване на
ягодата, малината и касиса чрез капкуване, Хабилитационен
труд, Костинброд.стр 51-60.
3.Корнов., Г. Отглеждане на ремонтантния сорт „Люлин”
(Rubus idaeus) в равнини услови, Дисертация, 2014, стр.12
4..Кирева, Р., В. Петрова, 2014. Поливен режим и
продуктивност на водата за напояване на малини при капково
напояване, Сборник доклади от Научна конференция с
международно участие стр. 275-283. ISBN 978-954-332-114-8.
5.Кирева, Р., В. Петрова, 2014. Микронапояване на малини за
района на Софийското поле. Научни трудове, Юбилейна
научна конференция с международно участие Том 5, Научни
трудове на СУБ, стр. 458-464, ISSN 1314-3425.
6.Blanney, H. and W. Criddle – Technical bulletin 1275,
Agricultural Research Service, USA Department of Agriculture,
W., 1962 , рр.78
7.Branson,R.L,Schulbach,R.S.Rauchkolb
and
J.M.
Rible,1981.Aplication of chemicals through drip systems.In:
Fereres,E,Drip Irrigation Management, Dif of Agrik.Sci.,Univ. of
California, рр 201
8.Bucks.D.A., F.SNakayman and A.W. Warrick,1982.
Princiols,practices, and potentialities of trickale (drip) irrigation.
In:Hillel,D., Advances in Irrigation 1:219-298
9.Frecman, B., Carzoli, 1980, Localized Irrigation FAO, Irrigation
and Drainage Paper, №36

Conclusions
1. The total amount of crop's evapotranspiration has been
established, which varies between years and is dependent on
weather conditions, with the highest values reaching 5260 m3 / h
during the 2004 dry season, and in the remaining years ranging
from 4360 to 4850 m3 / h
2. The total evapotranspiration rate for the raspberry vegetation
period is determined - 4730 m3 / ha. 60% are formed by the
irrigation rate and the remaining 40% are precipitated.
3. It has been reported that day-to-day evapotranspiration
ranges from 0.9 to 6.3 mm with two minima, at the beginning and
end of vegetation, and a maximum in July and August, which
reaches 5.8 - 6.3 mm
4. For the needs of the practice and the design, the ten-day
values of the biophysical coefficients Z and Kp were calculated for
a five-year period and the average for that period.
5. An analysis of meteorological factors has been made during
the years of experimentation and their effect on the size of the
raspberry transplantation.
References:
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TEN THINGS WE NEED TO KNOW ABOUT THE ISRAELI-PALESTINIAN
CONFLICT
Maciej Huczko PhD
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Abstract: The Middle East is a geographical region which can be defined in more than one way. Depending on various factors such as
security, politics, or economy, the Middle East might stretch from Morocco to Pakistan (the Greater Middle East, coined in the early 2000s)
or, according to a more traditional, Orientalist definition, from Egypt to Iran. The definitions also vary as to which countries on the African
continent should be interpolated into the Middle Eastern region. While the geographical range of the Middle East is disputable, one criteria
of the definition is unchallenged, and this is the lack of stability of the region. At the epicenter of this instability is the Israeli-Palestinian
conflict. When Israel was established as a new state in the region in 1948, there was a broader Israeli-Arab conflict. And, while the IsraeliPalestinian conflict applies to merely 20.000 km2,, in its specificity, it radiates onto the whole region – once a local conflict, then a regional
one, and eventually gaining a global inflammation rank (Bojko, 2006). It is also at the heart of the followers of Islam (the religion with the
second biggest population) and draws attention of policymakers globally, who for the last seven decades, have failed to find a solution to the
conflict.
The Israeli-Palestinian conflict, because of the magnitude of issues involved, is often not fully comprehended but it still evokes stark,
polarized opinions. The intricacies of the conflict have their direct root in the previous century, but both sides of the conflict, in reinforcing
their rights, go back not decades but centuries. The conflict itself has been also used by third parties e.g. during the Cold War, or as the
pretext for carrying out the attacks on 9/11. The Israeli-Palestinian conflict is complex, it affects many people, not just locally but also
globally. Therefore, explaining the Israeli-Palestinian conflict through ten basic criteria will allow us to understand the complexity of the
conflict and to formulate our own opinions and positions on this difficult subject.
KEY WORDS: MIDDLE EAST, ISRAEL, PALESTINE, THE USA, THE MIDDLE EAST CONFLICT.
emotionally crippled, many generations of Palestinians have
become hopeless and perceive the Israelis as omnipotent occupants.
Land and identity issues overlap in the city of Jerusalem, creating a
milestone of the conflict. Jerusalem, one of the oldest cities in the
world, in considered a holy city for the three major Abrahamic
religions: Judaism, Christianity, and Islam. And while it should be
celebrated universally, today it remains a core issue of the IsraeliPalestinian conflict. The uniqueness of Jerusalem will be covered
and explained in more depth in subsequent sections of the text. For
now, it must be emphasized, that a share Jerusalem then divide
approach taken by both Israel and Palestine is an approach that is
most welcomed and appreciated by third parties, the UN included.
Yet, today, the city is under Israeli rule, which does grant access to
members of all religions to their holy sites. While this Israeli stance
is awaited, in practice, according to an EU report (EU Heads of
Mission Report on East Jerusalem, 2009), Israel acts with
accordance to facts on the ground policy – building new
settlements, the demolition of Palestine housing, the closure of
Palestinian institutions, and, among others, restricting permit
regime. Israel’s Jerusalem policy makes the city an exemplification
of both the land and identity deprivation experienced by the
Palestinians.

1.
Main issues in dispute
Since the establishment of Israel in May, 1948, its citizens have
been at war with either one or more Arab neighbors at the same
time. Progressively, with extended assistance of third parties such
as the USA, Israel has been able to establish positive relations with
most of the Arab countries with which it shares borders, starting
with Egypt in 1978. Israel failed to establish such a relationship
with the Palestinians. From their perspective, the Palestinians had
already been stripped of their land and deprived of their selfdetermination over the course of many events and over many years.
Today, and for most of the previous decades, the Israeli-Palestinian
conflict is centered around two interrelated core issues: identity and
land (Khouri, 2014). Identity and land are inseparable in this
context, and equally vital in different ways.
The basic definition of a state stresses occupation of a territory that
is sovereign. Therefore, land, and possession of land is crucial for
both sides of the conflict. Palestinians accuse international
organizations of establishing the State of Israel on their land, and as
the map below shows (Ileri, 2011), Israel of continuously building
settlements on their land. While growing Israeli settlements are of
big concern to the Palestinians, most land losses took place as a
result of the wars between Israel and its Arab neighbors, which will
be further explained in the following sections.

2.
Tracing the history
The argument of historical facts is used by both sides of the conflict
to claim their rights to the disputed land. The Middle East,
historically, has been an unstable region that experienced many
wars, conquests, and also mass migration as a consequence.
Therefore, both Palestinians and Jews can trace their roots in the
region, argue their presence in the region and, sadly, effectively use
these arguments as propaganda.
A factual reconstruction of the Jewish origin is challenging and
complex since it requires multidisciplinary studies covering more
than 3000 years of human history. And while the origin of the Jews
is strictly connected to the Middle East, commonly an identity
argument reinforces the land one, arguments used in this debate
quote records found in the Bible. This Bible narrative incorporates
names like Abraham, Isaac, Jacob, Moses, Joshua, and others
providing many story and events. These names of Biblical
patriarchs and events connoted to them became not only core to
Jewish religious heritage but a cultural one as well. Whereas
historians trace the presence of the Israelites back to 1200 BCE,
they largely discard this Bible rhetoric (Dever, 2001). It is without
doubt that the Kingdom of Israel and the Kingdom of Judea existed

The loss of land for the Palestinians is central to their identity issue.
Since the creation of Israel, (and as a result of wars and Israeli
settlement building), the increase in the number of Palestinian
refugees is alarming. According to the United Nations Relief and
Works Agency (UNRWA), today there are about 5 million
Palestinian refugees who are eligible to receive UNRWA services.
Denied of their identity and basic rights, living in refugee camps
scattered in the neighboring Arab countries, psychologically and
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and were later conquered by the Assyrian Empire, just like a
common ancestral Middle East origin of all Jews.
Palestinians, or the Palestinian people, are linguistically and
culturally Arab, yet they are also comprised of Jews. Palestinian
national consciousness among the Arabs is a matter of modern
history, therefore, if Palestinians are to be treated apart from the
Arabs of the region, their history is by far younger than the Jewish
one. Palestinian national identity can be traced back to the 1834
Arab Revolt, but scholars also argue that it emerged only after the
Mandatory Period, which started after WWI and was transformed
into a semi-autonomous region known as Transjordan (Rogan,
2011). As a state, Palestine came to existence together with The
Palestinian Declaration of Independence only in 1988. Yet, the term
Palestinians itself can be traced back to the 5th century BCE under a
modestly different name, the Philistines, and tracked in the Bible.
Therefore, the historical right to the land of either Israel or Palestine
is disputable among scholars, politicians, and also those interested
in the Middle Eastern conflict. For the most interested parties, that
is Palestine and Israel, it seems an irreconcilable sore point. Both
states were established in the 20th century (the State of Israel in
1948 while the State of Palestine in 1988), and both have their
ethnomy rooted in antiquity. And while reaching a consensus might
be challenging or even impossible, for the present time both will
continue to stay in the Middle East and share land.

start. Such negotiations, sponsored by the USA, were possible on
the Egypt-Israel line, but they did not pertain to the Palestinians
who were neglected in the process. For the Palestinians, the
aftermath of The Yom Kippur War has proven that both Egypt and
Syria went into the war more to regain earlier lost territories than to
help the Palestinian cause (Bojko, 2006).
The non-war events of great importance to the Middle East and the
Israeli –Palestinian conflict were the two Palestinian Intifadas
(uprisings) in 1987-1993 and 2000-2005. The two Intifadas differ in
many aspects with respect to the intensity or means employed, but
both are similar for two vital things. First, the Intifadas were
bottom-up civil movements (it is also claimed that they were
inspired by political leaders) of Palestinians who felt hopeless and
mistreated under Israeli occupation. Second, the Intifadas were a
declaration of Palestinians of the desire to have their own sovereign
state. This declaration was not only for the Israelis but also heard
globally. Both Intifadas succeeded by winning international
attention, understanding, and support. While the failure of these
uprisings was their outcome, neither intifada accomplished the
initial goal: to force Israel to negotiate the establishment of a
sovereign Palestinian state. While the State of Palestine exists, in
the legal understanding it is more of a quasi-state, without all of the
attributes of an official state.
4.
Disproportion of sides of the conflict
The prolonged character of the Israeli-Palestinian conflict can be
explained by two factors which overlap and make it challenging to
resolve. The two most important factors are the balance (or
imbalance) of hard power between the conflicted sides and also this
balance of their soft power. Where hard power can be characterized
by the military and willingness to use it; soft power, in this context,
is understood as the ability to attract other countries to one’s actions
and arguments, and also how others identify with such actions and
argumentation. Therefore, not only is military power important, but
the ability to gain international support for the usage of this power
is equally important. The Gulf War of 1990-1991 can serve as an
example of the above. While Saddam Hussein had the military
power to invade Kuwait, his action was internationally criticized
and sparked an international intervention under U.S. command,
which had both overwhelming hard power and also soft power, the
international support to free Kuwait.
Assessing the conflicted parties through such criteria results in
arriving at a disproportion in both hard and soft power as well. The
Israeli army, Israeli hard power, is among the mightiest in the
world, currently ranked 15th out of 133 countries analyzed (Global
Fire Power, 2017). The more in-depth comparative analysis of
Israel and Palestine, in a hard power context, proves overwhelming
Israeli domination since Palestine does not possess an air force, a
navy, tanks, or weapons of mass destruction (nuclear, biological,
nor chemical) and it does not possess space technology nor ballistic
missiles. In contrast, Israel is a regional power in the given
categories. To a great extent, which will be further explained in the
text, the above Israeli domination was achieved owing to generous
U.S. military aid: $2 billion annual Israeli aid versus slightly over
$160 million Palestinian aid (Comparison of Military Strength of
Israel and the Palestinians, 2009).
While overwhelming hard power in an Israeli asset allowing it to
defend itself from any attacks, including the hypothetical Iranian
one, and their readiness to use it against poorly-armed Palestinians
at any occasion, increases Israeli security but has a significant
impact on Israeli soft power. Thanks to its hard power, Israel is
capable of imposing facts on the ground solutions on the
Palestinians, mostly in reference to new settlement building on
occupied territories. Such actions are perceived by international
general public opinion as illegal and inhumane. Therefore, Israel
does not enjoy this international support and Israeli soft power,
because of their overusing of their hard power, is suffering. In
contrast, Palestinians are often seen as victims because of their lack
of hard power and their inability to defy Israel. Since their actions
are perceived as a struggle to maintain their households and land,
they enjoy increasing international moral support. The majority of

3.
Milestones of the Israeli-Palestinian conflict
The very first milestone of the conflict was the event establishing
the State of Israel in the Middle East (Israel declared independence
on 14th May, 1948) as a consequence of UN Resolution 18, Partition
Plan for Palestine of the former British Mandate. The resolution
recommended the creation of independent Arab and Jewish States
with special regulation concerning Jerusalem, which was to be
under special international regulation, as to avoid a conflict over the
future of the city which was of great importance to both sides. The
day after Israel declared independence, in an attempt to prevent the
establishment of an Israeli state, four Arab countries (Egypt,
Transjordan, Syria, and Iraq) launched The Arab-Israeli War of
1948. Despite the official goal of the invasion which was to restore
law and order and to prevent further bloodshed, the aim declared at
the battlefield level was to drive the Jews into the sea. The new
born State of Israel proved itself against the Arab armies, winning
control over the Participant Plan Israeli territory and enlarging it
further by 60% of the land proposed to the Palestinian Arabs, the
rest was annexed by Egypt and Jordan. At the Jericho Conference in
late 1948, no state was created for the Palestinian Arabs.
The first Arab-Israeli war was followed years later by two others
which were just as critical in their consequences. The first came in
1967 and is known as The Six Day War and the second, known as
either The Yom Kippur War or The Ramadan War, came in 1973.
The Six Day War was possibly the most significant event
concerning Israeli–Arab relations since it reshaped the Middle
Eastern states and proved to the Arabs that Israel was strong and
determined to maintain its state. The war lasted only six days and as
a result of a preemptive Israeli strike against Egypt, Jordan, and
Syria, Israel seized the Sinai Peninsula, the Gaza Strip, East
Jerusalem, the West Bank, and the Golan Heights. These land grabs
caused massive waves of refugees and became one the vocal points
of the conflict. The Yom Kippur War, to a point, was a consequence
of The Six Day War. The Arab countries had hoped to regain
territories lost in the previous war, therefore, on the holiest day in
Judaism, they launched a coordinated, surprise attack on Israel.
After the initial shock and the Arab successes, Israel, heavily
resupplied by the USA, managed to organize its forces and stage a
counter-attack. The UN efforts resulted in a ceasefire. This war was
another humiliating blow to the Arab states, making them realize
that Israel, with US support, has become part of the Middle East.
And Israel had to recognize that that there is no guarantee that it
will always dominate its neighbors. While the immediate results of
The Yom Kippur War were visible in the number of victims,
wounded, and refugees, the long-term effects were more positive,
since both sides (on the state level) realized that negotiation must
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countries surveyed, according to the Pew Research Center, show
greater sympathy towards Palestine in the conflict (Views of the
Middle East Conflict, 2007).

6.
The United States and the conflict
Analyzing the role of the United States in the conflict is essential.
From the beginning of the conflict till today, the USA is a unique
state with unique attributes on the international scene. The United
States, unlike the majority of other states, emerged from WWII as a
strong and potent country capable of shaping events globally. It had
both the soft and the hard power. At the same time it had showed
that it was willing to use its power to secure its interests. Among its
most vital interests are ones dealing with its economy and security.
The Middle East is central to many American interests because of
its geostrategic location, its natural resources, a strategic partnership
with Israel, the proliferation of WMDs (weapons of mass
destruction), and also due to the rise of anti-Americanism and
terrorism (Sasnal, 2009).
American involvement in the region can be linked to supporting the
establishment of Israel after WWII, and their reasons for
maintaining a further presence in the Middle East have evolved over
time. The early U.S. support of Israel can be linked to pressure by
the pro-Israeli lobby in the USA but also to the new post-WWII
geopolitics. By 1948 it became clear to president Truman that the
relationship with the Soviet Union will be severe and that having a
partner (Israel) in the Middle East might prove crucial. With the
Cold War growing in intensity and also in terms of geographical
locations, the Middle East became another Cold War cutting edge.
The abundance of natural resources only amplified the importance
of the region. The peak of both American and Soviet engagement in
the region came in 1973, during the Yom Kippur War, when Israel
was strongly backed by the USA and the Arab countries by the
Soviets. Towards the end of the Cold War and the fall of the Soviet
Union, the USA was mostly focused on shaping the new world
order and the Israeli-Palestinian conflict was of secondary interest.
Palestinian backing of Hussein’s invasion of Kuwait only won
further American support for Israel and further stigmatized
Palestinian actions and goals. Israel proved to be on the lawful side
of the conflict while Palestine was associated with the aggressive
states.
This situation was magnified after 9/11 when Israel was again seen
as a country supporting anti-terrorism actions and a country targeted
by terrorists, while the Palestinians were seen as terrorists. A great
deal of this was attributed to Israeli rhetoric and also the actions of
the pro-Israeli lobby in the USA. Also, as can be seen on the Gallup
chart below, American public opinion has continually favored Israel
over Palestine (Support for Israel in U.S. at 63%, Near Record
High, 2010):

5.
Negotiating peace
Because the Israeli-Palestinian conflict is complex (and for a long
time it was part of a broader Israeli-Arab conflict, involving many
actors), negotiating a peace treaty has been historically difficult.
Because of this complexity, third party actors and non-regional
actors, have had to act as intermediaries. The country that,
historically, has had the resources and most potential to foster
Middle East peace has been the USA. There are a few factors that
make the United States possibly the most effective and potent
broker of the Middle East peace process. For a long time, the United
States had the strongest soft power which attracted other actors.
Because of a strong economy, the USA could be a sponsor of peace
deals. And also, among other reasons, it had (and still has) leverage
over Israel.
These factors proved to be effective in 1978, when president Carter
managed to build a negotiation framework that was attractive to
both Egypt and Israel, leading to the first Arab-Israeli peace treaty.
History repeated itself in 1994 when, again, U.S. president Bill
Clinton, using economic incentives, managed to secure a peace
treaty between Israel and Jordan. In the case of Israeli-Palestinian
talks however, the USA did not prove effective.
The Israeli-Palestinian talks, aimed at ending the First Intifada,
were held in Madrid in 1991. The Madrid Conference of 1991 was
an effort by the international community to revive the peace talks
between the conflicted parties. They were hosted by Spain and cosponsored by the USA and the Soviet Union. After a successful
campaign in the First Gulf War, the USA believed it had the
necessary argument to lead such talks, and the Soviet Union cosponsored the talks as a symbol of rejoining the international
community after the Cold War (the USSR collapsed later in the
same year). Both bilateral and multilateral talks were continued
after the conference itself. The impact of the Madrid talks (and the
following talks as well), were more of a symbolic significance than
having achieved specific solutions. The process itself dominated
any specific agreement or concession. In such terms the Madrid
Conference was successful (since Israel and Palestine did engage in
bilateral talks), and even led to an exchange of letters and the
subsequent signing of the Oslo I Accord, on the lawn of the White
House in 1993. Yet, no final solution to the conflict was found and
the exchanged letters did not result in further engagement of peace
talks.
The continuing and growing Palestinian frustration about their
situation resulted in the Second Intifada (2000-2005) when the
Palestinians decided to voice their disapproval of their situation on
the streets in a violent manner. The Second Intifada was much more
violent compared to the first one. In the First Intifada about 200
Israelis were killed compared to 1.100 Palestinians, while in the
Second Intifada, 1.100 Israelis and nearly 5.000 Palestinians were
killed (Vital Statistics: Total Casualties, Arab-Israeli Conflict,
2014). This was caused by different, more violent and deadly,
fighting methods employed by both sides. The starting point of the
Second Intifada can be precisely determined (the visit of the
opposition leader Ariel Sharon to Temple Mount in September
2000) but the end date is debatable. There was no clear event that
marked the end of the Second Intifada. The death of Yasser Arafat,
an iconic and charismatic Palestinian leader, marked a beginning of
a new era in the Israeli-Palestinian relations. President Mahmoud
Abbas, the new Palestinian leader, negotiated cease-fire conditions
with Ariel Sharon resulting in the Israeli withdrawal from West
bank Palestinian cities, and the releasing of Palestinian prisoners.
Abbas managed to persuade different Palestinian organizations to
commit to the truce. The final results of the Second Intifada, in
terms of a final peace agreement between the conflicted sides,
cannot be assessed as successful. While the violent fighting ended,
no final solution was found. Certain concessions were made but the
Palestinian state was not established and Israel did not guarantee
that there would be no further attacks on the Palestinian side.

7.
Pro-Israeli and pro-Palestinian lobby in the USA
Lobbying groups in the USA are common and they are present in
many fields. Lobbying might be carried out by individuals,
influential professionals who are often wealthy with a vast network
of connections, or by groups organized around a common goal.
These advocates lobby both at the state level and in Washington
D.C as well. They serve as a source for advice, expertise, and
professional insight for the decision-makers. At the same time,
critics describe lobbying as a legal form of bribery, claiming that
lobbying does not act in the best interest of the state or society but
in the interest of the group they represent. Lobbying is also common
in the case of foreign policy shaping and among the most influential
lobbying groups is the pro-Israeli lobby. The effectiveness of the
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Trump’s action was widely criticized, yet the UN will not be able to
pass a resolution condemning the USA due to their veto right
(Wojnarowicz, 2017). Yet, this decision should be assessed a great
success of Israeli Prime Minister Benjamin Netanyahu’s policy and
also the pro-Israeli lobby in Washington. Palestinians declared the
decision as disqualifying the U.S. as a future peace broker and
radical Palestinian politicians called for a third intifada. While
Trump did not exclude the creation of a Palestinian state in the
future, his decision concerning Jerusalem imparts the American
vision of the future of the conflict. A vision which is shaped by
Israel with American assistance despite the international law.

pro-Israeli lobby, in comparison to the pro-Arab/pro-Palestinian
one, is believed to be an important factor shaping the U.S. Middle
East policy.
There is a manifold of reasons explaining the dominance of the proIsraeli lobby in comparison to the pro-Arab/pro-Palestinian one in
effectively influencing the policy makers in the USA. The
immediate goal of both lobby groups is one of the reasons the proIsraeli one if more effective. While the pro-Israeli lobby group’s
only goal is to enhance American-Israeli cooperation and
supporting Israel, the pro-Arab lobby groups are more complex.
Among the pro-Arab groups there are the pro-Egyptian, pro-Turkey,
pro-Saudi, pro-Palestinian, and a few others. They each have their
own particular goal, making their voices in the USA fragmented
and diluted. The Palestinian cause is one of many they might lobby
for. The other reason why the pro-Israeli lobby is more effective is
the place of American Jews versus American Arabs in American
society. This became especially visible after 9/11. American Jews
are treated as Americans, they generate sympathy because of their
WWII experience and they (through association with Israel) fight
terrorism. While American Arabs are considered to be more
suspicious, generated no sympathy after 9/11, and are associated
with terrorism. Also American Jews hold prominent position in
American society, they are wealthy business owners,
philanthropists, and politicians, while American Arabs are
underrepresented, middle-class citizens and employees, rather than
employers. Finally, fighting terrorism is a common goal for both the
USA and Israel, therefore what the pro-Israeli lobby is lobbying for
is in America’s best interest, or is being promoted as such. Israel
also enjoys economic, military, and diplomatic support from the
USA up through today, making Israel the biggest American foreign
aid beneficiary. This American aid, as we know now, and the Israeli
reliance on the USA, hinders peace talks instead of promoting them.
Israel, thanks to U.S. support, is the strongest state in the region
with a thriving economy and does have incentives to negotiate a
final solution to its conflict with Palestine.

9.
Solutions to the Israeli-Palestinian conflict
Among the reasons for failed negotiations is one of foremost
importance, a reason which is dividing Palestinians, Israelis, and
also third parties such as states, experts, and academics. That reason
is: the goal of these negotiations, what the solution is, and what is or
should be negotiated in the first place. A ceasefire is a temporary
solution, and these have been achieved on numerous occasions, but
the shape of the ultimate solution is unclear. The two leading
alternatives are the one and two-state solutions. That is, should the
negotiations lead to forming one state for both Palestinians and
Israelis or should establishing two states be the most prospective
outcome of the talks. Both solutions have their pros and cons, with
one being the more realistic.
The two-state solution has been the one promoted for many years.
An independent Palestine and Israel as two sovereign states seems
to be the best final solution. That goal has been embraced by the
United States, the European Union, and the United Nations.
Supporters and proponents say the two-state solution would end
hostility between Israel and Palestinians and produce stability in the
chaos-prone Middle East. While this solution is rational, the biggest
counter argument is that arriving at this solution is exceedingly
difficult for several intractable disputes and issues (the crucial ones
have been presented above). Israel and Palestine are far apart on
where the borders of a new Palestinian state should be: Both claim
Jerusalem as their capital, and Israel has expanded settlements on
land that the Palestinians also say is theirs, the refugee issue and the
right to return home is conflicting both sides, and finally, there is
the future of Jerusalem. Critics or skeptics of the two–state solution
claim that it has been on the negotiation table since the very first
negotiation talk, and, while being rational with its assumptions,
doesn’t seem feasible.
The one-state solution has gained support, especially recently, amid
failures towards creating a sovereign Palestinian state. The
enthusiasts claim, that the two-state solution, by now, has proven
not to be viable and another one should be introduced. The one-state
solution calls for Israel to annex the Gaza Strip and the West Bank
and granting citizenship rights to the Palestinians. At the expertise
level, this solution is assessed negatively, idealistic, maybe
romantic, but not probable. It also does not appeal to Palestinians
and Israelis, with Palestinians wanting their own state and the
Israelis not wanting to share their land with other nations. The
world community also questions if Palestinians in the one-state
would be granted full citizen rights, especially in the situation
where they are more numerous than the Israelis, have a higher
birthrate and in the future would heavily outnumber the Israelis.
Therefore, a two-state solution, despite the difficulties to negotiate
it, should be the aim of the negotiations. For those to be successful,
it seems, that a third actor, one that is capable of sponsoring the deal
and helping it to be enforced, should be engaged. Because only the
United States can put pressure on Israel to coerce certain behaviors,
only the U.S. can be the patron of the final deal.

8.
Donald Trump and Jerusalem
As mentioned earlier, Jerusalem is one of the focal points of the
Israeli-Palestinian conflict. Jerusalem, for both Israelis and
Palestinians, exemplifies land and identity. Since the establishment
of Israel in 1948, Jerusalem was to be a city shared and cherished
by many religions, cultures, and both nations. Over time, the Israeli
presence and activity in Jerusalem has been suppressive towards the
Palestinians but just recently (2017) it attracted international
attention and caused a local disturbance. This was caused by current
American President Donald Trump’s declaration recognizing
Jerusalem as the capital of Israel and the announcement of plans to
move the U.S. embassy from Tel Aviv to Jerusalem.
The UN and the international community regard Jerusalem (East
Jerusalem, including the entire Old City, West and East Jerusalem)
as an international city, neither the territory of Israel nor the State of
Palestine. After the 1967 war, Israel extended its jurisdiction over
East Jerusalem. Since then, Israel acted according to the facts on the
ground policy with new Israeli settlements mushrooming and the
further annexation of Palestinian land. This annexing was met with
international criticism. Nevertheless, both sides of the conflict claim
Jerusalem as their capital, Palestine’s in East Jerusalem and Israel’s
in West Jerusalem, which is contradictory to the UN’s stance.
Jerusalem is home only to foreign consulates with most countries
having their embassies in Tel Aviv.
This rule was violated by Donald Trump, who on 6th December,
2017, officially recognized Jerusalem as the capital of Israel and
declared readiness to move the U.S. Embassy from Tel Aviv to
Jerusalem (this act was skillfully kept delayed by former American
presidents). This action was merely executing the 1997 Jerusalem
Embassy Act, the act that recognized Jerusalem as the capital of
Israel. But, Donald Trump also asserted, that the final IsraeliPalestinian border will be a subject of negotiation between the
sides, which at the same time confirmed American support for the
two-state solution.

10. Obstacles preventing a Israeli-Palestinian peaceful
coexistence
As presented above, the two-state solution which appears to be the
only viable choice, has been present since the very beginning of
direct Israeli-Palestinian peace talks. Yet, while the expected
outcome is agreed on, the process of arriving at it seems very
difficult, challenging and at times impossible. Therefore,
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understanding the underlying obstacles for future peace is as vital as
understanding other elements of this difficult Middle Eastern,
Israeli-Palestinian puzzle.
Depending on who is voicing their opinion, among the most
common reasons given for the failure of the peace talks are: bad
timing; artificial/unrealistic deadlines; insufficient preparation;
dishonest American brokering; little or no support from regional
states; and dishonest motivations of the leaders. Presumably,
different combinations of the above are what caused the IsraeliPalestinian negotiations to repeatedly fail. One, vital criteria should
be applied when searching for a variable that is dominant; that is the
capability and potential of each state – Israeli and Palestinian.
Palestine is a poor state, underdeveloped, with a crippled economy,
and illusionary potentials. Israel, on the other hand is a strong state,
with a thriving economy, an overwhelmingly powerful military, and
all the necessary tools to implement changes. We expect more from
the potent ones, ones who are capable of making changes. Sadly,
Israel, for its part, has consistently opted for a stalemate rather than
some sort of agreement because the deal’s cost is much higher than
the cost of making no deal (Thrall, 2017). Yet, this concession
would presumably guarantee peace and international support.
But, Israel’s stance is massively possible because of unconditional
American support: economic, military, and diplomatic. This
unconditional support is equally destructive for both Israel and the
USA (the 9/11 attacks on the USA were partially carried out as
revenge for unconditionally supporting Israel) (Mearsheimer, Walt,
2008). Building Israeli supremacy in the region (by military and
economic aid as well as diplomatic support in the UN) allows Israel
to be dominant and execute a suppressive policy towards the
Palestinians. Negotiating peace in these circumstances is difficult
for the Palestinians since the win-win equilibrium might only take
place on Israel’s terms, dominating their own state’s terms.
Simultaneously, a weaker Israel without American support would
be more willing to negotiate and find a balance acceptable for both
parties allowing them to coexist, prosper and, possibly, in the future
establish a healthy relationship.

lacking political will to make the change. And sadly no other
potential broker is emerging.
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The Israeli-Palestinian conflict is a conflict that not only
destabilizes the two states involved, the region but also has severe
consequences globally. Yet, for internal and external reasons it
seems difficult to solve or even unsolvable. Israeli need the land for
their growing population, and so do the Palestinians. The two
nations are doomed to be neighbors but are not likely to live
together. The level of mistrust and reluctance is as high now as
decades ago. At the same time the conflict itself is a greatly
appreciated asset by the politicians on both sides to use for their
particular purposes. It is doubtful that with all the decade long
burden, Israel and Palestine will be able to find peace themselves. A
trustworthy, third party broker is desperately needed, but the one
with all necessary assets at hand, the USA, who has proven to be
capable of successful brokerage (Israeli-Egypt peace) is currently
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Abstract: Every optimization problem needs its appropriate model. An administrative process is specific but it also requires
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1. Introduction

2. The Work Breakdown Structure (WBS)

Most project management software products provide
opportunities for a simulation of the development with possible
changes in the duration or resources available for a given
operation[1]. But the opportunities for process optimization, i.e. the
model size reduction is very limited and basically it provides for the
analyst to decide for himself alone on what changes to make[2].
This is why project management and the underlying modeling
approach of the dynamic programming modeling are considered
arts[3].

Work breakdown structure (WBS) or Decomposition into
elementary separately manageable units
WBS is a methodology for defining and grouping discrete
elements (tasks, activities) in such a way as to assist in the
allocation and determination of the overall scope for an activity /
process / project. i.e. this is the structural description of the
functional decomposition of a process.
An element of a structure can be a product, data, service, or
combination. The WBS is thus the basis for developing the
necessary management structure, i.e. to elaborate a model for
detailed price evaluation and quality management, together with the
possibilities for developing a work plan (schedule) and
implementation control. Additionally, WBS is a dynamic tool and
can be revised and modified according to the designer's
requirements and new changes in the process.

In the approach proposed in [4] for the reduction of the total
time the difference between the number of operations (respectively
nodes) in the critical and shortest path gives the initial conditions of
the optimization approach and the possible optimal final result,
namely how many of the initial number of operations could be
appropriately removed. The analyst alone can specify which nodes
and operations will be removed with the increase of optimization
iterations. Algorithms produce the relevant results after each
removal of the elements.

WBS is a tree and hierarchical structure that shows the
subdivision of the effort needed to achieve the ultimate goal program, project, process and contract. When talking about a
process / project, WBS begins with: the final goal and its:

The optimization approach thus implemented is semi-heuristic:
heuristics are used because of the fact that in order to actually
reduce the number of elements, real knowledge of the specifics of
the process is necessary. The optimization structure itself, in turn, is
purely technical - from the maximum to the minimum. Of course, in
this situation, the final result is, in a sense, optimal: the location and
interconnections between the elements is such that further
simplification will lead to deterioration or, in other words, the best
that can be achieved under the constraints arising from the
conditions themselves. So a theoretical and technological
engineering managerial approach to a problem is available that is
difficult to fit into the classical technical and techno-economic
processes considered by the same theory.

•

successive decomposition (with respect to subordination and
consolidation) into separate manageable components that ...
•

are grouped (or better - clustered) according their volumes,
terms and
responsibilities in systems, subsystems,
components, tasks, subtasks and work complexes,
•

including all steps in the way to achieve the final goal

WBS is the basis for the overall planning, management and
organization of workflows in determined increments from which a
technical, time, cost and resource plan can be developed. Through
this structuring it is possible to sum up the subordinate costs of
materials, time, etc. and how these fit into the same parameters in
the higher levels. A problem description is constructed for each
element. This technique is known as System Decomposition and is
used to define and build a complete organization of a given process.

On the way of research and analysis, the idea of modifying
techniques and algorithms from the graphs theory and project
management in the view of the specific task and its specificity is
reached. An interpretation of the problem and the classical
algorithms are found that combined together deliver the desired
results. Typically, for the administration closest to a theoretical
model is the block diagram of a process. Modeling is rare in
administration and it is often performed by specialists outside the
administration who are trying to explain the cause-and-effect
relationships between operations. Frequently the descriptions of the
procedures use rudimental verbal descriptions, lacking the elements
of analysis and decomposition into elementary separately
manageable components[5,6]. In this line, the proposed approach is
also interdisciplinary. In its composition, elements of the following
technical and techno-economic directions exist: system analysis,
modeling and process management, network minimization,
optimization, adaptability, robustness, operations research including
both certainty and risk and uncertainty decisions making. At the
heart of all this is a systematic and managerial approach to a
problem of a social-economic importance.

WBS is generally organized around the planned results rather
than on the basis of the work needed to be done to reach them (i.e.
the planned activities). Since the planned results are the desired
results at the end of a process, in this case - not "desirable" but
mandatory, they form a relatively constant set of parameters to help
describe the prices of all the planned activities required for reaching
the required results. A well organized WBS allows the assignment
of each specific process activity to just one and only one terminal
element that is an unit.
The WBS includes exactly 100% of the work defined by the
scope of the problem and covers all conditions (external, internal
and intermediate) in such a way that the process is completed. This
is known as "The 100% rule" for building a correct WBS. In the
present case, the State assigns to various administrative structures

87

the implementation and management of specific administrative
functions. Each of these functions is analyzed and decomposed in
order to shape the directions of the activity of each particular
administration - i.e. the set of processes that appear there.

formulated WBSs are a prerequisite for building a good model that
allows for quality and efficient management and optimization of the
process itself and the organizational structure itself.

3. Project management techniques in a determined
case scenario

The 100% rule is the most important principle in designing,
decomposing, and building of the classification structure, and
should be applied at each level of the hierarchy, with the sum of the
activities at a subordinate level being equal to exactly 100% of the
work represented by the structure. The structure should not cover
any activity beyond the scope of the process, i.e. not more than
100%.

Project managers provide with two powerful tools for process
management. In this section general idea of the Critical path method
(CPM) and the Gantt chart are given.
The CPM or the critical path analysis is a mathematical
algorithm for describing and planning a set of process activities.
This is an important tool for effective project management and thus
can be considered in social and economic processes.

In addition to the 100% rule, it is important that there is no
overlapping of the broad description of two or more elements of the
structure, as this inevitably leads to duplication/redundancy of work
or further dilution in terms of responsibilities and competence. It is
also necessary that all elements of the structure are distinctively
described and named. The vocabulary contains descent explanations
on the scope of an item, of an element name, of the structure itself.
This is also the initial stage in the work of a heterogeneous type
analyzer, namely the so-called "Alignment of concepts" that is
translating the terms between different functionaries. The structure
terminology vocabulary describes all of its elements with their preand post-conditions, deliveries, activities, scope, and sometimes dates, resources, cost, and quality metrics.

It was developed in the 1950s by DuPont Corporation almost at
the same time as the Program Evaluation and Review Technique
(PERT) was developed in the US Navy. Any project / process
involving interdependent activities/operations may be subject to this
methodology.
The primary requirement to use CPM is to build a process
model that includes the following elements:

If the decomposition attempts to cover all activity-oriented
details, the structure will contain too many or too few elements. Too
many activities will surpass the 100% rule, while too few activities
will be totally below the 100% demanded of the scope of the
process. The best way to avoid this is to change the approach to the
problem, i.e. to define the elements according to the results and not
according to the activities required to achieve them.

•

A list of all activities required to complete the process - usually
categorized in the WBS

•

Duration of each activity

•

Dependencies between the activities

By using the above three, the method calculates the critical path
from planned activities in order to complete the process along with
the earliest and latest start-up moments, respectively completion of
each activity, without affecting the time duration of the overall
process. The CPM identifies which activities are "critical" (belong
to the critical path) and which activities are "floating", i.e. their
delay over time does not lead to prolongation of the overall process.
In project management for techno-economic processes, the critical
path is the sequence of activities that forms the critical (expected)
duration of the process. Any delays in critical activity lead directly
to postponing the moment when the process ends over time, that is,
to a complete lag. A process may also have several parallel, nearcritical paths. Such an additional parallel path whose overall
duration is less than that of the critical one is called a sub-critical or
non-critical path. Sometimes the term "scenario" is used instead of
"path".

The most important question that comes with the building of
such a structure is when to stop the decomposition (Degree of detail
- the depth of decomposition), or what is the basic structural
element. In the case when administrative processes are described, a
basic element of the structure can be a document or a task. With indepth analysis and attempts to build functional structural
descriptions (i.e. block diagrams and Petri nets), it appears that the
document is by no means a basic element of the administrativemanagement process, as a task may arise from a document or as a
result of another task, and the result of a task may be another task or
document. I.e. depending on the aspect of analysis and modeling, it
may be that "document" and "task" are the two basic elements of the
classification structure, but in different situations one is subordinate
to the other and vice versa.

A main advantage of the method is that the CPM results allow
managers to prioritize activities with a regard to effective project
management and planning, and completion, trying to reduce the
critical scenario of a particular process by reducing the critical
activities. This is done through "fast tracking" that is the aim of
performing more activities in parallel rather than successively and /
or by "crash critical path" that is the aim to reduce critical activity
time by adding additional resources.

So the terminal element is namely the smallest unbreakable
element of the classification structure - an element that can not or
needs not be subjected to further decomposition. Terminal elements
are those components that are subject to evaluation in terms of
resource requirements, budget and duration, and those that are
subject to planning.

Only the logical dependencies between the terminal elements
were initially considered in the method. Subsequently, the method
is extended to assess the resources needed for each activity. This
extended model allows for the inclusion and the identification of
delays that result from inadequate/insufficient resources
(bottlenecks). This might result in a shortest path to become the
longest by building a "critical resource path". The concept is called
a "critical chain" and aims to protect the duration of an activity or
the whole process from unforeseen delays in the resource
constraints.

In these terms few remarks have to be made. The classification
structure is a clear understandable description of the scope and the
development of the process. The classification structure is neither a
process schedule, nor a chronological description but its building
should precede both the scheduling and the optimization. The
opposite approach might be compared with making a construction's
calculations after the construction has started.
WBS is not an organizational hierarchy, and mixing it with an
organizational chart usually leads to some confusion and mistakes:
while a certain activity / responsibility is assigned to a particular
unit by the administrative structure, the WBS, describing the
organizational structure, is not clear about the scope of the process,
is not result-oriented but organization oriented. WBS is not a logical
model or a strategic plan

Since the actual schedule of the process changes over time (i.e.
it is in dynamics), the CPM allows for a real-time tracking of the
critical activities and alerts the managers of the risk of non-critical
activities to be postponed after the available time slack, thus another
critical path might emerge and then an additional time delay of the
whole process to appear.

The WBS and its formulation is the process of elucidating the
structure of the process and its elements. Properly and appropriately
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As the dynamic programming being in the basis of the CPM
concept, the problem is solved iteratively into three main stages.
The first stage is the forward pass of the network from its starting
node to its terminal one. Let i and j denote any two nodes in the
network model connected with an arc (i,j) with a given value for its
duration Dij. Let also ESj is the earliest moment for the start-up of
all operations that start from a node j. Then the earliest possible
moment an event j to occur is evaluated with:
(1)

4. Dealing with the uncertainty as a random
variable
In this section, two approaches to deal with the uncertainty in
the activities duration are reviewed: the Program (or Project)
Evaluation and Review Technique (PERT) that treats the activities
durations as random variables with a beta-distribution and an
interval approach to an activity duration.

ESj = max{ESj + Dij}, maximization over i

PERT

Let i are the preceding events that are connected to j via an arc.
An initial condition ES1 = 0 is included. Now also ESj is the longest
way from 1 to j.

PERT is a model for analyzing and presenting tasks that are
performed to complete a process, especially with regard to the time
needed to complete each task and the definition of the minimum
time required to complete of the whole process. PERT has been
developed primarily to simplify the planning and scheduling of
large and complex processes and provides a description of such
technical and economic processes for which the duration of each
activity is not exactly known. PERT can be considered as an "eventoriented" model, in which the duration of each operation is a
random variable, in contrast to the Critical Path Method (CPM),
where the weights of the arcs denoting the durations under
consideration are constants. PERT and CPM however are applicable
to a wide range of processes even administrative ones.

In the second stage a backward pass is performed with the
evaluation of the latest moment that an event i might occur, that is
the completion moment of all operations/activities ending in the
event i. So the latest completion time LCj is:
(2)

LCj = min{LCj + Dij}, minimization over j

Now all activities following the node j are observed that are
connected to i via an arc. The initial condition is LC1 = ESn where
ESn is the earliest time to reach the final event. An operation (i,j) is
critical if:
(3.1)

ESi = LCi

(3.2)

ESj = LCj

(3.3)

ESj - ESi = LCj - LCi = Dij

When building a PERT model few conventions should be
observed. PERT is a decision-making tool so the first iteration of
the chart gives a sequence of events and allows subsequent
inclusion of additional ones. Two consecutive events in a PERT
chart are linked through activities that are represented by arcs.
Events are presented in logical sequence and no activity can begin
until the previous event has ended. In is the designer that decides
which elements are PERT events and defines their correct logical
sequence. Also, a PERT chart can have multiple pages and multiple
sub-tasks. With PERT, it is possible to manage processes in which
there are multiple simultaneous (convergent and independent) tasks
and also to perform a reduction of surpluses (redundancies) and
repetitions. So in such approach, PERT is a qualitative description
of a discrete-event processes under consideration that: allows
optimization in the elimination of inverse and parasitic movements,
presents the hierarchy and the mutual dependencies between the
results of a stage and the beginning of the next.

The latest 3 expressions show that there is no time reserve
between the moments of earliest start-up and latest completion. For
each operation (i,j) four additional parameters should be
determined: Latest Start time (LSij), Earliest Completion time (ECij)
and two time reserves (also named floats): Total float (TFij) and
Free float (FFij),
(4)

LSij = LCij - Dij

(5)

ECij = ESij + Dij

(6)

TFij = LSij - ESj

(7)

FFij = ESj - ESi - Dij

Being a tool for project managers, PERT also has its own
vocabulary. A PERT event is a point (event, node) marking the
beginning or ending of one or more tasks (activities, operations). It
does not consume time and does not spend resources. A PERT
event simply denotes the completion of one or more tasks as it is
not reachable until all activities leading to this event have been
completed. So a PERT event might be also considered as a state
flag.

Again, an operation (i,j) is critical if it shows no time floats, that
is TFij = 0. The critical duration (DC) of the whole process is the
sum of the durations of its critical operations DijC: DC = ∑DijC (8)
Another tool from Project management that is applicable to the
administrative process management problem when the duration of
the activities are considered constants is the Gantt chart. The Gantt
chart is a diagram illustrating the timing of a process. It describes
the start and end moments of the terminal elements as well as the
summaries of a given process. Terminal and aggregate elements
form the set of the process' structural elements. Some Gantt
diagrams also represent the relationships between the various
activities. In information technology, the Gantt chart can be also
used to visualize the data collected so far.

PERT considers two types of events: a predecessor event that is
an event (or a set of events) that precedes immediately another
event (s) and it may be the result of more than one activity and a
successor event that is an event (or a set of events) that follows
immediately an event and it also may be the result of more than one
activity. An activity denoted graphically with an arc in the
underlying network model is the actual execution of an
administrative task or activity. It consumes time and requires
resources such as effort, work, labor, materials, space, equipment
and qualifications, etc. A PERT activity can be approached from the
points of view of time, effort, and resource requirements for going
from one event to another (that is from one state to another). An
activity can not be completed until its predecessor event has
happened. If the event is considered as a state of an activity, the
latter is expressed as: an activity can not start until all its
predecessor activities are of a certain state that is completed.

Gantt charts are a widely used from practitioners in project
management as a technique for presenting the phases (stages) and
the distinct activities in a given process structure so that it is
understandable to the general audience. A major mistake in
constructing the Gantt chart is the mixing of the Gantt timeline and
the process management, which is aimed at building the process
structure along with the timing of the schedule of activities in the
structure. Such an approach makes the compliance with the 100%
rule very difficult. The sequence of modeling actions is as follows:
firstly, the structure of the process should be built up and then
comes the building of the activities schedule. It is also considered
that a Gantt chart is a useful and valuable tool for small projects
since its goal is primarily visualization and if the latter becomes
difficult because of a project's size mistakes can occur.

As mentioned above, in PERT, the time required to complete a
certain task is considered as a random variables. So for the duration
of each operation PERT makes certain assessments. The time
required to complete a task is considered as a beta-distributed
random variable. So there is an optimistic time (a - the minimum
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possible time required to complete a task with the optimistic
assumption that everything happens better than it is actually
expected), a pessimistic time (b - the maximum time it takes to
complete a task, assuming everything that might go wrong actually
goes wrong, without taking into account any force-majeure events)
and a most likely time (m - the most realistic estimate of the time
required to perform a task under normal circumstances). While
considering a normal distribution, the most likely time will be the
mean value of the random value distribution. In PERT it is assumed
that the random duration of each operation is described by betadistribution (symmetrical or asymmetric).

(9)

m=

a+b
2

Then the half width Δ of the duration interval for each operation
can be s determined with:
(10)

∆=

b−a
2

so that

a= m − ∆
b= m + ∆

Again, the mid-point of the interval in which the critical path's
duration is expected to fall is the sum of the mid-points points of all
intervals of the operations on the critical path, and its half-width is
the sum of all critical path's activities half-widths. Finally, the upper
and lower bounds of the critical duration's interval are determined
by the second part of the expression (10) and the same reasoning
applies to the shortest path in the network.

Assuming a random variable distribution a mean value and
variance might be obtained having in the mind that the extremes of
many probability distributions lie about three standard (mean
square) deviations 3σ from the mean [7]. In our case, the average is
the so-called "expected time" ( Dij ) and this is the best estimate of

5. Conclusion

the time required to complete a task under normal circumstances.
The addition here is that the expected time is the average time that
requires a task if the task itself repeats over time in different
conversions over a long period of time. The expected time is a
statistical measure.

Gantt charts represent only a fraction of the triple limitations
(cost, time, and scope) of a process, as they focus on managing the
time plan. Moreover, they do not represent the scope of the process
or the relative scope of the elements. If two projects have the same
number of days left behind, the larger project reflects at a greater
power on spending and resource utilization, something that remains
invisible in a Gantt chart. With this chart, optimization of
operations, time and resources is difficult to achieve, and even if it
is done, it is usually based on heuristic or intuitive techniques that
are closer to CPM and PERT. For these reasons, the Gantt diagram
of the administrative process can be used only to illustrate the time
plans. A PERT approach is a network-based model of the process.
Its visibility and accuracy are in direct relation with the correct and
accurate definitions and decomposition of phases and stages in the
WBS. PERT also provides for the analysis of processes with
statistical uncertainty, obtaining statistical assessments and the
human resources management. The introduction of administrative
processes management algorithms aims to reduce the probability of
errors and decreasing the total time for the rendition of a result from
an administrative service thus guaranteeing the required
implementation quality and timely for the administrative
management functions, and sometimes followed by an overall costs
reduction.

A float is the time reserve. This is the amount of time that can a
task start be postponed without causing delays for subsequent tasks
or the whole process. Therefore any activity with a zero-valued
float is critical. A critical path is the sequence of activities with zero
floats thus forming the longest possible journey from the start to the
final event and it determines the total time needed to finalize the
process. For this reason, any delay in the critical path inevitably
leads to delays in the whole process.
Lead time is the time during which a predecessor event must be
completed to provide sufficient time for all activities before a
particular PERT event is completed. On the other hand, a lag time
presents the earliest moment that a successor event may follow after
a PERT event.
Another interpretation of the floats is that a slack is the measure
that denotes the surplus / reserve of available time and resources
(overwhelming) when an event is realized. Positive slack indicates
ahead of schedule - before schedule; negative slack indicates a
delay that is behind schedule and a zero slack indicates on schedule.
As mentioned before, project managers generally stick to two
basic ideas for projects overall duration reduction that are fast
tracking (parallel critical activities execution) and critical path
crashing (adding resources to critical activities in order to shorten
their duration).
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