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EFFECT OF PLASMA DENSITY ON RESIDUAL BACTERIAL NUMBER AND
APPLIED VOLTAGE

Yuki Arimoto?, Tatsuro Machida®, Yuto Kijima®, Masato Hosoya®, Miyo Arikado®, Koji Kakugawa®, Takeshi Tanaka®,
Katia Vutova?

Department of Electronics and Computer Engineering — Hiroshima Institute of Technology, the Japan *
Institute of Electronics, Bulgarian Academy of Sciences, 72 Tzarigradsko shosse, 1784 Sofia, Bulgaria?

tanaka@cc.it-hiroshima.ac.jp

Abstract: Plasma basic ion implantation (PBII) with high negative voltage pulses has been applied to test specimens in a sterilization
process as a technique suitable for three-dimensional workpieces. Pulsed high negative voltage was applied to the electrode in this process
at the gas pressure of oxygen. It was reported that the PBII process reduced the numbers of active Bacillus pumilus cells using self-ignited
plasma N, gas generated by only pulsed voltages. The number of bacteria survivors was reduced by 10~ ¥ with a few min exposure. As the
ion energy is the most important processing parameter, a simple method to estimate the oxygen ion energy calculated using distribution for
oxygen in Si implanted by PBII was estimated. In this work, the Effect of Plasma Density on Residual Bacterial Number and Applied Voltage

is studied.

Keywords: ELECTRONS, IONS, PLASMA BASED ION IMPLANTATION (PBII), OXYGEN, PLASMA DENSITY

1. Introduction

Plasma is an ionized gas, which is a fourth state in addition to
solids, liquids and gases. Technology that makes use of plasma is
wide-ranging, especially that used in semiconductor manufacturing
technology. As one example of this, there is thin film forming
technology and microfabrication technology. These technologies
have been developed in response to the higher integration and
higher performance of integrated circuits and accompanying
miniaturization of circuit patterns.

In addition to semiconductors, much research is being
conducted on plasma application technology, including
environmental improvement technology and medical related
technology. In particular, application to biotechnology and medical
care is being carried out 4,

The plasma ion implantation method (PBIl method), which is
one technique that uses plasma, is applied to sterilization
technology in the sterilization of medical equipment, etc. There are
some plasma devices used for sterilizing medical equipment that
use hydrogen peroxide 1!,

However, it has been pointed out that there are effects on health.
In order to find the technology needed to replace it, experiments on
sterilization by the PBII method have been attempted !,

Besides medical devices, microorganisms adhering to foods are
also considered as objects for sterilization. In general, sterilization
of food is done by heat sterilization. However, there is a danger that
food quality will be impaired through the heating process. Thus, a
new kind of non-heat sterilization method is attracting attention as a
sterilization technique.

In this study, the energy of the implanted ions was evaluated in
the sterilization using active gas (O,) by the PBII method ©.

2. Bacteria culture method

Bacillus stearothermophilus was used as a test bacterium, and
was cultured at 55 ° C for 1 to 2 weeks using a sporulation medium.
The spores formed were confirmed with a microscope then the
spores were collected with a platinum loop. The collected spores
were heated at 80 ° C for 10 minutes, washed three times with a
phosphate buffer using a centrifuge (room temperature, 1 minute,
12000 rpm), and the spores were heated again at 80 ° C for 10
minutes to obtain 1.0 x CFU / ml. This was used as test spore fluid.

3. Experimental device - method

Sample —

Tons

Pulse Burst RF
Power Supply

Gas Inlet

Ion sheath —

Pump

=]

Fig. 1 Schematic diagram of the experimental apparatus.

The chamber size of this device is 485 mm in height, 590 mm in
width and 470 mm in depth. The SUS target electrode has a
diameter of 140 mm and a thickness of 20 mm, is insulated from the
grounded chamber, and is installed at the center of the chamber.
The high-pressure modulator (manufactured by Kurita Seisakusho
Co., Ltd.) used in this experiment can irradiate the target with a
pulse voltage of 2 to 30 us with a pulse voltage of up to 15 kV with
a maximum capacity of 1000 pps and a maximum of about 8 A.

For vacuum evacuation, use a rotary pump with a mechanical
booster pump and mass flow together, evacuate the chamber to 10
Pa, and introduce oxygen gas (purity 99.99995%) to 1 kPa. After
that, conditions are set by the computer control system and
discharge is performed.

4. Calculation of plasma density

target

Ton sheath
Pulse

modulator R»

Plasma

Fig. 2 Modulator Equivalent Circuit.



The constants representing the sheath are R, and C; in Fig. 2.
Here we deal with a case where the ion sheath structure is flat, and
the calculation of these constants will be described.

Generally, the ion sheath resistance R is determined by using
the resistivity p, the length s of the object and the area A of the
object.

R 1: 0 % (1)

Collision does not occur in the sheath. If the mass m of the ion
species, the applied voltage V,, of the target, the electronic charge e,
and the ion velocity v in the sheath,

i;m v £=el, )
_ [2emy
Lo -a (3)

is obtained. On the other hand, the current density j at the target
surface is expressed by conductivity ¢ and electric field E as:

-
J=em;v=0E=o0 :" 4)
then, from:
[261,_ ¥y
SN (5)
J_Vy,_ AT
P=T"7 eny, [Telp (6)
comes
T -.“'_'11
P = ongs VT Y
and
e [
Ri= 0 A_Em.-h.l s ®)

is desired. Expression (8) shows that it is not dependent on sheath
length. Also, by giving V, to equation (8), plasma density 1 ; (ion
density in sheath) on the target surface can be obtained by knowing
R by experimental values, etc.

Using the ion density n; [m~] and the volume C [m®] of the
chamber, for-the number of ions N [pieces] is:

Using the frequency f [Hz], processing time t [s], and equation
(3), the number of injected ions X [pieces] is:

X=£X X Cn; (10)
le=X XV, 11)

The energy per 1 eV —1.602x107** is subjected to ion energy
and the unit is changed from [eV] to [J].

On the other hand, the ratio p [%] hitting the bacteria is
calculated from the area S [m*] of the fungus and the area A [m~]
of the target:

p:%x 100 (12)
to find the ion energy V5 [J] hitting the fungus from here:
¥y =lex1.602x 107 xp (13)

assuming that the number of sterilization is N [pieces], the energy Y
[J] necessary for killing one bacterium is:

_¥e
Y=3 (14)

5. Results and discussion

Table 1: Measurement conditions (pulse width).

Gas O,

Gas Pressure [Pa] 3

Pulse Rate [pps] 500
Pulse Width [pus] 5,10,15,20

Pulse Voltage [kV] -6

Delay time  [ps] 50

RF Power [\VVA] 240

Exposure Time [min] 10

Table 2: Measurement conditions (delay time).

Gas O,
Gas Pressure [Pa] 3
Pulse Rate [pps] 500
Pulse Width [pus] 5
Pulse Vvoltage [kV] -6
Delay time [ks] 30,40,50,60,70
RF Power [\VA] 240
Exposure Time [min] 10
0 5 10 15 20 25
1.E+00 : : : : |
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Fig. 3 Pulse width - energy characteristics necessary to kill one bacterium.
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Fig. 4 Delay time - energy characteristics necessary to kill one bacterium.
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Fig. 5 Bactericidal rate - pulse width characteristics.
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Fig. 7 RF voltage and applied voltage.

In Fig. 3, no significant change was observed between 30 and
70 ps.

In Fig. 4, no significant change was observed between 5 and 20
us.

In Fig. 5, it can be seen that the sterilization rate increases as the
pulse width increases.

Fig. 6 shows no significant change from 30 to 50 ps, but
gradually decreases from 50 onward.

In Figures 3 and 4, the energy required to kill one bacterium is
one and the same - between 2.35 x 10 [J] and 3.08 x 10 [J].

Therefore, it was found that even if the delay time and the pulse
width were changed, the required energy was one and the same, so
there was no change.

In Fig. 7, an external RF voltage is applied from 0 to 50 ps, and
no RF voltage is externally applied after 50 ps.

From this, we see that there is a correlation between Fig. 5 in
which the sterilization rate gradually increases between 5 and 20 ps,
and in Fig. 6 in which this rate decreases after 50 ps.

6. Conclusion

Measurement was carried out with oxygen in this work.
Superoxide, which is a free radical, shows sufficient activity in a
short time and has high reactivity, microorganisms may be killed by
the oxidizing action of these active molecules [,

It is thought that the oxidizing action of ozone affects
sterilization by sterilization under air and oxygen atmosphere 1.

From this, we would like to measure gas species from oxygen
of active gas to inert gas such as nitrogen and argon in the future.

Also, if we change the number of bacteria, frequency and
treatment time, we want to examine whether the energy required for
killing one fungus is the same.
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AN APPROACH FOR CLUSTERING SOCIAL MEDIA TEXT MESSAGES,
RETRIEVED FROM CONTINUOUS DATA STREAMS

Assist. Prof. Bankov B.
University of Economics — Varna, Bulgaria
boris.bankov@ue-varna.bg

Abstract: Using k-means clustering algorithm, a new approach to handle evolving topics and discussions in social media environment is
proposed. Different segmentation techniques and applications to handle large volumes of data are explored. Relevant works that consider
using fading functions and half-life weight measurements as a tool to remove inactive clusters are discussed. A set of rules and a controlling
variable called time to recover are introduced as a simple means of managing cluster lifecycles. Short case study is conducted with Twitter

data retrieved between the 19" and 22™ of January 2018.

Keywords: SOCIAL MEDIA MINING, ONLINE STREAM CLUSTERIZATION, FADING FUNCTION, CONTINUOUS TEXT

CLUSTERIZATION

1. Introduction

Text mining has become one of the major focuses of research in
recent years. Due to the speed and volume of data that originates on
the web, text processing techniques are evolving. Statistical
algorithms are pivotal in dealing with variety of unstructured data
management problems. To answer these problems clustering has
been applied to continuous streams as means to analyze patterns in
real time. Online clustering is being used in telecommunications,
network surveillance, weather conditions monitoring, website traffic
analysis and so on [1]. Processing unstructured textual data,
retrieved from social media platforms however, is somewhat more
difficult than traditional clustering tasks. When monitoring network
traffic there is always a general idea of what processes or actions
are within the regular norm and anything else can be treated as a
threat. However social media text messages are often short,
unpredictable in their format and can be semantically similar, while
morphologically very different. Another issue is the fast emerging
topics of discussion and their eventual fading out. To combat the
challenges of streaming clustering several algorithms have been
developed. In this paper we propose a new function to address the
need evolving topics in text messages create, in terms of active and
inactive discussions.

2. Overview of continuous text stream clustering
algorithms

Clustering is a process aimed to organize and categorize data
based on some traits. To cluster text one needs to transform
documents, paragraphs or sentences into vectors. The way to
represent text as an object in the Vector Space Model is to build a
matrix of all words that are mentioned in the dataset and compare it
to the number of times individual words appear in individual
documents. Often to engineer such matrix tf-idf (Term Frequency —
Inverse Document Frequency) is used.

A common algorithm for clustering is k-means and his
variations — k-means++, OSKM (Online Spherical K-Means), Mini
Batch k-means, k-medians, k-medoid, etc. The basic steps are as
follows:

1) determine k for the number of clusters;

2) build k clusters and approximate their centers;

3) assign objects in high dimensional space to clusters, based
on the distance between the objects and the closest cluster
center;

4) repeat step 3 until it is impossible to move objects from
one cluster to another.

According to different research [2][3] the definitive advantages
of k-means are the low-cost implementation and high performance
capabilities of the algorithm. K-means is very efficient in software
environment because it only requires memory to maintain vector's

coordinates and calculate distance between them. When looking at
continuous data streams it is important to handle incoming points
and assign them to either existing clusters or create new ones.
Aggarwal et al. [4] present one of the first ideas to split the
incoming data stream into chunks. Microclusters are stored
systematically at particular moments in time called snapshots.
These segments are organized in a structure, resembling a pyramid,
where each row contains snapshots of the active microclusters. On
the top levels of this structure a small number of older snapshots
remain, while lower levels represent recent microclusters. Row |
contains segments, which appeared in a timeframe of 2' of the
stream. Any segment that is divisible by 2" is removed from the
row and does not generate a microcluster (see Fig.1).

row ] time snapshots
5 32
4 163248
3 1624 32 40 48
2 36 46 44 48 52
1 46 48 50 52-54
0 5152535455

Fig. 1 Structure of microcluster snapshot pyramid

Ackermann et al. [5] proposes splitting the stream into small
segments in order to reduce the number of dimensions. Initially n
number of segments are present, that contain m number of data
points. All segments following the first one contain between 0 and
m points. The first segment is used as a safety net for incoming
vectors. When a partition reaches its maximum capacity all points
are moved to the next segment. If that one is full as well both
partitions are paired into a new segment and cleared of all points, so
that they can accept fresh data (see Fig. 2).

I I N N B

Fig. 2 Structure of segmented data stream

Zhong [6] presents an algorithm under the name of Online
Spherical K-Means (OSKM) that deals with large volumes of data
by taking into account both time and significance of data. The
technique is aimed at splitting the incoming data into segments or
chunks. Zhong's algorithm loops through all the streaming data
without any interruptions or pauses and thus results are kept in the
machine memory. While segmented into chunks the dataset is easier
to cluster because cluster centroid information can be read in
runtime. In order to prioritize new data points Zhong proposes a



variable that measures the period of time cluster information is kept
in memory. In the context of social media mining, information
about recent messages is more valuable than older topics of
discussion which tend to diminish rather quickly. The variable
Zhong introduces is called a decay factor and is used to determine
the historical weight of existing clusters. To calculate the weight, a
decay factor between 0 and 1 is accepted and then multiplied by the
number of vectors in the cluster. The decay factor is reciprocal to
the period of time the cluster has existed and eventually becomes
infinitely small.

Similar idea can be found in the works of Aggarwal and Yu [7],
who introduce a fading function that determines cluster weight
while taking into account the last moment in time a data point was
assigned to a specific cluster. That way clusters that are not
accepting new vectors are labeled as inactive. To manage active and
inactive clusters Aggarwal and Yu also rely on a variable that
measures the time needed for a data point to lose half of its weight
or significance — half-life variable. Half-life is also used when a
new vector is introduced in the high dimensional space and it is
labeled as an outlier or an anomaly. If within one half-life period
another point close to the first one is delivered via the stream, then
the anomaly is accepted as a new cluster. If no such vector is
encountered the anomaly is treated as such and no new cluster is
formed. Following this approach any clusters that are inactive for a
period of time greater than their half-life are nullified or broken
down.

Modern algorithms consider other metrics as well, but the main
basis for developing fading functions are the variables time and
significance or weight of clusters. We consider Zhong and
Aggarwal to be a starting point for creating a modest rule set that
can be applied in continuous stream text clustering. Our goal is to
have an automated process that manages active and inactive clusters
in the context of developing and diminishing topics in social media
platforms.

3. Period of recovery for inactive clusters

To efficiently cluster text data, retrieved from social media
platforms in real time, it is necessary to understand user behavior
and how discussions happen. Let us assume there are two general
reasons for users to post anything online — the first is a natural
inclination to share information that comes from within and the
second is provoked by events or people that happen without our
direct involvement. In general the majority of people participate in
more than one online chat group or comment on more than one
subject. Politics, natural disasters, sports outcome or entertainment
news can all spark discussions that last days, weeks or months.
Some less important occurrences might go unnoticed if we only
look at the big picture and decide to cluster data only in
predetermined topics. Furthermore it is almost an impossible task to
predict all the possible categories of human interest on social media
which means creating a static distribution of vectors into cluster
group is not an effective solution. A possible solution is to label
clusters as active, inactive and nullified, based their and how they
develop in time.

We represent time with three variables:

1) t,—time, as a sum of all periods of activity for a specific

cluster;

2) ts—time, as a sum of all periods of inactivity for a specific
cluster

3) T - time, that expresses the “life” of a cluster, as a sum of
taand t;

Active is a cluster that continues to accept data points in his
vicinity. It also has a sum of periods of inactivity lesser than the
sum of periods of activity. Inactive is a cluster that in two
successive moments in time does not get any vectors assigned to it.
If none of the clusters receive any new points, then their t; does not

increase as to account for stream inconsistencies. Apart from that
another reason could be an outlier or an anomaly that is actually a
new topic. A cluster is nullified when after being inactive is
terminated and no longer exists in vector space. So for a cluster K if
(1) is true we consider it active and we keep it intact.

) t < t,

A simple rule like that can be easily calculated in runtime
without a significant impact on performance. To account for new
emerging clusters we also need to take note of the number of
objects that enter the high dimensional space. In order to preserve
the inequation (1) and address historical significance it is important
to look at how time and cluster weight are related. Because both
variables are not homogeneous first we take note of the number of
data points that enter vector space while a cluster is alive.
Furthermore we choose to look at the average rate at which high
dimensional objects are sent via the data stream and are assigned to
all present clusters. So if there are N total points in vector space,

N . . .
then on average - points are assigned to clusters per time frame.
Therefore the product

N
(2) ? * ta;
gives us the approximate maximum number of points that
cluster K could have in his vicinity. On the other hand the product
N
(3) 7 * ts;
can be used to measure the approximate maximum number of
points that are outside of K and are assigned to other clusters. If we
take a look back at (1), add (2) and (3) we keep the original
inequation.

T+0

T+0

N N
(4) F * g < F
Now however both sides represent number of vectors rather
than sum of periods of time. From a theoretical stand point such
rule can be only applied if cluster K has a number of points equal or
greater than all other clusters in the high dimensional space.
Statistically it is more likely that the inequation (4) is untrue for the
majority of the data stream. To summarize, it is not possible to
determine if a cluster should be active without accounting for the
significance on the objects assigned to it. In addition, important
clusters need a period of recovery t, that allows them to remain
inactive before completely being nullified. As a general rule,
clusters which are not historically important or which do not
assimilate enough data points are subject to being nullified after
long inactivity.

T+0

* tg,

Under usual circumstances, when ts becomes greater than t, the
recovery period will act as a balancing variable that factors in
cluster significance. Cluster unit weights can be calculated with tf-
idf, word2vec probabilistic distribution, chi squared and others [8].
Assuming w is the weight of a cluster K and n is the number of data
points that are assigned to it, % results in an average weight per
point. Because (2) gives us the maximum possible amount of
objects cluster K can receive for a period of activity t,, with formula
(5) we can determine an approximate maximum significance w’.

, N w
(5) w=—=*xt,x—T+0n %0
T n

When calculating the recovery period t, we will take into
Aggarwal and Yu's idea of a half-life measure (the period of time it
takes for a unit to lose half of its significance). However we are

choosing to measure the time it takes for the real significance w to
1 / '
decrease to a value of Jrw. As a result the closer w to w or the

better a cluster performs in terms of receiving important and
relevant data points, the bigger the period of recovery t, would be.



On the other hand if there is a large difference between the values
of w to w, that would indicate that cluster K has been performing
poorly and its significance is lower than expected. To illustrate this
better we propose the following example.

In a coordinate system, where the abscissa represents cluster
weight and the ordinate represents time, we create points for
w = 10 (see Fig. 3) and w = 15 (see Fig. 4) against a period of
activity t, = 10. We choose to gradually increase w from point A
to point B, in such a way that resembles an identity function with
the sole purpose of facilitating an easier comprehension (e.g. a
value of 1 weight per 1 moment of time). As soon as point B is
reached, the period of inactivity ts also starts increasing until it
becomes equal to t,. At this moment a period of recovery t; should
be measured and extended to cluster K to either become active
again or be nullified.

Fig. 3 Real significance of cluster in B

Let us assume that during the period of activity of cluster K the
number of points that are introduced in vector space is equal to
three times the number of vectors in that particular cluster (N = 3 =
n). Referring back to (5) we calculate w’

, N ‘ w 3xn ‘ w 3xn 10 10
= — % * — = * * —_—= — % * —
©) Oty T T T 10+ 10 n
_3*10*10_15
= 20 =
t
12 Hw!—}

Fig. 4 Approximate maximum significance of a cluster in B

. . 1 7
The time it would take for w to reach 2 * () We can measure
either with a custom multiplier or as it is in our example with a

decay factor y = 1 of 1 weight point loss per 1 moment in time.
1 ’ 1
(7 tr—(w—E*w)*;—Z.S,yth

Segment DE on Fig. 5 represents the time to recover t, needed
1 , . . .
for w to reach JFw. Surpassing a period of 2.5 without any new

vectors entering the cluster’s vicinity would result in the
nullification of said cluster.

4 [3 8 10 12 TS

Fig. 5 Period of recovery measured in segment DE

We assumed that the number of data points introduced in vector
space was 3 times bigger than the number of points assigned to
cluster K. A question might arise as to why we did not choose
N =15+*n or N=2x*n for example. As a matter of fact any
number lower or equal to 2 * n would mean that cluster K either
contains the majority of points or has an amount equal to the sum of
all points that do not belong to it. If that is the case then we can use
(4) to determine if it needs to be nullified.

A larger the amount of data points in vector space as well as a
higher value of individual cluster's significance will result in a
longer period of recovery being issued. On the other hand a smaller
number of points in the cluster alongside a higher life period will be
followed by a shorter recovery period.

4, Results and discussion

To test our algorithm we choose to download data from Twitter
using the platform’s Streaming API published in the span of 4 days
between 19" and 22™ of January. Twitter supplies researchers with
arich and structured output that contains plenty of labeled data such
as publishing date, location, user information and so on. We choose
to retrieve text messages that are mainly in Bulgarian. As a result
we received a little over 50000 messages before applying
sanitization filters. Because clustering does not offer one single
solution and needs to be run multiple times with different
parameters such as batch size, maximum number of iterations,
number of clusters, etc., we choose to look at 5 to 10 clusters and
compare results. In our dataset there were 4 distinct and 1 free-for-
all categories. Over the period the major topics that dominated chat
messages were Boyko Borissov, Angela Merkel, the Istanbul
convention and traffic accidents (see Table 1).

Table 1: Number of data points in the clusters for the whole
period

Date\Topic | Merkel = Borissov Istanbul | Accidents

2018.01.19 441 352 480 233
2018.01.20 | pNK}H) 755 300 216
2018.01.21 693 603 240 210
2018.01.22 445 537 1080 370
However when looking at individual data distribution

throughout the day two of the big clusters existed alongside smaller
ones which were nullified and assimilated after they stayed inactive
for too long. An underlying topic found within discussions about
Angela Merkel was the Schengen Area agreement (see Fig. 6),
which was more of a secondary subject in user messages and did
not outperform the German Chancellor. The second theme that did
not have a strong representation on its own was the Pirin mountain
discussion that often was mentioned in tweets addressing Bulgarian
Prime Minister (see Fig. 7).
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Fig. 7 Number of points in individual clusters

5. Conclusion

All clustering algorithms are aimed at summarizing vast
amounts of data. When it comes to categorizing live streams
techniques have been evolving in the past decades. Sometimes data
can be hard to evaluate if we only look at the big picture. In this
paper we presented a fast and easy to use set of rules that can be
applied in continuous clustering. Determining the time to recover
value does not significantly complicate the process. Although a
fairly simple concept, our approach can be easily implemented as it
does not require heavy computations.
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Abstract: Acid mine drainage waters polluted by iron, several non-ferrous metals (mainly copper, zinc and cobalt) and sulphates as the
main pollutants were efficiently treated by a lab-scale passive system consisting of an alkaline limestone drain and a permeable reactive
multibarrier connected in a series. The multibarrier was filled by a mixture of solid biodegradable organic substrates (mainly of plant
biomass) and was inhabited by different metabolically connected anaerobic microorganisms (mainly different heterotrophs including some
iron-reducing and sulphate-reducing bacteria). The effluents from this system were rich in soluble organic compounds and were treated in a
microbial fuel cell in which consortium of electrochemically active microorganisms used these compounds as donors of electrons for

electricity generation.
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1.

It is well known that the generation of acid drainage waters (both
under natural conditions and as a result of the human activity) is a
very serious environmental problem. This is due to mainly to the
fact that in most cases, apart from the sulphuric acid, such waters
contain different toxic elements, mainly heavy metals, radionuclides
and arsenic. The prevention of this process is usually more desirable
than the subsequent treatment of such waters. However, the
intensive development of mining and/or of mineral processing in
many countries worldwide is an essential factor for their industrial
development and increasing of their living standard. Unfortunately,
the efficient prevention of acid generation in the huge dumps
consisting of rich-in-sulphides low-grade waste ores or other
mineral wastes is usually a difficult and costly process. For that
reason, since a long time in several countries such dumps are
subjected to leaching of the relevant useful components by means of
acidophilic chemolithotrophic bacteria (Groudev, 2015). At present,
apart from the extraction of some valuable components from the
pregnant leach solutions, the treatment of the residual waste waters
by adding some biodegradable organic substrates and different
heterotrophic bacteria using sulphates and/or ferric ions as electron
acceptors can be used for generation of electricity by means of
especially constructed fuel cells (Du et al., 2007; Rabaey and
Verstraete, 2005; Spasova et al., 2014, 2016).

Introduction

2. Materials and Methods

Acid drainage waters generated during the bioleaching of a
polymetallic sulphide ore were subjected to treatment by means of
lab-scale permeable reactive multbrriers. The multibarriers were
plastic cylindrical columns 120 cm high, with an internal diameters
of 30 cm. The columns were filled with a mixture of limestone
(crushed to a particle size of minus 10 mm) and a biodegradable
organic matter consisting of a mixture of spent mushroom compost,
fresh leaf compost, animal manure and saw dust. The columns were
inoculated by microorganisms of different types: No 1 - by means
of mixed populations of sulphate-reducing bacteria; No 2 — by
means of mixed population of iron (I11)-reducing bacteria; No 3 —
by means of mixed populations of sulphate-reducing and iron-
reducing bacteria. The pH of the solutions inside the different
columns was maintained at different levels - from 5.5 to 9.5.
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The solutions from the multibarriers were enriched in soluble
organic compounds and were used separately from each other in the
experiments for electricity generation by the microbial fuel cells.
Each of these cells was a Plexiglas cylindrical column 80 cm high,
with an internal diameter of 12 cm. A perforated slab graphite —
Mn4+ anode and a graphite — Fe3+ cathode were located in the
bottom and in the top sections of the column, respectively. The two
sections were separated by a permeable barrier of 5 cm thickness
consisting of a 2.5 cm layer of glass wool and a 2.5 cm layer of
glass beads. The feed stream, i.e. the effluents from the
multibarriers, was supplied to the bottom anodic sections of the
column and the effluents passed through the cathodic section and
continuously exited at the top. Air was injected during the treatment
to the cathodic section.

The quality of the waters treated by means of the permeable
reactive multibarriers and by the microbial fuel cells was monitored
at the inlet and the outlet of these components of the system for the
water cleaning and electricity generation. The parameters measured
in situ included: pH, Eh, dissolved oxygen, chemical composition,
and temperature. The isolation, identification, and enumeration of
microorganisms were carried out by the classical physiological and
biochemical tests (Karavaiko et al., 1988) and by the molecular
PCR methods (Sanz and K6chling, 2007; Escobar et al., 2008).

3.

Data about the composition of the polluted waters before and
after the treatment by means of sulphate-reducing bacteria as well
as by mixed populations of sulphate-reducing and iron-reducing
bacteria are shown in Table 1. The sulphate-reducing bacteria used
in this study were related to six different genera (Desulfovibrio,
Desulfobacteric and Desulfococcus which were able to oxidize the
organic substrates to CO, as a final product, as well as the genera
Desulfobulbus, Desulfomonas and Desulfomicrobium which were
able to oxidize the organic substrates only partially to CO, and
acetate).The bacteria related to the first group as a whole degraded
the organic substrates and reduced the sulphates at higher rates than
the sulphate-reducing bacteria related to the second group.
However, some mixed populations of bacteria from the two groups
were also very active. Some iron (l11)-reducing bacteria from the
genera Geobacter and Schewanella were able to degrade the

Results and Discussion



organic sources of energy used in this study at rates close or even
higher than these achieved by means of most of the sulphate-
reducing bacteria tested in this study. However, the treatment of the
polluted waters by means of iron (Ill) — reducing bacteria acting
independently was not efficient, These bacteria were able to transfer
electrons from the dissolved organic substrates in the anoxic section
of the microbial fuel cells via their own respiratory chains and
extracellular matrix directly to the anode located also in this section
of the microbial fuel cell. It is well known that some members of
the two genera mentioned above differ considerably from each
other with respect to their mechanisms of the extracellular electron
transport from the relevant organic substrates to the cytochromes of
c-type present in their respiratory chains. Furthermore, it is known
that the reduction of the Fe (l11) — acceptors and the growth of Fe
(1N)-reducing bacteria depend not only on the type, composition,
and concentration of the organic substrates but also on the structure
and surface of the iron (I11) acceptors.

Table 1. Treatment of polluted waters by means of different anaerobic
microorganisms

Data about the water treatment
Parameters Initial content by means of:
of the waters sulphate- a mixed
reducing population of
bacteria sulphate-
reducing
bacteria and
iron-reducing
bacteria
pH 1.70-3.25 6.75-7.10 6.90 -7.21
Eh, mV (+345) — (+530) | (-190) — (-260) | (-172) — (-280)
Total dissolved 3250 - 5560 5101320 5211270
solids, mg/I
Dissolved O, mg/I 10-19 01-02 0.1-03
Dissolved org. C, 19-37 260 - 480 240 - 460
mg/I
Sulphate, mg/I 640 — 1490 170 - 305 190 - 325
Cu, mg/I 5.0-23 <0.1-0.40 <0.1-0.35
Zn, mg/l 95-35 <0.1-0.35 <0.1-0.44
Co, mg/l 25-12 <0.1-0.30 <0.1-0.31
Cd, mg/l 01-03 <0.01 <0.01-0.3
Mn, mg/I 35-14 0.21-0.28 0.17-0.23
Fe, mg/l 560 - 1270 44-82 28-51

Apart from the experiments for treatment of the polluted waters
some of the more active sulphate-reducing and iron (I11)-reducing
bacteria were used in experiments for generating electricity by
means of the constructed microbial fuel cells. It was found that the
different representatives of these two groups of anoxic
microorganisms differed considerably from each other with respect
to their ability to generate electricity from biodegradable organic
substrates (Table 2).

The sulphate-reducing bacteria as a whole were considerably
more efficient in this aspect from the iron(lll)-reducing bacteria.
However, the high electricity generation during these investigations
was achieved by means of a mixed culture consisted of both
sulphate-reducing and iron(I11)-reducing bacteria.

Table 2. Electricity generation by means of different anaerobic
microorganism in the anodic section of the microbial fuel cell

Microorganisms COoD, Cells/ml Power,
mg O2/l.h mwW/m

Sulphate-reducing s

bacteria 400 — 2100 >5.10 1700 - 3500

Sulphate-reducing s

bacteria + Iron(I11) 600 - 2300 >7.10 2600 - 4200

reducing bacteria

Iron(111) reducing .

bacteria 500 - 1700 >3.10 1200 - 2300
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Note: Experimental conditions: 37°C, pH 7.1 - 7.5, O, dissolved,
7.7 -8.0 mg/l, COD/SO,? ratio 2.1 — 4.1

Acnowledgements: The authors expressed their gratitude to the
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Abstract: This research is about evaluation of Customer Relationship Management (CRM) selection criteria for construction industry in
Turkey. It is difficult to implement CRM in construction industry because of its characteristics specifications like transactions and operations
volume both in customer and company site. Therefore CRM selection is also as important as CRM implementation. The aim of this research
is to evaluate the criteria for CRM selection and then determine the weights of the chosen criteria. The method is going to be Analytic

Hierarchy Process (AHP).
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1. Introduction

The topic intended in this study is the Mobile Customer
Relationship Management (MCRM), but we cannot proceed without
understanding Customer Relationship Management (CRM) as the
basics. The main aim of every organization is to acquire new
customers, keep them and increase their number [1]. As new
companies enter into new market they push away the existing ones
by weakening their customer base. This is a very big challenge to
the old companies and also a challenge for the new companies. The
increasing competition in market has caused customer relationship
management to be the leading agenda in most companies [2].

Customer relationship management isn’t just a system that
provides organizations with information about their customers but
rather it is a way to know how organizations interact with their
customers [3].

Companies regardless of the size, be it small or big, have
chosen to utilize the opportunities the new technologies offer to
captivate individual customers [2]. With large number of 3-G and 4-
G smartphones sales in the past 8 years, it has become a necessity
for any organization that wants to succeed to adopt the mobile
customer relationship management. [4] stated that over 968 million
smartphones sales in 2013, which is an increase from the previous
year with a 42.3 percent. In 2014, it was recorded that 1.2 billion
smartphones sales, an increase of 28.4 percent from the previous
year [5]. And in 2015 1.4 billion smartphones sales was recorded
[11].

These Improvements in technologies have caused a different
approach in the retail sector, how they conduct and manage
businesses to make it easier for customers [6] and [7] explain that
the coming of mCRM as a tool in the form of text messaging has
given companies a chance to have distinct one-on-one relationships
with their customers. A prove of this statement is a research that
was made in 2013, which showed that adverts in mobile devices had
grown up to 75%.

2.

Many CRM selection research studies have determined several
selection criteria for CRM selections. These studies, however,
discussed the selection criteria from different prospective and in
different contexts.

Research Aim

The aim of this study is determine weights of the CRM
selection criteria for construction industry. Since construction
industry is a complex one, CRM selection criteria is going to be
same as others but weights may differ

3. M CRM, Benefits and Selection

The breakthrough of CRM has caused a lot to see its importance
and since then there have been many definitions of CRM. There is
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no agreed, comprehensible, explicit and direct definition of CRM
because there are still many discussions in academic literature on
what CRM precisely refers to [8] .

Since CRM does not depend on its technological aspects only,
rather it has many other aspects; so many definitions could come
about it. [9] explain that CRM weighs heavily on users at all stages
regardless, whether it is in the organization, business partners or
customers. This also gives us an idea that truly many definitions
could come about from any of the sectors as these sectors have wide
scopes. [10] states that these kind of systems affect enterprise
functions such as customer retention, product planning, parts
purchasing, sales forecasting, product allocation, etc. So it actually
depends on which or from what aspect a person would tend to
define CRM.

Furthermore [8] explains that CRM are of four different types
namely, operational, collaborative, strategic and analytical. He
explained that scholars may come up with different definitions
depending on which of these four CRM he/she may try to derive the
meaning of CRM from. This is one of the main reasons scholars
have different definitions.

From these definitions we see and we should agree that the
common and most important goals and key items in CRM are as
follows.

. Is to recognize the customers
. Acquire new customers
. Satisfy the customer needs

. Retain the profitable customers

In today’s fast growing business and also with the competitive
market growing rapidly, CRM is vital and necessary [8], [9] and
[10] states that CRM has both external and internal benefits.

[11] explains the benefits of CRM as follows

. CRM helps companies to better interact with their
customers because of the foreseen and near accurate data they have
of their customers. And companies provide a system that follows
and communicate with their customers regularly.

. CRM enables companies to have a better understanding of
their customers, as of how customers deal from their purchase
funnel to their sales.

. It also assists companies from letting their customers to
get lost or be forgotten through lost leads.

. CRM helps companies to know what are the risks or what
is trending and opportunities. These attributes that could pass
without anyone noticing and taking advantage of.

Mobile customer relationship management is a kind of customer
relationship application that is made to deal with executions,
operations and it should be assessed through the mobile platform.



It was predicted by Gartner (2014) that in 2014, the use of
mobile internet would overtake desktop internet usage. [4] predicted
that mobile CRM apps would grow by 500%. In some places,
already mobile traffic has grown to and has surpassed desktop
traffic. Research shows that in Europe less than 34% percent
companies are using the mobile CRM.

[4] also stated that the shipment of PC had declined in the third
quarter of 2013, and this is not only the case but rather it has been
dropping throughout the 2013 quarters.

[12] states that there are six advantages of mMCRM
. Increase sales values growth

. Reduce sales cycles

. Increase cash flows speed

. Gather information at the source

. Increase productivity

. Enhance insight

Mobile medium have no comparative alternative in the case of a
continuing dialogue between companies and customers). It is a
power powerful opportunity to reach customers, by giving various
ways for companies to plan and implement more advanced way to
communicate with their customers. They also allow high-speed
message delivery, high retention and low cost.

According to [13] CRM give users the following benefits

. It allows users have the latest and correct information to
their customers.

. Users have a lot of peace, in the sense that they expect
few or no calls at all as they have availability of real time access
and information.

. Sales people can manage a lot of things easily, they can
manage things online everywhere and anytime.

Mobile CRM has lots of benefits but the most important fields
were mCRM has its most influence are in; sales productivity, CRM
user adoption, sales effectiveness, timelier follow-up of leads or
improved lead conversion rates, gaining a competitive edge and
reducing the cost associated with sales staff turnover

[13] explains that if you want to succeed when using mCRM
then the best thing is to start by listing what necessary things you
want to achieve. It is important then to have a close view at these
few points.

. Internal buy-in — Since the sales teams are the people that
would use your mobile application, then must get internal buy-in
from sales force before you decide on implementing a CRM
application. And to achieve that you need to have external-in house
training on how to use the application.

. Provide the device — It is important that one should
provide the device to your sales force free. In summary you need
them and they go mostly for the free and the best. Providing the
device and also include the pre-installed application.

. Mobile app usability — Though it is almost impossible to
give the sales force a perfect usage without accessing their desktop,
one should try his outmost best to provide the essentials like email,
scheduling a meeting, updating contact information, etc.

[14] also gave some tips on how to succeed and they are as
follows

. Start with use cases — A sales person has lots of use cases
and they are in different forms depending on value, while the
contact center use cases are very few.
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. Consider ERP integration — Mobile CRM users have a
richer data experience when they have or use CRM systems that
have tight integration with ERP applications. “Enterprise resource
planning (ERP) is a business process management software that
allows an organization to use a system of integrated applications to
manage the business and automat many back office functions
related to technology, service and human resources”

. Use the mobile devices unique capabilities — To lure more
users, it is important that you use the unique qualities that are found
only mobile and not in desktops. Such unique capabilities like a
touch screen navigation and geo-positioning.

. Focus on the user experience — It is a well-known fact that
the PC and mobility operation should not be the same. You should
provide the users with an easier way to see and use things. Most
users are okay with a context form of view. One should make
information entry as automatic as it could be and the keystrokes
should be minimized.

3.

This study is about determining the weights of mCRM selection
criteria. In order to determine the mCRM selection criteria, a
survey was conducted on industry experts. After that the first four
has been taken as selection criteria which are: Quality, Cost, IT
Convenience, Cross Culture.

Methodology

Analytic Hierarchy Process is used in this study, which is one of
the multi criteria decision making methods that proposed by T.L.
Saaty in 1977. The analytic hierarchy process (AHP) is a
decomposition multiple-attribute  decision making (MADM)
method. It was developed by Saaty [15] (1977), who proposed a
method that can represent human decision making process and help
to achieve better judgments based on hierarchy, pair-wise
comparisons, judgment scales, allocation of criteria weights and
selection of the best alternative from a finite number of variants by
calculation of their utility functions [16].

AHP method has 4 main steps to apply. Process of normal AHP
is generated as follows;

1.  Representation of structure by a hierarchy.
2 Paired comparison between elements at each level.
3. Calculations of weight at each level.
[17]4. Priority of an alternative by a composition of weights

The second step of AHP is pairwise comparison of criteria.
There is a table that contains priority scale for the alternatives. This
table was generated by Saaty who developed AHP method. Pairwise
comparison table should be used by decision-maker to compare
alternatives.

Table 1: Pairwise Comparison Scale [15].

Importance | Explanation

Two criterion contribute equally to the
1 objective

Experience and judgement slightly favor one
3 over another

Experience and judgment strongly favor one
5 over another

Criterion is strongly favored and its
7 dominance is demonstrated in practice

Importance of one over another affirmed on
9 the highest possible order

Used to represent compromise between the
2,4,6,8 priorities listed above




The third step of AHP is about calculation of weight for each
level. The weights of the elements, which represent grade of
importance among each element, are calculated from the pairwise
comparison matrix. Firstly, values on each column of matrix are
summed and then, each value of the column is divided by
summation of matrix column. The results will give us the weight for
each level. The calculation of consistency ratio is also done in the
third step.

In order to apply the AHP methodology for determining the
weights of mCRM selection criteria a AHP survey was conducted
among the experts. After calculating the geometric mean of the
results and checking the consistency of the results the weights are
founded as follows:

Table 2: mCRM Selection Criteria Weights

Criteria w
Quality 0.13
Cost 0.50
IT Convenience 0.28
Cross Culture 0.09
Consistency Index ClI 0.0170
Consistency Ratio CR 0.0188

Since CR is smaller than 0,1 the results are consistent.

According to Table 2 cost and IT Convenience are the most
important criteria among others. Quality is more important than
Cross Culture.

It is specific in construction industry that there is a tough
competition among companies in order to finish the current projects
and take new ones. It is inevitable to be unsuccessful in
implementation of the mCRM project. Therefore, almost 80% of the
weight is from cost and IT convenience. If any mCRM vendor that
could not satisfy those needs, then mCRM Construction industry
project is going to fail

3.

In fact construction industry is a challenging one for mCRM
implementation because of its structure, complexity, volumes and
so on. In such industries, selection of the CRM is as hard as
implementing it. The aim of this study is just determining the
selection criteria and weighting them. The result is different from a
defense industry or strategic one case because quality is in the third
place and cross culture in the last one. Although the weights of the
criteria differ from strategic sectors it is so common in this case
because of the competitiveness of the industry cost is really a vital
parameter.

Conclusion
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Abstract: This article represents a review of good practices in crowdfunding. The subject is the opportunities which create conditions for
using the crowdfunding process by entrepreneurs and perspectives for implementation of this good practice in Bulgaria. The concept of
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1. Introduction

The development of markets and market relations leads to
enhanced competition and increased consumer demands, making
quality a factor in the success and survival of organizations. The
significance of the topic is central to discussions, research and
organizational activities in the field of manufacturing and services,
as a prerequisite for improving quality are the opportunities for
flexible financing of organizations (Angelova and Pastarmadzhieva,
2017). Despite the growing importance of crowdfunding, academic
research is still very limited and typically focused on understanding
the dynamics behind the decision on the form of crowdfunding to
adopt or engage in, and the characteristics of successful campaigns
(Mollick, 2014). Crowdfunding has become a key research trend in
recent years providing a new form of acquiring funding for
innovation projects from users prior to the realization of the product
in a 'market before the market' (A.Brem et.al., 2017).

The dynamically changing macroeconomic environment as well
as the conditions of the ongoing economic crisis put businesses in
the everyday need to ,fight for survival“, to be flexible, to respond
adequately to the newly created conditions and to constantly adapt
to them. This in turn implies seeking new forms of competitive
behavior strategically placed and helping not only to keep them on
the market but also to ensure their sustainable development.
Leaders, good practices, offering innovative solutions, achieving
innovations, delivering higher value to consumers are successful. In
the context of the above mentioned (and not only) the issue of
boosting competitiveness through innovation financial solutions
such as the crowdfunding process is becoming more apparent and
becoming an imperative for both business units and the economy at
national and global level.

The object of this report is the crowdfunding process and its
implementation in the Bulgarian business practice.

The subject is the opportunities which create conditions for
using the crowdfunding process by entrepreneurs and perspectives
for implementation of this good practice in Bulgaria.

The researcher’s thesis in this report is that the adequate use
and implementation of good practices and mechanisms for
crowdfunding by entrepreneurs is a condition for a successful
realization and future development and as a result providing a
competiveness of the Bulgarian economy.

The concept of crowdfunding in Bulgaria is mentioned a lot but
barely in the last few years can be observed the standing out of
pronounces examples and good practices. The appearance of
financial instruments for starting technological companies promises
to become an accelerator for the entrepreneur ecosystem in
Bulgaria. In the last years had been founded a lot companies that
produce for the global market. But this is just the beginning and
following the words of Brad Feld (a successful investor in
technological companies in the USA) in one of his books “to build
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well - functioning entrepreneur ecosystems every day must have a
vision about what must be done for the next 20 years” (Feld, 2012).

The predominant opinion is that in the middle of 2017 the
business climate in the country becomes better and the activation of
economy gives hope that Bulgaria starts to go out of crisis. In the
press and official sources more often appear hopeful statistic data
and macroeconomic analysis. The basic reason for that is the
ongoing reconstruction of Western Europe that influences Bulgarian
exportation to those countries.

2. What is crowdfunding?

Crowdfunding is a subject of growing interest for both scholars
and policy makers. Many studies in the literature have analyzed
crowdfunding market, participants’ motivations, benefits and
drawbacks, mainly on the basis of real user-experiences on the most
popular crowdfunding platforms i.e. M. M. Gierczak (2016),
Guidici et. al. (2013), J. Hemer (2011), etc. Crowdfunding is on the
rise: its volume grew 1000% in only three years and is about to
outpace worldwide venture capital spending (A. Hoegen, 2017).

While collective financing has a long history going back to the
18th century, crowdfunding is typically situated in the emerging
literature on crowdsourcing. Since the term emerged in 2006,
crowdsourcing has been of interest to industry and academics alike.
With the power of the Internet, it has been used by individuals and
organizations to efficiently outsource tasks to large undefined
groups of people (Howe, 2006).

It should be mentioned that interesting opportunities are offered
by the crowdfunding and this process is investigated by many
scientists who gave some guidelines to entrepreneurs for running a
successful campaign. Crowdfunding can be loosely defined as the
fundraising for a project or a venture by a group of individuals,
instead of professional parties (e.g. banks), usually taking place
online - without any intermediary or through dedicated platforms
(Schwienbacher and Larralde, 2012). It represents a promising
source of funding for many types of actors that do not find solutions
suited to their financing needs, mainly valuable for small and
medium enterprises (OECD, 2015). There are number of
investigations focused on this topic and should be mentioned the
approved good practices in Bulgaria.

Angela Mariani et. al. (2017) investigates a case study research
that explores the experience of the first wine-dedicated
crowdfunding platform, namely Fundovino. The crowdfunding
reward model, mainly in the form of pre-selling, represents a great
opportunity and is ideally suited for the wine sector since an
overwhelming majority of producers is represented by small
entrepreneurs that have difficulties in accessing other forms of
financing, but also because of some products and consumers’
specific features (Mariani et al, 2017).

Theodore Lynn et. al. (2017) investigates the network
characteristics of an issue-centred public on Twitter organised



around the hash tag crowdfunding. They examine the characteristics
of the crowdfunding public including the degree of connectedness
and prominence of sub-networks, and key brokers within these sub-
networks. Being the first study to examine the crowdfunding public
on Twitter, their paper provides original insights into the
characteristics of the crowdfunding public on Twitter.

Ajay Agrawal et. al. (2015) examines a crowdfunding platform
that connects artists with funders. Although the Internet reduces
many distance-related frictions, local and distant funders exhibit
different funding patterns. Local funders appear less responsive to
information about the cumulative funds raised by an artist. These
findings provide a deeper understanding of the abilities and
limitations of online markets to facilitate transactions and convey
information between buyers and sellers with varying degrees of
social connectedness.

Social media and the so-called ‘power of the crowd’ is being
used to solve problems for organisations through contests,
collaborative communities, crowd complementors and crowd labour
markets. For early stage start-ups, the combination of social media
and crowdsourcing is solving two problems — attracting external
finance and early-stage, often pre-product, customers (T. Lynn et al,
2017).

3. Investigation of the crowdfunding in Bulgaria

3.1. Good practices the
crowdfunding process

and examples using

The unclear regulations and restrictions over business are on
principle one of the basic enemies of the entrepreneurship. When
employees participate in organizational crowdfunding, they seek
partial funding from their existing social networks. Among
proposers of projects, teams with larger social networks tend to be
more successful in reaching their funding goals. In Bulgaria an
obstacle for developing of this environment is the lack of personnel
as well as the lack of entrepreneur culture. It’s necessary the
creation of positive examples for entrepreneur’s image
improvement in the country together with building the idea in
owners for the opportunities that crowdfunding provides.

The current economic and financial crisis mostly come to the
fore the key meaning of entrepreneur activity that is expected to be
an engine of the economy revival and society as a whole including
their post crisis development. The global economic history gives a
lot examples how people’s willingness to create and manage own
companies taking a definite risk is a basic force of economics’
revival after depressions and crisis. The current crisis puts the
entrepreneur culture, sense and behavior of the humanity using such
challenges but in a new more complicated and specific context.

While the literature offers a detailed and comprehensive picture
of decision-making for traditional startup financing or bank loans, it
does not provide a holistic understanding of decisions to invest in
crowdfunded ventures (A. Hoegen et. al., 2017).

Crowdfunding changes the way of thinking, transforms the way
people exchange their products and in practice it changes
everything that needs good financing. It should be investigated how
crowdfunding impacts constituent dimensions of user innovation
theory such as user motivation, user role, user community,
collaboration between users and user investments. In the last years
are observed many websites that propose different aspects of
crowdfunding. These websites can be divided into two basic
subgroups: donation-based funding site and investment-based
funding site.

The donation-based funding sites are focused in donations for
creative and innovative companies. These sites do not bring any
kind of profits or share for the investors. Usually the funders receive
different kinds of rewards or discounts according the level of
particular financing. This crowdfunding is used when you need fast
gathering money for the idea.
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The investment-based funding sites receive financing in
exchange of stocks or share incomes of the company or
organization. In this case the funders are determined as investors.

The most famous and trusted crowdfunding websites are:

1. www.kickstarter.com

It is one of the pioneers in the crowdfunding process. This is the
most famous donation-based funding site that gives an opportunity
for fast gathering funds for personal art projects. Kickstarter helps
artists, musicians, filmmakers, designers, and other creators find the
resources and support they need to make their ideas a reality. Tens
of thousands of creative projects — big and small — have come to
life with the support of the Kickstarter community.

2. www.indiegogo.com

It gives crowdfunding opportunities for personal needs, to find
clever and unconventional things that solve everyday problems
large and small. By giving entrepreneurs everywhere a platform to
launch new and groundbreaking products, this website helps surface
innovations in tech, design, and much more, all before they go
popular.

3. www.gofundme.com

Gofundme is a personal fundraising website based upon
crowdfunding for family and friends. The campaign can be
published in social media like Facebook, Twitter, etc. and the
company’s motto is “Crowdfunding for everyone”. Launched in
2010, GoFundMe is the world’s largest social fundraising platform,
with over $5 billion raised so far. “With a community of more than
50 million donors, GoFundMe is changing the way the world
gives”.

4. https://quirky.com/

Quirky is suitable for financing of different technological and
IT inventions. It is a free community-led invention platform that
brings real people’s ideas to life. This websites provides a good start
for young researchers who wish to realize their innovative projects.
Quirky makes inventing and selling products possible by pairing
inventors with product designers and big manufacturing companies
that can bring their ideas to life.

5. www.crowdfunder.com

Crowdfunder has the largest investors net in crowdfunding.
Through access to capital and education, they empower thousands
of entrepreneurs to grow high-impact ventures. Crowdfunder is the
equity crowdfunding leader for sourcing and funding high-growth
ventures with a network of over 130,000 entrepreneurs and
investors. Crowdfunder and its VC Index Fund provide the
opportunity for direct online investment into single ventures, as well
as diversification into a broad VC-led portfolio (Index Fund) of
early-stage startups - backed by many of the world’s leading
Venture Capital firms and private investors. It includes
$160,000,000 investment commitments on the platform; 12,000
individual and institutional investors; 36,000 companies; funded
100+ deals at an average deal size of $1.8M.

6. www.investedin.com

INVST is an invite only investment platform for sophisticated
accredited investors to invest in institutional quality deals. Utilizing
proprietary social technology, INVST streamlines and amplifies the
capital introduction process while offering relationship, tracking
and deal management tools for fund managers, third-party
marketers and investors. The entrepreneur can launch a custom
crowdfunding platform in minutes. It provides everything to run a
successful crowdfunding company.

Z. Wu (2017) presents a model to study market incentives of
crowdfunding platforms’ optimal information reporting strategy
when there is uncertainty on projects’ returns. In the report she finds
that under certain conditions, the potential competition from a new


http://www.kickstarter.com/
http://www.indiegogo.com/
http://www.gofundme.com/
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entrant gives the incumbent crowdfunding platform an incentive to
bias the information on borrowers’ risky projects. However, the
uncertainty resolution provided by a third party (e.g., regulator,
media) could reduce the incentive.

One of the best examples for a company that had used
crowdfunding in Bulgaria is Oculus Rift — after they had been
rejected by the traditional financial services they publish their
campaign in Kickstarter, gather financing for a very short time and
start business development that as a result becomes very successful
and they sell the company for a lot of money (lv.Ivanov, 2017).

3.2. A focus in crowdfunding problems

The investigations in the field of crowdfunding give opportunity
for gathering a correct idea of the problems in front Bulgarian
entrepreneurs. The negative influence of crisis can be generalized in
the next fields:

- Little is known about the consequences of participation on
employees' social networks, during and after the crowdfunding
campaign;

- A lack of courage and positive examples in the society for
achieving success by crowdfunding that falls down the motivation
level;

- A lack of information about the crowdfunding process;

- A difficulty in finding a support by the organizations and the
lack of a regional based center for financing innovation ideas.

In a study of Michael Muler et al (2018) of activity logs and
social networks from a wvery large scale organizational
crowdfunding campaign, is found that people in different
crowdfunding roles experienced different degrees of growth in their
social networks, during and after the crowdfunding campaign, as
compared with baseline nonparticipants.

Many researchers argue that crowdfunding platforms may give
rise to a more widespread occurrence of user entrepreneurs, who
found a firm to commercialize their product or service in a
marketplace they have created for their own need (A. Brem at.al.,
2017). Hence, they show the development from traditional user
innovation to crowdfunding-enabled user innovation, which
democratizes not only the creation but also the more large-scale
commercialization of new products and services.

4, Conclusion

The economic crisis in Bulgaria affects almost all economic
operators and sectors in the country because the market
compression had a negative influence over the business and
entrepreneurship activity. Together with this the crisis creates also
many opportunities which can be used by people with entrepreneur
potential like crowdfunding but it’s necessary the country to create
conditions for raising the entrepreneur’s activity and to support
enterprises that create additional value in economy. The ratification
and assistance of current and future entrepreneurs is a basic
mechanism for reviving the Bulgarian economy and put the
foundation of after crisis development. The underestimation of
innovations and the necessary competencies in entrepreneurs and
managers obviously will slow down the Bulgaria’s going out of
crisis. Even more, it will be missed the opportunity for laying a
stable foundation of the successful and sustainable competitive post
crisis development especially because the fact that is not observed
the identification of new post crisis entrepreneurs. It’s deeply
noticed the lack of a strategy and support for financial innovations
like crowdfunding that provide to start-ups in Bulgaria a fast way
for realizing their ideas. Precisely they can be the development
engine uniting technical and business skills, abilities for taking
risks, avoiding mistakes and drawing lessons from the current crisis.
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1. Introduction

Undoubtedly, risk management is an important and increasingly
common element of an enterprise's functioning, as it relates to a
broad spectrum of its activity. It guarantees the improvement of
safety, the ability to foresee the consequences of hazards, and the
proper decision-making and strategic planning. Moreover, risk
management helps with recognizing the whole area of the
organization's activity, monitoring hazards and preparing for the
occurrence of crisis situations in the company. Risk management
determines the weaknesses and strengths of an enterprise, which
enables its continuous improvement.

The risk management process comprises several stages: the
definition of the activity context, the identification, analysis and
assessment of the risk and the response to the risk, along with
continuous monitoring and communication [8,11].

The determination of the context is to indicate the main targets
and objectives of an entity, for which the hazards are being
considered, and to establish all circumstances of the functioning of
the process. The identification involves the establishment of the
actual or potential hazards, their causes and effects, and the subjects
and objects affected by the hazard. Risk analysis relates to the
selection of the appropriate risk measurement method that uses the
parameters of the risk (in the study, the value of probability, effects
and exposure has been determined). In turn, the job of risk
assessment is to establish the actual risk level and then to select the
appropriate variants of actions [9, 11].

In a modern enterprise we deal with the examination of the level
of different risk types: production, financial, commercial, legal,
technological, innovation-related, etc. An interesting concept, on
the other hand, is also the practice related to the assimilation of risk
assessment in the production process for specific process operations
and individual tasks performed in conjunction with them. This is a
new look at the hazard of the entire production process (being
useful during the implementation of new technologies,
transformation of the production line and development of the job-
stand instruction), as well as in the context of the Health Safety of
employee work.

The production process is an ordered sequence of activities,
as the result of which the consumer obtains products
and services. This is part of the production system and comprises:
technological operations denoted conventionally with the symbol of
a circle; storage operations (triangle); control operations (square);
and transport operations (arrow) [1].

The book production process constitutes part of the production
system. Therefore, in order that it could be carried out, input
elements, such as materials, utilities, fixed assets, information and
personnel, are needed. The output product is a book with
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appropriate utility, economic, natural, ergonomic and technical
features, as well as waste material and impurities. In the printing
and publishing process, all factors that constitute potential hazards
to it (i.e. production materials, such as adhesives, paints and
solvents that could be hazardous, or e.g. noise emitted by
machinery, which is a by-product of the process) should also be
taken into account.

The paper is focused on the book production process, though,
obviously, printing companies deal with the manufacture of various
products and their product-range variety is constantly expanding.
Therefore, the printing and publishing industry in Poland is
developing vigorously and dynamically. Indeed, an increase in
demand for its products and an increased employment in this
industry have been observed in recent years. In terms of its
revenues, the Polish printing and publishing sector remains the
largest sector in Central and Eastern Europe and is placed eighth in
the European Union. Currently, almost 8800 printing businesses are
active in Poland [7, 10].

2. Prerequisites and means needed to solve the

problem

The book printing and publishing process is composed of three
phases: printing preparation (pre-press), printing and bookbinding
and shipment activities. From among them, six operations were
selected, for which risk assessments were made.

In order to make risk assessment for the production process, it
was necessary to perform the following activities for its individual
tasks and operations:

= establish the individual operations of the production process
and to define their types (using conventional symbolism);

= identify potential hazards and to determine their effects
(technical, commercial, outer factors-related and information
safety-related hazards);

= make a risk analysis using the indicator (risk score) method
using three risk parameters: probability, exposure and effects;

= perform the proper risk analysis of the identified production
process hazards;

= select the means of control (preventive and control actions,
collective, individual, technical, organizational and legal
measures) for hazards characterized by the highest risk level,
and

= develop conclusions and recommendations.



The

risk assessment

for individual

production process

operations was made based on the printing and publishing process
of a selected printing company active on the Polish market.

3. Risk assessment for the book production process

Table 1 shows selected operations of the book printing and
publishing process, the identification of risks and their potential

effects.
Table 1: Identification of risks for individual phases of the book production
process

Phase/ Risks Effects
Operation name/
Pre-press a. accidental disclosure disclosure of

and/or loss of information information and data

1. editing b. computer viruses to unauthorized
2. matrix- c. hardware failure people, no material
moulding d. harmful radiation from available for editing,
3. making hardware extended working

printing formes

e. mains failure
f. UV radiation
g. contact with chemicals

time, repair and
service costs,
excessive exposure,

6. pressing

7. glueing

9. book bulk
trimming

10. setting
individual cover
elements

11. book back
forming

12. book cover
stamping

13. suspending
book bulk into
the cover

14. book bulk and
cover inspection
15. pressing

16. jacket folding
and putting on
17. transporting
to the packing
stand

18. packing into
packets

20. transporting
to the finished
product storage

o=

employees loads

f. confined space

h. collapse of a building or a
structure part

h. traffic accident

i. incorrectly designed fire
protection

j. no fire-fighting equipment
available at the proper
distance from the job stand
and at the adequate quantity
k. no active safety system

. falling objects

1. radiation

m. stress and working under
time pressure

n. dustiness, chemical
vapours, liquids and gases
0. electrocution

p. microclimate

r. water-pipe network failure
s. mains failure

t. inadequate lighting

u. traffic accident

w. surface configuration
hazards (difference in levels;
slippery, uneven surfaces)
y. poor working ergonomics
x. faulty production/run,
excessive spoilage

z. working alone

chemical effects on
human body, filling
unwell, accidents at
work, infrastructure
damage, material
losses, power
outages, traffic
disruptions,
prolonged threat
response time, added
production costs,
work disruption and
destabilization,
extended working
time

</ h. mechanical, machine-in- harmful effects of
motion hazards chemicals on human
i. stress and working under body, poisoning,
time pressure feeling unwell,
J. inadequate lighting fractures, bruises,
k. static and dynamic crushing, pricks, cuts,
employee loads inefficient employee
work, working
discomfort, body
function disorders,
power outages
Printing: a. harmful radiation working discomfort,
b. contact with chemicals body function
1. pre-press c. noise disorders, fractures,
proofing d. vibrations bruises, crushing,

2. run printing

3. quality control
during printing
and making
corrections

o

e. electrocution

f. mains failure

g. mechanical and machine-
in-motion

hazards

h. inadequate lighting

i. surface configuration
hazards (difference in levels;
slippery, uneven surfaces)
j. no procedures and
machinery instruction
manuals translated into the
native language

k. static and dynamic
employee loads

1. changing microclimate

1. confined space

m. water-pipe network
failure

n. poor working ergonomics
0. working alone

p. machine/equipment failure
r. stress and working under
time pressure

s. dustiness, chemical
vapours and gases

t. room or building structure
collapse

u. faulty production/run,
excessive spoilage

pricks, cuts,
electrocutions,
burning, dislocations,
spraining, allergies,
overexposure, vision
impairment, harmful
chemical effects on
human body, filling
unwell, accidents at
work, infrastructure
damage, material
losses, power
outages, prolonged
threat response time,
added production
costs, work disruption
and destabilization,
communication
problems

Source: The authors' compilation based on the data obtained from the

enterprise

Table 2 shows the risk analysis of the identified book
production process risks using the risk score method that makes use
of three risk parameters: probability, exposure and effects. The
description of the method provided in Tables 3 through 5,
respectively, was used for this purpose. Table 3 provides the
description of the exposure along with values assigned to it. The
description of probability together with its values is given in Table
4. Whereas Table 5 shows the description and values of effects for
the selected method.

Table 2: Risk analysis of the identified printing and publishing process risks

Bindery
and shipment:

1. transport to
bindery

2. cutting

3. folding

4. transport to
stitching

5. thread sewing

a. fire

b. explosion

C. noise

d. vibrations

e. mechanical and machine-
in-motion hazards

d. hazards involved with non-
routine repairs of machines
and their parts

e. static and dynamic

working discomfort,
body function
disorders, fractures,
bruises, crushing,
pricks, cuts,
electrocutions,
burning, dislocations,
spraining, allergies,
overexposure, vision
impairment, harmful

No. Risk P E S W
1. fire 0.2 15 9
2. explosion 02| 3 15 9
3. noise 10 6 1 60
4. vibrations 10 6 1 60
5. mechanical and machine-in-motion 6 6 7 252
hazards
6. hazards involved with non-routine 05] 2 3 3
repairs of machines and their parts
7. static and dynamic employees loads 1 6 1 6
8. confined space 3 6 1 18
9. collapse of a building or a structure 01| 05| 40 2
part
10. | traffic accident 1 ]105] 15 75
11. | incorrectly designed fire protection 01]05]| 7 0.4
12. | no fire-fighting equipment availableat | 0.1 | 0.5 | 7 0.4
the proper distance from the job stand
and at the adequate quantity
13. | no active safety system 051 1 7 35
14. | falling objects 6 3 3 36
15. | radiation 10 6 1 60
16. | stress and working under time pressure 1 3 1 3
17. | dustiness, chemical vapours, liquids 6 6 3 108
and gases
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18. | electrocution 6 6 3 108 Table 6: Risk assessment of the identified production process risks along
with control mechanisms
19. | microclimate 1 3 1 3
Risk Risk Control mechanisms
20. water-pipe network failure 02105 3 0.3 number assessment
5T | mains failure 051051 3 075 1. acceptable Control recommended
22 | inadequate lighting 3 6 1 18 2. acceptable Control recommended
23. | surface configuration hazards 6 6 3 108 3. Low Control needed
(difference in levels; slippery, uneven 4. low Control needed
surfaces)
24. | accidental disclosure and/or loss of 1 105 3 15 5. high Immediate risk mitigation is required. The
information use of the LOTO system, installation of
25. | computer viruses 6 6 3 108 proper shields, provision of job stand
training, adherence to safety instructions,
26 | hardware failure 6 2 3 36 translation of instruction manual into
- native language, proper maintenance of
Source: The author’s study machines and frequent inspection of
machinery and equipment are needed.
Table 3: Estimation of the parameters of exposure to risks in the risk score 6. acceptable Control recommended
method _ 7. acceptable Control recommended
E- exposure to the risk
Value E Exposure description 8. acceptable Control recommended
10 Permanent exposure 9. acceptable Control recommended
6 Frequent (everyday)
3 Once a week 10. acceptable Control recommended
2 Once a month
1 Several times a year 11. acceptable Control recommended
0.5 Rare (once a year) 12. acceptable Control recommended
Source: [2, 6]
13. acceptable Control recommended
Table 4: Estimation of the probz_iblllty parameters in th_e_nsk score method o Tow Control needed
P - risk occurrence probability
Value P Description Chance Probability 15. low Control needed
in %
10 Very probable 50 0.5 16. acceptable Control recommended
6 Quite probable 10 0.1 — - T T -
- 17. significant Risk mitigation is required. Adequate
3 Practically 1 0.01 o . L
possible ventllatlo'n and air conditioning, personal
L Litde o1 0001 foves, etc), measurementsof noxious
probable, though g , etc.), I [
possible agents at wprk stations ang eijxtractlon
05 Only sporadically 0.01 0.0001 — _____cduipmentareneeded. ___
possible 18. significant Risk mitigation is required. The inspection
02 Thinkeble 0001 0.00001 " faining, ollowingthe sictly defined
01 Theggitilbclzlly 0.0001 0.000001 procedures and taking measurements using
S 56 P a mains parameter measuring instrument
ource: [2, 6] are needed.
o . . 19. acceptable Control recommended
Table 5: Estimation of the effect parameters in the risk score method
S - possible risk effects 20. acceptable Control recommended
Value S Estimated Human losses Material losses
losses 21. acceptable Control recommended
100 Severe disaster Numerous fatalities Over 30M ZzI 27, acceptable Control recommended
40 Disaster Several fatalities 10-30M ZI 23. significant Risk mitigation is required. Install guard
rails, provide job stand training, maintain
15 Very large One fatality 300K — 1M ZI tidiness, wear suitable protective shoes,
employ anti-slip protection, logistic
7 Large Serious injuries 30— 300K ZI solutions, industrial lining
24. acceptable Control recommended
3 Medium Absence from work 3-30KZ| 25. significant Risk mitigation is required. The protection
1 Small Offering first aid Below 3K ZI of services, software, communications,
data storage media safeguarding, personal
Source: [2, 6] safety and data protection (locks,
passwords, information and data encoding)
The main stage of the studies presented in this paper included are needed.
the risk assessment of the identified risks to the printing and 26 low Control needed

publishing process along with control mechanisms (corrective and
preventive actions) assigned to them. This assessment is illustrated
by Table 6 based on the risk categories presented in the risk score
method (Table 7).

Source: the author's study

20




Table

7: Risk assessment — risk categories in the risk score method

Risk - R
Value Category Preventive action
At most 20 Acceptable Control recommended
At most 70 Small Control needed
At most 200 Significant Risk mitigation required
At most 400 Large Immediate risk mitigation
required
Over 400 Very large Work withholding

Source: [2, 6]

3. Conclusions

To sum up the discussion of the risk assessment of the printing

and

publishing process under consideration, the following

conclusions can be drawn:

the pre-press phase of the book printing of publishing process
comprises chiefly technological operations, while the printing
phase relies both on technological and control operations. In
the bindery and shipping phase, on the other hand, we deal
with both technological, control and transport operations. So,
in the technological process under investigation, operations
that are characterized by the highest risk concern mainly the
printing and bindery phases;

a risk type that most often occurs in the printing and
publishing process, in all its phases, includes risks associated
with mechanical and chemical hazards, as well as radiation,
noise and vibrations;

the highest probability of occurrence is exhibited by hazards,
such as noise and vibrations. The greatest risk exposure
applies to: noise and vibrations generated by machines,
mechanical and machine-in-motion hazards, dynamic and
static loads, radiation, confined space, motion, dustiness,
chemical liquids and gases, electrocution, inadequate lighting,
surface configuration hazards (difference in levels; slippery,
uneven surfaces) and information safety hazards, chiefly
computer viruses. Whereas, the risks characterized by the
largest material and human losses are: the collapse of a
building or a structure part, fire, explosion and a traffic
accident;

the highest risk level of all the identified risks applies to
hazards, such as (high risk) mechanical and machine-in-
motion hazards. A significant level, on the other hand, was
assessed for the following risks: dustiness, chemical vapours,
liquids and gases, electrocution, computer viruses and surface
configuration hazards (difference in levels; slippery, uneven
surfaces);

using control mechanisms is necessary at both high and
significant risk levels, while at the remaining levels, the
control is either needed or recommended. Therefore, from
among the preventive and control actions, the following
individual, collective, organizational, legal and technical
measures are recommended to be used: the LOTO system,
proper shields for machinery and equipment, job stand
training, adherence to safety instructions, translation of
instruction manuals into the native language, the proper
maintenance of machines, frequent inspection of machinery
and equipment, guard rails, maintaining jobs station tidiness,

using relevant logistic solutions, anti-slip protection,
information protection, personal safety, adequate room
ventilation and air conditioning, or noxious factor
measurements;

the risk assessment of a production process should be made
cyclically, especially with the aim of verifying the
effectiveness of control mechanisms used (so-called residual
risk), each time after process changes, job station rotations, or
the implementation of innovative solutions.
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EXPLORING THE IMPACT OF IRRIGATION TECHNOLOGIES ON THE YIELD OF
HYBRID SUNFLOWER VARIETIES

R. Kireva, V. Petrova - Branicheva, M. Mihov
Institute of Soil Science, Agrotechnology and Plant Protection N.Pushkarov, Sofia

Summary: A Polish experience with 10 hybrids of sunflower field was made on the Chelopechene Field, Sofia, on cinnamon forest soil.
Sunflower hybrids are grown under non-irrigating conditions and under irrigation conditions with drip irrigation and microwaving.
The meteorological conditions during the study period determined the number of irrigations and the size of the irrigation and

irrigation norms of the culture.

It has been found that the yields obtained under irrigation conditions are higher than 13 to 46%, with drip irrigation giving better results

than sprinkling.

The Maritsa, San Luka and A58xC23 hybrids have been shown to be suitable for growing in non-irrigated conditions, while the

hybrids "Vokil", "Michaela" and "Maritsa" hybrids are irrigated.

KEY WORDS: SUNFLOWER, IRRIGATION, YIELD, IRRIGATION REGIME, DRIP IRRIGATION, MICRO IRRIGATION.

Introduction

The changing conditions in agriculture as a result of the onset of
climate change require adaptation of varieties and traditional
technologies for growing sunflower with limited resources,
including water.

The change in the overall technologies of agricultural production,
in accordance with the new conditions and needs of the
agricultural crops, also requires the use of water-saving and
energy-saving irrigation techniques and technologies appropriate
to their type and parameters and adapted to the biological needs
of agricultural crops

The good dry resistence of the sunflower allows us to grow in
irrigated conditions in our country. Its ability to overcome soil
and atmospheric droughts is due to its biological features - high
power and plasticity of the root system, xerophilic construction
of the leaves and the stem. At the same time, the sunflower is
sensitive to moisture, it responds very well to irrigation, and
droughts, especially in the critical phases, lead to a drastic
reduction in yield and severe deterioration in its quality. Under
very unfavorable conditions, even a lack of yields is possible in
Some years.

Cultivation of crops under non-irrigated conditions is a
prerequisite for allowing water stress during most of the
vegetation period, which is the reason for the reduction in yield.
(Hang, A.N., D.W.Evans, 1985).

Critical in regards to water stress is the period 20 days before and
20 days after flowering (Putnam, D.H., E.S. Oplinger, D.R.
Hicks, 2007). Critical phase lunches provide an average of 79%
of the optimal yield (but the range of variation is great - from 47
to 98%), (Mehandzhieva, A., R. Lazarov, 1978). According to
(Duane, R.B. 2003), a 20% reduction in the irrigation rate during
this phase leads to a 50% reduction in yield, with the yields
deteriorating sharply. The same reduction in the initial "sprouting
- inflorescence" phase yields only a 5% reduction in yield.
Research (Angelova, M., 2003) found that from the emergence to
the flowering of the sunflower, 26% of its wateruse is at the
expense of autumn-winter reserves in the soil layer. The sum of
the monthly precipitation during the autumn-winter, spring and
summer periods (August inclusive) has a positive effect on the
yields of sunflower. (Stoyanova, Y. et al., 1977). The results of
the research in the Plovdiv region (Tachsin, 2006) show that the
productivity of a number of modern sunflower hybrids is not
different from that established for other regions of the country.
Irrigation has a large reserve to obtain extra yields of the order of
30-40% (Mihov, lv. 1972.). In the Sofia field, 450-500 kg / dka
sunflower seed was obtained by spraying (Kraftti, G.)

The development of new hybrids of sunflower is also a potential
for obtaining high yields. Their adaptation to the diversity of soil
and climatic conditions of our country and the climate change in
the modern climate is insufficiently explored. This calls for field
trials to clarify the possibilities for growing these hybrids in
different regions of the country and to realize their productive
potential under irrigation conditions.
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In the implementation of the project "National Program for
Improvement of Dry Resistance and Cold Resistance of
Important Agricultural Cultures”, subproject "Sunflower", on the
territory of the experimental field of IMM in Chelopechene,
Sofia there were experiments on the impact of water-saving
irrigation technologies (drip and microworld) yields of new
hybrid varieties of sunflower crops and assessing their drought
resistance.

Main objective: To investigate the influence of the main
irrigation technologies (drip and micro irrigation) on the growth,
development and formation of yields in hybrid varieties of
sunflower crops, in the soil and climatic conditions of the Sofia
field.

Methodology of research

The researches were carried out in the field of experimentation of
the Institute of Meliorations and Mechanization - Chelopechene,
Sofia. The determination of sunflower productivity in non-
irrigated and irrigated conditions was carried out according to
developed and approved methodologies of IMM. The experience
was set in three replicates of 12.5 m2 plots. Each iteration
covered 2 lines x 25 nests from each hybrid. It is produced with
hybrid varieties of cultural sunflower: "San Luca", "Maritza",
"Michaela", 217 "s244R," Vokil ", A125xRHSP-1R, 134AxC6,
2607AxC23, A125xC37, A58xC23 under the conditions of the
fourth agglomeration group of the irrigation areas, in particular
on the Sofia field (Fig.1 and Fig.2).

Agrotechnics

The cultivation of the crop was carried out at a standard
agricultural equipment: sowing - 18-21 April; precursor - wheat;
sowing scheme: 0,70 m (line spacing) x 0,35 m (distance
between the nests inside the row); soil treatments: autumn deep
plowing at a depth of 0.25 - 0.28 m, discovery, spring pre-sowing
treatments, fertilization with phosphorus and potassium - P1oKjo;
feeding with Ny, The experience was brought to leavened
leptosol. It is characterized by the following water and physical
properties: FWD - 20.2% relative to the absolute weight of the
soil, volume density at FWD - 1.54 g / cm3 and wetting 10.38%
by weight of the absolutely dry soil.

To monitor the dynamics of soil moisture, soil samples
were taken and the size of irrigation norms was calculated.

Phenological observations and biometric measurements
were performed during vegetation.

Reported parameters: 1) The occurrence of
phenological phases - germination, budding, flowering,
physiological maturity, technical maturity; 2) Biometric

indicators - plant height, diameter of the cake in technical
maturity; 3) Yield: seed weight of one plant and weight per 1000
seeds, seed yield per unit area.



Fig. 1. Experimental plot with drip irrigation system.

Irrigation

During the sprinkling, pre-irrigation humidity (PIH )in
the soil is maintained - 80% of the PIH, and 85% of the PIH in
drip irrigation. Irrigation standards are calculated using the
following formula:

M :10H0{(0'{7HB — o )

Where:

M is irrigation norm [mm]

H - the depth of the active soil layer [m]

a- the bulk density of the soil [g/cm®]

0;7173 - marginal land moisture [% of absolute dry
weight of soil]

IIp.6n.
Or - soil humidity at the corresponding pre-

irrigation humidity [% of absolute dry weight of soil]

In drip irrigation variants, an irrigation rate reduction
ratio is used in accordance with the sowing scheme.

The sprinkling irrigation was realized through seasonal stationary
"Water Bird" system with the following parameters: polyethylene
pipes @20 mm, spray nozzle radius 3.0 m, working pressure 2-
2.5 atm, intensity 7.1 mm / h. With a sprinkler arrangement of 3.0
x 3.0 m, the system's flow rate is 0.32 I.

Drip irrigation is accomplished through Aqua Trax seasonal
system: 8 mm wall thickness of the seasonal pipeline, 16 mm
perforated by 0,20 m, working pressure 0,7-1,0 atm, flow 0,87 | /
h . The pressure in the irrigation systems is regulated by a
pressure regulator and the amount of water supplied is measured
by automatic water meters.

Meteorological conditions for 2009

The management of the irrigation regime in a particular
year depends on the dynamics of meteorological factors - rainfall,
air temperature and air saturation with water vapor. Their
manifestation, coupled with the transpiration features of crops,
determines the speed and dynamics of depletion of the productive
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Fig. 2. Experimental plot with micro
irrigation system.

water supply in the soil. Timely compensation of the water deficit
and the satisfaction of the needs of the crops with water is a
prerequisite for obtaining the planned yields and profitability of
the agricultural production, especially in the current conditions of
warming and drought.

The coverage of rainfall for the period April -
September (392.9 mm) in the series 1901 - 2009 is 27.2% and
characterizes the vegetation period as a moderately humid (Table
1). The rainfall for the April-September vegetation period is 26.4
mm or 7.0% higher than the average for the period 1901-2009.
Fallen rainfall during crop vegetation is unevenly distributed,
which has led to watering in the critical phases of sunflower
development. The July-August period when the flowering and
pouring of the grain in the sunflower is wet with a 5.45% yield,
favorable to the development of the crop. The precipitation
amount for July is 77 mm (Table 1 and Fig. 3), close to the
precipitation values for the average long-term for the period
1901-2009, and in August the rainfall is of the order of 128 mm,
which are 50 mm more than average. During the buttoning until
the flowering, the inflorescence and the number of seeds, the
rainfall was insufficient for the development of the crop, which
caused the need for irrigation. The April-June period is dry with a
guarantee of 82.7%. The May-June period is also dry with a
guarantee of 78.8%. The sum of rainfall in June is 47 mm, which
is 34 mm less than the average for the same period. In Fig. 4
shows that precipitation during the sunflower growing season is
mainly during the first and second ten days of July, as well as
during the first and second ten days of August.

Air temperature and water vapor saturation rate
influence the rate of lifecycle processes of the plant. Temperature
conditions during the 2009 sunflower growing season are
unfavorable to the growth and development of sunflower. The
temperature sum for the period April-September (3228,2°C)
characterizes the year as very warm with a guarantee of 19,2%
(Table 2). The July-August period is on average warm with a
provision of 37.1% (Table 2). Temperatures during the months
from April to September exceeded the average for many years,
from 3.9% to 7.2%, with the largest excess being observed for
May. Month July is colder with a deviation below the average for
the 108-year period a sum of -1.6%.



Table 1. Amounts of rainfall and air temperature by months and deviations from the average for the period 1901-2009.

Amounts of rainfall. mm Sum of average day an((iznlght air temperature,
N Month Average for Deviation Iromhthe average for Deviation Iromhthe
2009 the period average for the the period average for the
period 2009 period
1901-2009 mm % 1901-2009 °C %
g | A 285 505 22 | -436 | 3263 3125 138 44
2 May 58,5 76,6 -18,1 -23,6 502,5 468,9 33,6 7,2
3 June 47,0 80,8 - 33,8 -41.8 586,3 555,2 31,1 5,6
4 | 771 61,9 152 245 641,3 652,1 108 | -16
5 | August 128,0 49,6 784 158,0 655,7 630,9 24,8 39
g | September 538 471 5,9 125 516,5 4896 26,9 55
April-
392,9 366,5 26,4 7,2 3228,6 3109,2 119,4 3,8
September
Total
May-September | 364,4 316,0 48,4 15,3 2902,3 2796,7 105,5 3,8
Table 2. Provision of meteorological factors for 2009
Periods Provision of air temperature % Provision of rain in
%
April - September 19,2 27,2
May - September 21,2 19,2
April - June - 82,7
May - June - 78,8
June-August 27,2 -
July August 37,1 5,4
OApril 2009 and
120 average for 1901-
2009
100 B May2009 and
average for 1901-
2009
80 1 — EJune 2009 and
i average for 1901-
‘ _ 2009
60 ~ OJuly 2009 and
2 i = | average for 1901-
40 : 2009
. M august 2009 and
& average for 1901-
20 T T - T T T 2009
sontomhar 2000
v \% \| VIl VI IX

Fig.3 Amount of rainfall by months for 2009 and average for the period 1901-2009
m - monthly for 2009 r. - average for period 1901-2009 r.
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Fig. 4. ainfall for ten days for April-September 2009
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Fig. 5. The sum of the temperature by months for 2009 and on average for the period 1901-2009
- average for period 1901-2009 r.

m - monthly for 2009 r.

Results and discussion

Phenological development
The sowing of the sunflower in the Chelopechene - Sofia field
was done manually on April 16th. The mass sprouting for this
region is reported on May 11-13, and the buttoning on June 16-
17. The flowering of the plants began on July 1-2, and the mass
flowering of all hybrids occurred during the period 6-13 July,
first beginning the flowering of the hybrid "San Luke", followed
by hybrids "Maritsa", "Michaela", "AS58xC23 ". Later, the
hybrids "2179x244R", "2607AxC23" and "A125xC37" bloomed.
The harvesting of the hybrids takes place between September 15-
16. (Table 3).

Ta6smmua 3. Phenological development

Stage of Date of onset Days from the
development beginning of the
vegetation
Sowing 16 April 0
Sprouting 11 may 26
Budding 17 june 63
Mass bloom 13 july 89
Harvesting 16 september 154

Watering and irrigation regulations
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The need for humidity of plants changes during vegetation. The
irrigation period for Sofia region for 2009 covers the time from
the second ten days of June to the third ten days of July. The
amount and timing of the irrigation depends on the quantity and
distribution of precipitation during the vegetation period, the
water and physical properties of the soil, the needs of the water
culture and the dynamics of the weather factors.

Sunflower sprouting begins in the first ten days of May
(May 10-11 and by the second ten days of June there was enough
moisture from precipitation for the normal development of the
crop.) At the end of the first ten days of June due to lack of
precipitation the first watering was filed on June 10. During the
next phase of "budding", two more irrigations were made during
the second and third ten days of June (17-20 June), as the rainfall
was insufficient.

Despite the fact that the year is moderately humid, the
uneven distribution of precipitation during the growing season is
the reason for the decrease of the moisture in the soil through the
critical phenophase "mass blooming", the developing of the
grain, which gave rise to the necessity of irrigation. During this
period, 2 irrigations with an average irrigation rate of 35 mm
were used for the drip irrigation in the period (July), and for the
micro-irrigation - one irrigation with an average irrigation rate of
40 mm. They were submitted for the period 23-29 July. (Table
4).

Evapotranspiration
In non-irrigating conditions, the size of the evapotranspiration
depends on the meteorological complex and on the natural water



supply of the sunflower, and in irrigation conditions - soil Evapotranspiration values for drip irrigation and micro irrigation

humidity, rainfalls and irrigation rate. are about 407 and 402 mm respectively. The rainfall is 57%, and
The natural moisture evapotranspiration (non-irrigation) in the the irrigation rate provides 43% of the evapotranspiration.
hybrids is 232 mm (Table 4), which is formed only by rainfall -
100%.

Table 4.

Sunflower irrigation regimen 2009

N S Actual irrigations aturation rate, mnj
Irrigation Pre-lrr!gz_itlon — Date IrTigation rate
technology humidity Total number | Next irrigation mm '
Sprinkle 80% from PIH 4 I June 10th 40,0 170
irrigation 11 June 18th 50,0
I June 31 40,0
v July 23rd 40,0
Drip irrigation 85% from PIH 5 I June 10th 35,0 175
11 June 18th 35,0
111 June 31 35,0
v July 23rd 35,0
\Y Jul 29th 35,0
Table 5.
Evapotranspiration and forming elements - sunflower — 2009
Options ET rainfall Irrigation rate
mm
mm % mm %
1. Non-irrigated 232 232 100 - -
2. Drip irrigation 407 232 57 175 43
3. Sprinkle irrigation 402 232 57,7 170 42,3

Yields from hybrids of sunflower under non-irrigated conditions
San Luca hybrids -190 kg / dka, A58xC23-187 kg / dka. The

The formation of yields from sunflower hybrids grown under yields of the A125xC37-106 kg / dka and 134AxC6-109 kg / dka
non-irrigated conditions is the result of natural soil moisture. The hybrids are low, indicating that they are demanding for soil
data from Table 6 and Figure 6 show that in 2009 for the soil- moisture (Table 6). of the studied hybrids - biometric
meteorological conditions of the Sofia field the highest yields measurements and seed characteristics.
were from the hybrids: Maritsa -213 kg / dka, followed by the
Table 6.
Crops non-irrigated sunflower 2009 r.
Hybrids Yields kg/dka Relative yields %

1. San Luke 190 89

2. Maritsa 213 100

3. Michaela 162 76

4. 217,x244R 115 53

5. Vokil 134 63

6. A125xRHSP-1R 174 75

7. 134AxC6 109 51

8. 2607AxC23 171 80

9. A125xC37 106 50

10. A58xC23 187 88
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Fig. 6. Sunflower yields in kg / dka on average humid year without irrigation: 1 - "San Luca", 2 - "Maritsa"; 3 - "Michaela", 4 - 217 of which
are 244R, 5 - Vokil, 6 - A125xRHSP - 1R, 7 - 134AXC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.

Table 7. Results of biometric measurements and characterization of sunflower seeds in irrigated and non- irrigated conditions

non- irrigated Drip Drip Sprinkle Sprinkle
Diameter of weight of | Diameter of the | weight of | Diameter of the weight of 1000
Hybrids the cake, cm 1000 cake, cm 1000 cake, cm seeds, g
seeds, g seeds, g
1. San Luke 17 50,3 18 60,7 20 61,0
2. Maritsa 18 59,8 16 66,7 18 67,3
3. Michaela 17 47,8 17 56,8 20 60,1
4.2172h244R 15 62,8 18 81,9 18 81,4
5. Vokil 15 54,8 19 64,8 18 49,1
6. A125xRHSP-1R 15 62,6 15 76,6 17 70,7
7. 134AxC6 15 41,2 18 63,1 16 48,1
2607AxC23 17 50,7 20 55,8 18 53,0
9. A125xC37 16 48,4 20 59,1 16 52,1
10. A58xC23 16 68,5 18 57,1 19 56,2
Average 16 55 18 64,3 16,1 60

The data show that the diameter of the cake in the
irrigation variants varies from 15 to 20 mm. The largest sizes are
the cakes in the hybrid varieties - Vocil, A125xC37, 2607AxC23,
drip irrigated, and Snt. Luke and Mihaela- with spraying.

The weight of 1000 seeds also grows in irrigated hybrids,
with the heaviest grains being 55.8 to 81.9 g drier, and 52.1 to 81.4
g when sprinkled. The heaviest are the seeds of the variety 217 and
XX24R in both irrigation techniques (Table 7).

On average, of the ten tested hybrid sunflower varieties,
irrigation increased the weight of 1000 seeds by 15% (drip) and by
9% (sprinkling) to non-injected hybrids, with the highest increase in
the “2179x244R"-24% two irrigation techniques. The mass of 1000
seeds in non-irrigated sunflower is on average 55.0g, ranging from
individual hybrids from 41.2 to 68.6g

Yields hybrids of sunflower under irrigation conditions.

The plants’ needs for moisture during the growing season are
determined by both the hybrid characteristics and the weather
factors. With the irrigation being fed through the critical phases of
sunflower development, the need for readily available moisture is
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satisfied. Watering with both types of irrigation systems have been
implemented in the phase of buttoning and mass flowering. The
highest yields under irrigation conditions were obtained with the
Maritsa hybrids - 254 kg / dka (drip irrigation) and A58xC23 - 248
kg / dka (table 8 and table 9), (Fig.7 and Fig. 8). The results show
that they respond well to irrigation the hybrids: 2607AxC23 -
(251kg / dka), "Vokil" - (246kg / dka) - dripping and microdilution
hybrids - 2607AxC23 - (235kg / dka) - (232 kg / dka), "San Luca" -
(227 kg / dka).

The increase in yields is from 13 to 46%, with the highest increase
in yield due to irrigation at 46% (drip) and 38% (micro irrigation)
hybrids, followed by the 134AxC6 hybrid 40% (tab 10) and (Figure
9).

In microbonds, the hybrids were best suited to irrigation: "Vocall" -
38%, “2179x244R“- 29%. Less irrespective of irrigation Maritsa
hybrid with 9-17% increase of yield in both irrigation and San Luke
with 13-16%. This shows that in the soil-climate conditions of the
Sofia field, these hybrids can be grown without irrigation.

When comparing the two irrigation techniques, a larger increase in
yields due to the irrigation applied is obtained by drip irrigation.



Table 8. Yields - drip irrigation- sunflower 2009

According to type. 1

Hybrids Yield kg/dka Average yield, %
1. San Luke 216 84
2. Maritsa 256 100
3. Michaela 233 91
4.2179h244R 172 67
5. Vokil 246 96
6. A125xRHSP-1R 234 91
7. 134AxC6 181 70
2607AxC23 251 98
9. A125xC37 144 56
10. A58xC23 234 91
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Fig. 7. Sunflower yields in kg / dka in medium humid year and drip irrigation: 1 - "San Luca", 2 - "Maritsa"; 3 - "Michaela", 4 - 217,x244R,
5-"Vocil ", 6 - A125xRHSP - 1R, 7 - 134AxC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.

Table 9. Yields — Sprinkle irrigation- sunflower 2009.

According to type 1
Hybrids Yield kg/dka Average yield %
1. San Luke 227 97
2. Maritsa 234 100
3. Michaela 232 99
4.2179h244R 160 68
5. Vokil 213 91
6. A125XxRHSP-1R 198 85
7. 134AxC6 145 62
2607AxC23 235 100
9. A125xC37 124 53
10. A58xC23 248 106
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Fig. 8. Sunflower extracts in kg / dka in average humid year and sprinkle irrigation: 1 - "San Luca", 2 - "Maritsa"; 3 - "Michaela", 4
2179h244R, 5 - Vokil, 6 - A125xRHSP - 1R, 7 - 134AXC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.

Table 10. Sunflower yields at different ways of irrigation — 2009

Hybrid Yield in kg / dka at standard humidity 11%

Non irrigation Drip irrigation | Growth against the | Sprinkle Growth against the

non-irrigated type | irrigation non-irrigated type
% %
1. San Luke 190 216 13 227 16
2. Maritsa 213 256 17 234 9
3. Michaela 162 233 31 232 31
4. 217yyy244R 115 172 34 160 29
5. Vokil 134 246 46 213 38
6. A125xRHSP-1R 174 234 36 198 13
7. 134AxC6 109 181 40 145 25
2607AxC23 171 251 32 235 28
9. A125xC37 106 144 27 124 15
10. A58xC23 187 234 21 248 25
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Fig. 9. Sunflower yields in kg / dka in average wet year: 1 - "San Luke", 2 - "Maritsa"; 3 - "Michaela", 4 - 217? X 244R, 5 - Vokil, 6 -
A125xRHSP - 1R, 7 - 134AXC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.
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Conclusion

1. When growing sunflower under irrigation conditions, the yield
increases from 13 to 46%. The largest is in the Vokil Hybrid -
46% (drip irrigation) and 38% (micro irrigation).

2. The highest irrigation yields are obtained from the Maritsa
hybrid - 254-234 kg / dka and A58xC23 - 251-235 kg / dka. The
248 kg / dka, "Michaela" (232 kg / dka) and the A58xC23 - (248
kg / dka) also respond well to irrigation, with an increase in
irrigation yields of 25 to 46 percent.

3. The highest natural moisture yield (non-irrigating conditions)
were obtained from the Maritsa hybrids -213 kg / dka, followed
by the San Luca hybrids -190 kg / dka and the lowest in the
hybrids A125xC37 -106 kg / dka and 134AxC6 -109 kg / dka,
indicating that in their critical phase — flowering, these hybrids
are sensitive to soil moisture.

4. The smallest increase of the yield in both irrigation methods
was reported for the Maritsa, San Luka hybrids. The increase is
from 9 to 17%, indicating that in the Sofia region these hybrids
are suitable for growing without irrigation.

5. A meteorological feature of the year of study was developed,
which justified the implemented irrigation regime of the crops.
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IRRIGATION WATER PRODUCTIVITY FOR RASPBERRIES GROWN IN DRIP
IRRIGATION CONDITIONS

Rumyana Kireva, M. Mihov
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Abstract: To determine the irrigation water productivity for raspberries during their cultivation in the soil-meteorological
conditions of the area of the village of Chelopechene - Sofia, studies have been carried out with drip irrigation of a plantation with the
variety "Lyulin". Various regimes have been studied - from full satisfaction of the daily needs of the culture to water, to irrigation with 20%

and 40% reduction in irrigation regulations.

The meteorological conditions during the study period determined the number of irrigations and the size of the irrigation and

irrigation norms of the culture.

On average, over the survey period, the highest yields were obtained with the watered with 100% irrigation norm option. The
increase in yields resulting from the irrigation is about three times the non-irrigated option in surface drip irrigation.
The highest irrigation water productivity of 4.3 kg of raspberries per cubic meter of water is obtained in variants irrigated with a

40% reduced irrigation rate.

KEY WORDS: IRRIGATION, YIELD, IRRIGATION SCHEDULING, DRIP IRRIGATION, IRRIGATION WATER PRODUCTIVITY,

RASPBERRIES

Introduction

Reducing the water supplies as a result of climate change
and a steady rise in the cost of irrigation water raises the question of
its rational and sparing use. This implies the use of water-saving
technologies, techniques and irrigation regimes for agricultural
crops.

The studies carried out on raspberries irrigation, show that
for the yields to grow it is very important water be provided before
the ripening of the fruits and during the whole harvest period
(Kuiesza, W., 1973). According to the same author, droughts have
the greatest negative impact on yield two weeks before fruit
harvesting and during ripening. Through maintaining a limited
water deficit in the soil, the yield of raspberries increased by over
9.6% and in dry years by 27.6% compared to non-irrigated variants.
(Mackenrron, D. K. L., 1982). Growth and fruit bearing can be
regulated through the so-called irrigation with regulated deficit of
drip irrigation(RDI). In this case, 100% irrigation rate is reduced by
observing moderate levels of water stress in plants (Goodwin and
Boland, 2002).

Growing of crops in areas with unsustainable natural
humidity implies optimization of the parameters of the irrigation
regime by growing crops in the conditions of regulated water
deficit. Research carried out in this field shows that the desired end
result is the maximum saving of irrigated water with minimal yield
losses (Goranov, Hr., G. Kraftti, 1982), (Zhivkov, G., A. Matev
2004 .), (Kireva R., J. Zhivkov, 2003) (Kireva, R., V. Petrova,
2016).

Applying a proper irrigation regime to drip irrigation of
raspberries and establishing yields and loss of production at reduced
irrigation rates are a real basis for increasing irrigation water
productivity.

The aim of the study is to establish the irrigation water
productivity in raspberry drip irrigation and production losses in
reducing the irrigation rates.

Material and method

In order to establish the effect of irrigation,watering and
irrigation norms, losses of production from barred water, and its
productivity in the experimental field of the Pushkarov Institute in
Chelopechene, Sofia, a multi-year Polish experiment with
raspberries in drip irrigation conditions, was carried out. The soil is

leptosol, slightly sandy loam in the plowing layer. It is formed on
the base of an old diluvial cone made of sediment materials. It is
poorly stocked with nitrogen, average stocked with phosphorus and
well stocked with potassium. On average, for the layer 0-60 cm, the
soil has the following water-physical properties: a water holding
capacity/WHC/ - 22.1%, a humidity till wilting 12.3% by weight of
absolutely dry soil ,bulk dencity at WHC 1,47 g /cm3. For the soil
layer 0 - 100 cm, the same indicators have the following values:
WHC - 21.8%, humidity till wilting - 12.3% and bulk density - 1.50
c¢m3. Suitable for growing raspberry plantations.

The following irrigation options have been researched:

1. Option irrigation with 100% irrigation rate;

2. Option irrigation with 80% irrigation rate;

3. Option irrigation with 60% irrigation rate;

4. Option without irrigation.
The irrigation rate is calculated using the formula of Frecman and
Garzoli. (Frecman and Garzoli, 1980). To monitor the dynamics of
soil moisture soil samples were taken in option 1 (100% i.r.) ata
depth of 0-60 cm over 10 cm, which were processed by the weight-
thermostatic method. Irrigation is carried out with a droplet
installation type Drospach.
Results

Meteorological conditions of the experiments

The productivity of each agricultural crop depends on a set of
factors, the main ones being: the type of crop, the variety
characteristics, the applied agro-technology, the number of
irrigations, the way in which water was deposited and, last but not
least, the meteorological conditions.

Available data over a multi-year period indicate that the

temperature sums during the vegetation of the main crops are
relatively stable, i.e. they are not a limiting factor for their normal
growth and development. That is not the case with precipitation/
rainfall. In terms of quantity and distribution, they vary significantly
not only by months and ten days but also by years.
The unstableness of this meteorological factor predetermines
irrigation as a major event of the agro-technical complex, with a
significant contribution to obtaining high and sustainable yields
from cultivated crops.

Table 1 Rainfall during raspberries vegetation period (2001 2005 years.)

Periods Total rainfall, mm Rainfall factor security, %
Years 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005
M. IV - IX 358 418 329 258 765 371 | 173 59 94,6 14
Average multi-annual 365 365 365 365 365 - - -
M. VII - VIII 75 158 104 73 400 768 | 93 47 74,8 14
Average multi-annual 110 110 110 110 110 - - -
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Regarding the amount and distribution of rainfall during the
April-September vegetation period, the conditions during the
individual years are characterized by variety and manifestation of
extremes. According to the provision of rainfall, defined in the
1956-2005 series (Table 1 and Figure 1), three of the years - 2001,
2002 and 2005 are humid, one - 2003 - average and one - 2004 -
very dry. Summer droughts lasting more than ten days are observed
during all years of the surveyed period.

The sum of precipitation in 2001, which is characterized as
averagely humid in April - September, is almost the same as the
average multi-year series - 358 mm, and in July - August it is 75
mm (Table 1). In the dry 2004, rainfall for the April to September
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period is 258 mm, which is 30% lower than the average for the
period. In July and August the rainfall was 73 mm, almost the same
as in the averagely humid year (2001). This rainfall was insufficient
for the development of raspberries, which also predetermined a
larger number of irrigations. In the series of annual rainfall sums,
2002 is characterized as very humid, with a provision of 15.3%.
This is due to the falling unusual rainfall in July, August and
September. The most humid year with 1.4% coverage of the rainfall
factor during both subperiods is 2005, which is characterized by
extremely high rainfall for the period April - September 765 mm,
which are 1.7 to 5.7 times higher than the average for the 104-year
series.

Fig. 1 Coverage curves for the fifty-year series (1956-2005) for the periods: (a) April to September; b) July-August.
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Fig. 2. Coverage of the temperature sums for the fifty-year series (1956-2005) for the periods: a) April-September; b) July-

August.

The temperature and deficiency of saturation of air with
water vapor influence the speed of the life processes of the plant,
incl. on the intensity of photosynthesis. The temperature sums, both
for the April-September and the July-August vegetative period,
show that without exception the years are warm (Figure 2).

The need for irrigation to maintain optimum soil moisture
in the 0-60 cm layer is mainly due to the amount and distribution of
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rainfall during the vegetation period of the crop. The lounges are
realized with a soil moisture drop in the layer 0-60 cm below 85%
of the WHC. The results show that in individual years, the number
of irrigations varies from 8 to 22, and the irrigation rate from 1440
to 4000 m3 / ha. On average, during the vegetative period of the
rape, 16 irrigations with an average irrigation rate of 180 m3 / ha
and an irrigation rate 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.

In accordance with the concrete manifestation of
meteorological factors, the basic quantity and distribution of rainfall
in the first three years for the optimization of the water factor have
been realized from 15 to 18 irrigations and in the dry 22 units. For
variants with a 20% and 40% reduction in irrigation, the watering
rate during the years of research is from 928 to 3159 m3 / h (Table
2). The optimization of the factor water, leads to an increase of the
yields in each year by more than two times compared to the non-
irrigated option, which is indicative of the fastidiousness of the
culture to the soil moisture (Table 1). The resulting yields in the
realized irrigations predict a good productivity of the supplied
water. The results obtained by years and the average for the survey
period, indicate that the different irrigation regimes of raspberries
affect the irrigation water productivity. On average, over the period
of the survey, the highest irrigation water productivity was 4.3 kg of
raspberries per cubic meter of water, was obtained for variants
irrigated with a 40% reduction in irrigation norm with the highest
irrigation water productivity for the tested variants was obtained in
the humid year 2004 - 9 kg of raspberries for one cubic meter of
water, the lowest is the productivity of the water supplied in the

variant, irrigated with 100% irrigation norm. The results show that
lowering the water supply of the plants reduces the irrigation water
productivity.

The amount of loss of raspberry production from not
provided water in individual years is predetermined by the specific
occurrence of meteorological factors and the size of the deficit.
Production losses, both by years and on average over the study
period, are reduced from 5-12% in the 20% reduction of irrigation
options and reach 21% with a 40% reduction in the irrigation rate.
The results obtained, show that the reduction in raspberry yield is
not adequate for the reduction of the irrigation rate. It is found that
reducing the irrigation rate due to limited water supply leads to a
corresponding reduction of the maximum possible yield, but not
proportionally. In all cases, the reduction in yield is less than the
decrease in the irrigation rate (Table 3). On average, during the
study period, the reduction of the irrigation rate by 20% resulted in
a 5% decrease in the yield of raspberries, while in the case of a 40%
reduction in the irrigation rate, the yield decreased by 21%. The
data show that with an increase of the irrigation rate, the yield is
increasing, which shows that fort the raspberries yields are
produced with significant amounts of water, and the nature of the
meteorological conditions has also a big impact.

Table 1 Yield of raspberries using drip-irrigation

Years 2001 2002 2003 2004 2005 Average
Variant | Yield Relati | Yield Relati | Yield Relati | Yield Relati | Yield Relati | Yield Relati
ve ve ve ve ve ve
kg/ha | vyield kg/ha | vyield kg/ha yield kg/ha | vyield kg/ha yield kg/ha | vyield
% % % % % %
Non 2480 100 4240 100 3500 100 3310 100 6720 100 4050 100
irrigation
100%M 8710 351 8220 194 9550 272 10000 302 9910 147 9278 229
80%M 7690 306 7940 187 8850 252 9360 283 9140 136 8600 212
60%M 6890 277 7880 186 7980 228 7940 239 8280 120 7790 192
Table 2 irrigation water productivity for raspberry per years
Years 2001 2002 2003 2004 2005 Average
Variant | IMigat | \water Irrigat | \water Irigat | \water | IMMigat | \water | IMTigatio | \warer | IMrigat | \wager
lon producti lon producti 1on produ 1on produ n rate produ 1on producti
rate 'Vity, , rate 'Vity, , rate Ctl _ rate CtiVity m3/ha c- rate 'Vity,
m°/ha kg/ m3 m°/ha kg/ m3 m*ha | vity, m¥ha |, kgl tivity, | m*ha kg/ m3
kg/ m3 kg/
m3 m3
100%M | 3060 2,8 2640 3,0 3294 2,8 3960 25 1440 6,8 2880 3,2
2115
80%M 2448 3,14 3,75 2628 3,4 3168 3,0 1152 7,9 2303 3,7
60%M 1972 35 1695 4,64 2106 3.8 2552 32 928 9,0 1830 43
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Table 3 Yields at optimal irrigation and water deficit

Years 2001 2002 2003 2004 2005 Average
Variant Yield % Yield % Yield % Yield % Yield % Yield %
kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha
100%M 8710 100 | 8220 100 | 9550 100 10000 100 9910 100 | 9290 100
80% 7690 | 88,0 | 7940 95 8850 92 9360 93 9140 92 8600 92
60% 6890 | 79,0 | 7880 95 | 7980 83 | 7940 79 8280 83 | 7790 84
Conclusions

1. Drip irrigation of raspberries during the growing season
leads to an increase in yields on average over the study period of
40 to 57%.

2. Growing raspberries under conditions of irrigation water
shortages by reducing irrigation rates does not lead to a
proportional reduction in yields. As the water deficit rises from
20% to 40%, the yields decrease from 5 to 21% compared to the
yields obtained at 100% of the irrigation rate
3. It has been established that, when reducing the irrigation
norms, the irrigation water productivity increases to 9.0 kg of
raspberries per cubic meter of water in the variant with a 40%
reduction in the irrigation rate.
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IMPLEMENTATION

Vasileva P.}, M.Sc. eng. Yaneva S. PhD 2
IMSETH-BAS-Sofia !, Technical University of Sofia
svetlana_ianeva@abv.hg

Summary: The present report considers the EU Action Plan to enhance preparedness against chemical, biological, radiological and nuclear
security (CBRN) risk, adopted in 2009 by the EU Council. The Action Plan’s overall goal is to reduce the threat of, and damage from, CBRN
incidents of accidental or intentional origin, including terrorist acts. The Plan provides possibilities for the EU member states to implement the
listed standards by including them into the national legislation. The National Program developed subsequently in Bulgaria for the
implementation of the EU CBRN Action Plan is also analyzed. The strengths and weaknesses of the document are revised as well as the progress

of its implementation.

Key words: CBRN MATERIALS, PLAN, TERRORISM, STANDARD, NATIONAL PROGRAM

Introduction

In the recent years, the risks and threats of the possible
use of chemical, biological, radioactive and nuclear (CBRN)
materials from terrorist groups have been defined at European
Union (EU) and at national level. Trends in the development of
CBRN terrorism are considered as a potential threat to the critical
infrastructure objects and the population as a whole. In this regard,
coordinated actions have been undertaken, resulting in measures to
prevent and detect such incidents.

In 2009 the Council of Europe has adopted the EU CBRN
Action Plan on Strengthening Chemical, Biological, Radiological
and Nuclear Security in the European Union [1]. The purpose of the
Plan is reducing the threat of, or the damage from CBRN incidents,
occurring accidentally or by intentional actions, including terrorist
attacks.

Generally, in the event of a CBRN threat, the
responsibility for the reaction lies primarily on the respective EU
member state. Historically, at EU level, the first actions related to
the identification of measures to counteract CBRN threats were
undertaken in 2001; later a Program to improve cooperation in the
European Union for preventing and limiting the consequences of
chemical, biological, radiological or nuclear Terrorist Threats [2]
was adopted in 2002. The latter was incorporated into the EU
Strategy against Proliferation of Weapons of Mass Destruction (EU
WMD Strategy) [3], adopted in 2003, updated and revised in 2008
when the “New lines for action by the European Union in
combating the proliferation of weapons of mass destruction and
their delivery systems” were adopted, and it was also incorporated
into the EU Counter-Terrorism Strategy (2005) [4], as well.

The EU CBRN Action Plan

In 2008 a CBRN Task Force was set up, to work on the
EU policy on CBRN materials. As a result of its activities, in
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January 2009 the basis for the EU CBRN Action Plan (adopted later
in the summer of that year) was developed. The main objective of
European policy in this field is to minimize threats and damage to
the population in CBRN incidents through: physical protection and
security of the relevant facilities developed on the basis of the risk
assessment; effective protection of the CBRN materials; improving
information exchange between member states; development of
detection systems in the EU and providing tools needed to manage
CBRN incidents.

The Action plan concentrates on the following three main
areas:

» Prevention, where the main focus should be on the
development of risk assessment procedures to prioritize the high-
risk CBRN materials. The next focus is on the security and control
of these materials and related facilities. Follow-up actions are
directed towards developing a high security culture for staff,
enhancing the identification of suspicious transactions and behavior
related to high-risk CBRN materials, improving the transport
security, information exchange, import and export regimes, and
strengthening cooperation on the security of nuclear materials.

« Detection — availability of capacity for detection is a
necessary complement to the prevention, and on the other hand it is
crucial to ensure an adequate response to CBRN incidents. In this
regard, the plan subsequently provides for the detection system to
be established within the territory of each of the member states as
well as at the EU external borders. At EU level, standards for
detection as well as standards for testing and certification should be
developed and the exchange of good practices for CBRN detection
should be improved.

* Preparedness and response - the measures consist in the
ability to effectively respond to CBRN-related incidents and to
recover after such incidents as quickly as possible. Further action
has been identified to reinforce the existing measures, in particular
with regard to malicious CBRN incidents. Special attention has to



be paid to planning of CBRN emergencies, increasing the
responsiveness, strengthening the information flows and improving
the crime investigation capacity.

These three areas of work are supported by a number of
horizontal measures that are applicable to the entire CBRN activity.
The horizontal actions focus on international cooperation, public
communication, training, staff reliability assessment, research and
estimation on the need and possibilities for criminalization of the
CBRN-threatening activities.

Implementation of the EU CBRN Action Plan is intended
to be applied by existing structures, both at European Commission
level and at national level in each member state.

In 2012 a review of the implementation of the CBRN
plan has been carried out at EU level and the strong and weak
points in the implementation of the measures have been identified
in a specifal progress report. For the period 2010-2015 there have
been some significant successes at EU level, including the
development of the CBRN-E Glossary provided to member states,
opening of an EU Learning Center in Karlsruhe, Germany, and the
European Nuclear Security Training Center (EUSECTRA).

Implementation of the EU CBRN Action Plan
in the Republic of Bulgaria

An inter-department working group was established in
Bulgaria to implement the measures set out in the Plan, which
foresees participation of representatives from the departments with
competences in the field of CBRN materials. On the basis of the
EU-developed plan, an consent was achieved on the adoption of a
National Program for its implementation. The latter reflects the
responsibilities of each department for implementing the measures
at national level as well as the deadlines for their implementation,
respectively vertically and horizontally.

With the adoption of the National Program, inter-
department working sub-groups were set up, and priority was given
to the fields of activity - chemical, biological and
radioactive/nuclear materials respectively. The Ministry of the
Interior had the leading role in the implementation of the planned
measures. For the implementation of concrete measures of the Plan
responsibilities were assigned to a number of departments
according to their competencies.

At the time of implementation of the measures set at the
national level a number of problems were determined concerning
the effective implementation of the National Program for
Implementation of the CBRN Action Plan of the EU [5]. The
following issues have been identified:

- The large volume of actions embedded in the EU CBRN
Action Plan (124 actions) implies the commitment of serious
human resources to their implementation and the coordination of
joint work by several institutions in one measure. The latter further
complicates and hinders the effective implementation of the Plan.
Problems exist in the exchange of information resulting from the
presence of co-ordinating procedures requiring coordination of each
action of inter-department group participants with different
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hierarchical levels in the respective departments, which further
slows the implementation of tasks and hinders their timely
implementation.

- Holding of meetings of the inter-department working
sub-groups was not possible due to the permanent replacement of
the participants. The reason for this were structural reforms
implemented in the respective departments, which concern the
sectors of activity with competence in the problems;
leaving/replacing employees; long-term/short-term missions in the
country and abroad of the participants in the working groups, etc.,
which leads to lack of continuity and consequently inability to
fulfill the commitments under the National Program.

- At EU level, the implementation of the Plan was carried
out in accordance with the deadlines set by the CBRN Advisery
Group, while at a national level the information flow was
fragmented, incomplete and at one stage completely discontinued,
due to the fact that different representatives from different agencies
were involved at the CBRN meetings at EU level without
respecting the principle of continuity. Separate departments
undertook their responsibilities implementation, others abdicated
because of insufficient time and human resources. As a result the
implementation of the measures was taken sporadically,
inconsistently and in the incomplete volume of the actions.

- During the period of action of the Plan, it was found that
the exchange of information on a CBRN incident of any kind
occurring in the territory of the country is difficult, and in some
cases totally absent, resulting in ineffective, untimely and
inadequate response to competent authorities in the performance of
their duties in terms of competence. It has been identified that the
Ministry of Defense of the Republic of Bulgaria also has
competence in responding to CBRN incidents but its participation
in the implementation of measures of the plan was not foreseen.

- Last but not least is the fact that the measures set in the
CBRN Action Plan are of recommending rather than binding
nature.

A successful approach for improving the implementation
of measures outlined in the EU documents at national level is
development of projects within the member states. For Bulgaria, a
significant contribution in this field was realization of the EU
granted project "Development of tools needed to coordinate inter-
sectoral power and transport CIP activities at a situation of
multilateral terrorist threat. Increase of the capacity of key CIP
objects in Bulgaria” - HOME/2010/CIP/AG/019. The project was
implemented in the period 2011-2013 by the Institute of Metal
Science, Equipment and Technologies “Acad. Angel Balevski” —
BAS (leading organization), Directorate “Fire safety and protection
of the population” at the Ministry of Interior, Military Academy
“G.S.Rakovski” and the University of Russe. As a result of the joint
activities, complex measures for protection of critical infrastructure
facilities in Bulgaria from multi-variant terrorist threats, including
CBRN materials threats, were elaborated. These results were
presented in a comprehensive final report and popularized in [6-12]
as well as in a number of other publications.



Conclusions

1. The effectiveness in the area of EU CBRN policy would be
higher if the focus on implementing concrete measures was
avoided but instead the strategic approach to the problem was
emphasized.

2. It is necessary to consider the possibility taking specific
measures in the CBRN field to be bound by specific
obligations which are to be fulfilled by the member states.

3. It is essential to respect the principle of continuity in the
member states, which is a coherent policy pursued by each
institution, both in terms of participation according to its
competencies and the fulfillment of the commitments.

4. There is insufficient exchange of information on CBRN
incidents both at the country and at EU level. This is also the
problem of coordinating actions to implement horizontal and
vertical actions. As a result, a part of the measures concerning
the involvement of different departments, as well as
representatives of the private sector, are partially implemented.

5. Itis advisable to consider engaging the Ministry of Defense at
both national and EU level, given the capabilities available to
the military.

6. Protecting the population from terrorism must remain a top
priority for the EU and each of the member states. In this
regard, international and national efforts to combat CBRN
terrorism should be aligned with the new challenges and united
in their overcoming. In October 2017 the EU adopted a new
Action Plan to improve preparedness against chemical,
biological, radiological and nuclear safety risks. An adequate
and responsible approach by the member states to the problem
will contribute to the commitments fulfillment.
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Abstract: The present-day geopolitical landscape and the nature of modern conflicts, in which opponents are often mixed with the
civilian population, impose significant limitations on the use of force. Minimizing the number of victims in armed conflicts is fundamental
principle of both International law (IL) and the Non-lethal weapons (NLWSs) concept. The IL, however, still seems insufficiently adapted in
respect to NLWs, creating paradoxes in which use of conventional weapons, causing massive death and damage, prove to be preferable to
non-lethal force. This paper examines the unresolved issues in the relationships between IL and the chemical non-lethal agents.
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Introduction

According to literary data, while by 1950 civilians accounted
for about 50% of the victims of military operations, by 1980 this
value has risen to about 80%. “This alarming trend has continued in
the 1990s, with increasing numbers of refugees, immigrants, and
noncombatants caught in the crossfire of civil and ethnic strife and
battles involving states, rogue states, failed nation-states, and
terrorists”. [1] The current operations, although for the most part
represent so-called "operations other than war" could pose an even
greater risk of causing incidental casualties and destruction, as they
are mainly carried out in densely populated areas where combatants
are usually mixed with civilian population. Civil wars in many parts
of the world are much cruel than international conflicts, taking
about 80% of the victims of armed conflicts around the world. A
study of the International Committee of the Red Cross (ICRC) in
2001 “reveals, in essence, that modern wars have become conflicts
without limits. Civilians have - both intentionally and by accident -
been moved to center stage in the theater of war, which was once
fought primarily on battlefields. This fundamental shift in the
character of war is illustrated by a stark statistic: in World War 1,
nine soldiers were Killed for every civilian life lost. In today’s wars,
it is estimated that ten civilians die for every soldier or fighter killed
in battle”. [2] Although some authors question the credibility of
such data, they recognize that “it seems more than fair to conclude
that since the turn of the twentieth century, civilian deaths have
outnumbered military deaths in nearly all wars”. [3]

As for combatants, unlike civilians, they are considered
legitimate military targets - nations at war are allowed to kill each
other’s combatants without legal consequence. “While for many
centuries no humanitarian thought was given to military casualties
on the enemy’s side, this is changing. Capture when possible as
opposed to kill is becoming the norm, at least among Western
nations with democratic and liberal value systems”. [4]

The first international agreement imposing warfare restrictions
is the St. Petersburg Declaration of 1868. Although refers to a
specific weapon (explosive projectiles weighing less than 400 g), it
sets the basis for IHL's approach to the methods and means of
warfare, namely that the needs of war must be in accordance with
the laws of humanity. These principles underline the further efforts
for regulating the weapon technology and the manner in that armed
conflicts are conducted. The efforts are focused on two directions:
imposing prohibitions and restrictions on the use of certain weapon
technologies and adopting common principles and rules on all
methods and means of warfare.

The non-lethal weapons (NLWSs) are defined as “weapons,
devices, and munitions that are explicitly designed and primarily
employed to incapacitate targeted personnel or materiel
immediately, while minimizing fatalities, permanent injury to
personnel, and undesired damage to property in the target area or
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environment. Non-lethal weapons are intended to have reversible
effects on personnel and materiel”. [5]

Non-lethal weapons development and use is influenced by
several factors. The most frequently mentioned factor is the
changing nature of military operations in the post-Cold War world.
Contemporary low-intensity conflicts and interventions such as
peacekeeping and peace enforcement operations, as well as
controlling and neutralizing insurgency, ethnic violence, terrorism,
drug trafficking and domestic crime, demand application of
minimum force capable to effectively deter the perpetrators without
reaching the threshold of violence. Incessant presence of the media
at every hot spot around the world contributes to rise of the public
disgust and intolerance to the violence of conflicts. Political and
military leaders, responsible for such situations, can’t afford the
negative impact which would result by the widespread video
records showing civilian casualties and suffering.

NLWs and new methods of force application can significantly
change the way of conducting wars and crisis resolving. Many
believe that NLWs offer a real alternative to either doing nothing or
killing people. “The reasons for use of force will not abate.
Alternatives to bombs, missiles, tanks and artillery must therefore
be found. NLWs are not a panacea but do offer the best hope of
minimizing casualties while allowing nations or alliances the means
to use force in protection of national or regional interests”. [6]

Although non-lethal weapons reflect the purpose of the
International law to make armed conflicts more humane through
minimizing the civilian casualties and incidental damage, the IL is
one of the main factors limiting the NLWs development and use.

A brief review of International law regulating
weapons and armed conflicts

The public IL is a broad set of treaties, customary law,
principles and norms, traditionally regulating relationships between
states. Obligations to the international community are governed by a
combination of treaties and customary law. Treaties are written
conventions in which states formally establish certain rules.
Customary international law is not written but derives from general
practice accepted as law and exists independent of treaty law.
“Customary international humanitarian law (IHL) is of crucial
importance in today's armed conflicts because it fills gaps left by
treaty law in both international and non-international conflicts and
so strengthens the protection offered to victims”. [7] A study of the
ICRC in 2005 found that recently "the principles and rules
contained in treaty law have received widespread acceptance in
practice and have greatly influenced the formation of customary
international law. Many of these principles and rules are now part of
customary international law. As such, they are binding on all States
regardless of ratification of treaties”. [8] One of the positive effects
of this fact would be the limiting the opportunities of powerful



states to control content of the law of war by refusing to ratify
international treaties or to give their consent to development of
relevant norms for preventing the use of some technologies.

International humanitarian law (IHL), also known as Laws of
war or Law of armed conflict (LOAC), is the legal framework
applicable to situation of armed conflict and occupation. It aims, for
humanitarian reasons, to limit the effects of armed conflicts,
through a set of principles and rules. The fundamental principles of
IHL are: 1) the protection of persons who are not, or are no longer,
participating in hostilities; 2) the right of parties to an armed
conflict to choose methods and means of warfare is not unlimited.
Basically, the IHL represents a balance between military necessity
and humanitarian considerations in the conflict. The military
necessity is the justification of the measures necessary to achieve a
military objective, provided that such measures are in accordance
with the IHL. Humanity, as the cornerstone of the IHL, is an
imperative to relieve suffering and save lives, and to the humane
and respectful attitude of each individual during the conflict.
Balancing humanity and military necessity is expressed by the
founding rules of the IHL on discrimination (the parties in armed
conflict must always distinguish between civilians and fighters, and
between civilian objects and military targets) and proportionality
(the balance to be struck between the achievement of a military goal
and the cost in terms of lives). The additional principles of the IHL
are: obligation to take precautions to spare civilian population
before and during the attack; prohibition of indiscriminate attacks;
prohibition on causing unnecessary injury and excessive suffering.

The International law related to chemical NLWs

With regard to non-lethal weapons development and use, the
International law imposes significant constrains: first — directly,
through regimes for control of conventional, biological and
chemical weapons, and second — indirectly, through the law of war.

The following international treaties affect the chemical non-
lethal agents: 1) The Protocol for the Prohibition of the Use in War
of Asphyxiating, Poisonous or other Gases, and of Bacteriological
Methods of Warfare of 1925; 2) Convention on the Prohibition of
the Development, Production and Stockpiling of Bacteriological
and Toxin Weapons and on Their Destruction (BTWC), 1972; 3)
Convention on the Prohibition of the Development, Production,
Stockpiling and Use of Chemical Weapons and on their Destruction
(Chemical Weapons Convention, CWC), 1992. The LOAC is
codified in the Hague Conventions, the Geneva Conventions on the
protection of war victims of 1949 and the Additional protocols,
resolutions of the UN General Assembly and other documents. The
following documents are related to NLWs: 1) Protocol No 1 (1949)
in addition to the Geneva Conventions, concerning the methods and
means of warfare; 2) Protocol No 2 (1977) in addition to the
Geneva Conventions, concerning the protection of victims of non-
international conflicts. These legal regimes, however “often have
difficulty keeping up with the pace of technology and sometimes
restrict the use of potentially more humanitarian weapons systems.
One such example is the development of non-lethal weapons”. [9]

Concerning NLWs, two points should be mentioned. First, the
standards of IHL apply to all weapons, even to those which have
not yet been subjected to a special regime from the conventions,
including weapons in development, i.e. nor the intent behind their
creation, nor the label “non-lethal” creates some relief in their
consideration under the rules of IL. [10] Second, while the potential
military applications of NLWs are mainly determined by
international agreements, the potential use of non-lethal weapons by
the police is largely governed by domestic law of the states.

The relationship between International law and non-lethal
weapons is rather complicated. On the one hand, the existing IL
seriously affects the NLWs limiting the development and potential
use of some NLWs, mainly through the regimes for control of
conventional, biological and chemical weapons, “while remaining
silent use of other types of NLW, other than general provisions
applicable to all weaponry used in armed conflicts” [11]. At the

39

same time, “the depth of the crisis with ethical and international
legal controls on armed conflict makes the development of "non-
lethal" weapon technology appealing because the concept of "non-
lethal” weapons restores some hope to the fundamental value of
regulating armed conflict”. [11] However, the literary sources show
that the IL does not provide adequate clarity regarding NLWs,
causing debates related to various interpretations of some texts. On
the other hand, the NLWs (especially new technologies) pose
serious challenge to the IL. It seems that the speed of new
technologies development outstrips the efforts of IL to regulate
them. “Treaties and other legal instruments are still not largely
adapted to the unprecedented pressures and modern weapon
capabilities”. [12] While the debate on the impact of these new
weapons on existing armaments control treaties and IHL has
intensified [13], no new international agreements have been
introduced in recent years with regard to NLWs.

Designed to regulate the lethal and destructive weapons used in
interstate conflicts in the 20th century, the IL constraints now do not
reflect the completely changed nature of the conflict. “In a world
where characteristics of adversaries are constantly changing and the
difference between peace and war becomes increasingly blurred
through low intensity asymmetrical conflict and terrorism, countries
often enter a grey zone in which not even the highest international
bodies, such as the UN Security Council, are sure of which legal
framework applies”. [4] “Quickly the gap between the reality of
armed conflict and the laws of war widened to an embarrassing and
depressing abyss. In addition, the development of international
humanitarian law produced some strange conclusions: certain
bullets were outlawed but nuclear weapons were not”. [10]

In general, the IL still seems insufficiently adapted in respect to
NLWs: some NLWs are banned although more human than others;
the legal status of some NLWs (both new and used for decades)
under certain conditions remains unclear, as a result of lack of
regulations or unclear wording in the existing regulations. This can
lead to absurd situations in which use of conventional weapons,
causing massive death and destruction, prove to be preferable to
non-lethal force.

The ambiguities concerning non-lethal weapons

The most significant and frequently discussed paradox in the
international regulations is related to the riot control agents
(RCAs)®: the use of RCAs is permitted in peacetime against
civilians, but is prohibited in armed conflicts (both against
combatants and civilians).

“In other words, chemical riot control agents are lethal enough
to fall under the Chemical Weapons Convention of 1993, but in
domestic affairs during times of peace, when human rights law is
the applicable legal regime, these same riot control agents are
accepted as a riot suppressant against often innocent civilians”. [4]

This legal and moral paradox affects both fighters and civilians.
The enemy combatants can be Kkilled, but not even temporarily
disabled. “As Donald Rumsfeld [U.S. Defense Secretary] once
complained “in many instances, our forces are allowed to shoot
somebody and kill them, but they’re not allowed to use a nonlethal
riot-control agent””. [14] As far as civilians are concerned, “It
would, of course, be a tragic irony if nations used lethal means
against noncombatants because non-lethal means were banned by
an international convention”. [15]

! Riot control agents (RCAs) are non-lethal substances which rapidly
produce sensory irritation or disabling physical effects. Most commonly
used are tear gas (most widespread at present is 2-chlorobenzalmalono-
nitrile, known as CS) and pepper spray (oleoresin capsicum, known as OC,
or its synthetic analogue) delivered by various spray devices, grenades,
frangible projectiles, etc. The effect of CS usually disappears within 15 min
and of OC within 2 h following termination of exposure. The RCAs has
been successfully used over the world by police and other forces
maintaining the law and order during the last 5-6 decades.



The author of [4] proposes three explanations of this paradox:
1) the “slippery slope” argument: the introduction of chemical
RCAs on the battlefield could result in easy use of more dangerous
chemicals on the battlefield, namely chemical weapons; 2) the
sanctity of national sovereignty and the lack of regulation in the
human rights law paradigm; 3) the main and initial purpose of
RCAs is controlling the civilian population during times of riot,
while their purpose during armed conflict focuses on controlling
actions of enemy combatants and granting protection to the civilian
population. “Logically, an agent to be used against the civilian
population is in strong contradiction to the very essence of the
International Humanitarian Law regime”. [4]

The restrictions on chemical NLWs came mostly from the
Chemical Weapons Convention (CWC) of 1992. Each State Party to
CWC “undertakes never under any circumstances: (a) To develop,
produce, otherwise acquire, stockpile or retain chemical weapons,
or transfer, directly or indirectly, chemical weapons to anyone; (b)
To use chemical weapons; (c) To engage in any military
preparations to use chemical weapons; (d) To assist, encourage or
induce, in any way, anyone to engage in any activity prohibited to a
State Party under this Convention”. The CWC defines chemical
weapons as “toxic chemicals and their precursors, except where
intended for purposes not prohibited under this Convention, as long
as the types and quantities are consistent with such purposes”. CWC
defines those purposes not prohibited under the Convention as
peaceful research, protective purposes, military purposes ‘“not
connected with the use of chemical weapons” and “law enforcement
including domestic riot control purposes”. The toxic chemicals are
defined as “any chemical which through its chemical action on life
processes can cause death, temporary incapacitation, or permanent
harm to humans or animals”. Under CWC a RCA is “any chemical
not listed in a Schedule, which can produce rapidly in humans
sensory irritation or disabling physical effects which disappear
within a short time following termination of exposure”. Parties to
the CWC also agree to not use RCAs “as a method of warfare”. [16]

The CWC leaves many ambiguities on a number of important
questions. According to the experts, the main confusions came from
the lack of definitions for the “method of warfare” and “law
enforcement”. Since a borderline between warfare and law
enforcement has not been drawn, there are intensive international
debates whether "law enforcement™ extends beyond the borders of a
country and whether the CWC prohibits the use of RCAs in
situations such as counterinsurgency operations, peacekeeping and
humanitarian assistance. It is generally accepted that CWC permits
the use of RCAs by military forces for law enforcement purposes
during non-traditional military operations sanctioned by IL,
however some experts bring legal and policy arguments supporting
that UN forces should refrain from using them.

An interesting fact is that although the most states-party agree
that the use of RCA in international and noninternational armed
conflict is prohibited, the USA national policy permits the use of
RCAs “in defensive military modes to save lives”. [17]

The long-term use of RCA has proven their effectiveness in
dispersing crowds and controlling their behavior. RCAs have many
advantages, compared to other means used for law enforcement
purposes, owing to their immediate and short-duration effect with
very low probability of causing permanent damages and death. ,,In
some instances, being able to use RCA in a theatre of war may be
both more humane and more effective than the use of other
weapons”. [9] However, the prohibition of the use of RCAs in times
of armed conflict poses significant tactical and practical obstacles in
creating a more humane environment on the battlefield. “In the War
on Terror, and in other asymmetrical wars of our time, the
distinction between combatants, civilians, and civilians taking direct
participation in hostilities, becomes increasingly difficult. The line
of appropriate use of chemical riot control agents is becoming
thinner and thinner. Through the civilian disguise of many
combatants in contemporary conflicts, civilians are often used as
involuntary human shields and become victim of collateral damage.
By re-entering riot control agents into the modern battlefield, this
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collateral damage can be minimized leaving the perpetrator
temporarily incapacitated and allowing for a timely removal of the
perpetrator by armed forces from the battlefield without putting
civilians in harm’s way”. [4]

A number of experts believe that the International law is
outdated and argue that it is necessary certain restrictions to be
revised in a way to allow for wider development and employment
of NLWs, including RCAs, in the contemporary conflicts context.
Others insist on maintaining the status quo with the argument that
abating restrictions on RCA will probably lead to development and
use of advanced lethal chemicals rather than to improving the non-
lethal capabilities. Another concern is that amendments in the
International law may lead to further restrictions to NLWs: “to press
for an amendment to the CWC or even to assert a right to use RCAs
as a method of warfare risks impairing the legitimacy of all NLW”.
[18] There are also views that RCAs should be prohibited in both
times of armed conflict and times of peace - such position reveals
“lack an understanding of the benefits and necessity of riot control
agents as a tool of protecting public order”. [4]

Another ambiguity is connected with the means of delivery of
RCAs. While development of RCA munitions for use in armed
conflict is prohibited, the CWC parties may manufacture, acquire
and utilise delivery systems to distribute appropriate types and
quantities of RCAs for law enforcement. However, the CWC does
not specify the types of prohibited RCA delivery means. “This
ambiguity has potentially dangerous consequences, allowing
divergent interpretations, policy and practice amongst States Parties
to emerge”. [19] Such consequences could be: employment in
armed conflict; potential use in chemical weapons programs;
proliferation to and misuse by a range of non-state actors;
employment of inherently inappropriate munitions in law
enforcement; misuse to facilitate large scale human rights abuses by
state or non-state actors. [19] A wide range of munitions and
systems for delivery of RCAs at extended distances and/or over
wide areas are developed or are in the process of development over
the world. While the hand-held delivery systems comply with the
CWC requirements, the large-calibre artillery munitions, cluster
munitions, rocket propelled grenades and other means currently at
the market do not seem to be designed for law enforcement
purposes. Variety of remotely controlled delivery means is also
available including “indoor fixed installation RCA dispersion
devices; external area clearing or area denial devices; automatic
grenade launchers; multiple munition launchers; delivery
mechanisms on unmanned ground and aerial vehicles”. [20] The
report [20] concludes that it is critical for the international
community to determine constraints upon these devices under IL
and regional human rights law to guard against misuse. “If left
unregulated the continuing research and development activities in
this area could eventually lead to the production, proliferation and
use of fully autonomous weapons systems”.

Malodorants (malicious substances) are another group of
chemical NLWs which status under the IL is subject to debates.
According to some experts malodorants are not considered toxic
chemicals under the CWC since they not cause death, temporary
incapacitation or permanent injuries. Many believe that malodorants
can be classified as riot control agents: “The definition of RCAs
appears to include malodorants as odorants that affect behavior and
act as sensory irritants, similar to other RCAs”. [21] However, some
malodorants which imitate toxin chemical agents and the natural
malodorants which are derived from biological entities, should be
considered under the BTWC. “Malodorants composed strictly of
synthetic chemicals would be defined as RCA and the CWC bans
the use of such agents during a war. However they may still be used
by the military in operations other than war such as when
responding to incidents of civil unrest”. [22] Malodorants have also
been developed for use by police in crowd control.

A part of legal debates are connected to chemical agents against
materials (intended for changing fuels and lubricants properties,
corroding materials, structures embrittlement, etc). Some conclude
that all of them (lethal or non-lethal) are totally out of the scope of



the CWC because they are not intended to be used against humans
or animals. This, however, seems to be an incorrect reading of the
CWC. An anti-material chemical weapon is covered by CWC if
toxic chemicals used to erode a material or worse its properties can
result in death, temporary incapacitation or permanent damage.
According to [11] the effect of a chemical weapon is important, not
the intent of using it. The correct reading of the CWC does not
completely prohibit the use of anti-materiel chemical weapons as
they could be used in very specific situations (e.g. secret actions of
special forces) where toxic chemicals affecting materials do not
affect humans or animals. “What is important is that the CWC
drastically narrows the potential tactical and strategic sphere of
action of non-lethal anti-material chemical weapons”. [10]

Another largely discussed group of chemical substances are so
called “incapacitating agents” (ICAs) or “calmatives”. Unlike RCAs
which act peripherally on the eyes, mucous membranes and skin,
causing sensory irritant effects that disappear for a short time, the
ICAs are intended to cause more prolonged effect, acting on the
central nervous system. Many of these substances have a narrow
safety range (marge between the effective and the fatal “dose”).
“When considered as a complete weapon system in an operational
context, uncontrollable variables such as the size, health, age, etc.,
of the target population, secondary injury, and requirement for
medical aftercare, introduce further challenges to the development
of a safe incapacitating chemical agent”. [23] ICAs are not defined
by the CWC, but are considered to be toxic chemicals and should be
regulated accordingly. While it is clear that their use in armed
conflict is absolutely prohibited under the CWC, there are different
interpretations concerning the law enforcement. “The CWC does
not explicitly allow ICAs to be used in law enforcement (it does not
even mention ICAs), but the most logical reading of the Convention
is that it also does not explicitly prohibit such use”. [24] Although
the CWC and some other areas of IL do not offer unambiguous
interpretations on the use of ICAs, the Convention on Psychotropic
Substances of 1971 requires that the manufacture, export, import,
distribution, trade, storage, use and possession of controlled
medicines should be limited to "medical and scientific purposes".
“This legal framework leaves little room, if any, for the legitimate
use of toxic chemicals as weapons for law enforcement other than
the use of riot control agents, as defined in the CWC”. [25]

CONCLUSION

Non-lethal weapons offer a real perspective of making armed
conflicts more human through minimizing destruction, fatalities and
unnecessary injuries both of combatants and civilians. Although the
same objective is the foundation of International law, the IL is one
of the main factors limiting the NLWs development and use.

The IL still seems insufficiently adapted in respect to NLWs.
Some indistinct formulations lead to contradictory interpretations
and give rise to doubts about the legitimacy of NLWs use under
certain conditions, thus generating paradoxes in which use of
conventional weapons causing massive death and damage prove to
be preferable despite the availability of NLWs fully suited to
achieving the intended military objectives.

Amendments to CWC are needed to better clarify the use of
chemical NLWs through defining the terms “method of warfare”
and “law enforcement”. CWC also should define positively what
chemicals can be used as RCAs instead of negative definition “any
chemical not listed in a Schedule” in order to prevent the use of
dangerous chemicals under the category “RCAs”. To achieve its
ultimate objective, the IL should allow for wider development and
use of NLWs, focusing not on technology but on the methods by
which weapons could be used.
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1. Beeoenue

MupoM HalkM yHpaBisIeT MHOXKECTBO HE CYTy0O CIIOMXKHBIX
3aKOHOB, TI0J BIMSHHEM KOTOPBIX OH HAaXOAWUTCA B TaKOM
IPEAEIbHOM COCTOSHUM — BEYHO HEPaBHOBECHOM, OT OJHOIO
COCTOSIHUSI TIPEBpAIIaeTCss B JAPYyroe, OT Xaoca B IOPSIOK.
IIpuuem ecnu mpuBieKkaeM BHUMaHHE K 3BOMIOLUM BceneHHOM,
TO 00s3aTeNbHO OOHAPYXKUM, YTO TMPOIECC €€ DSBOJIOLHU
IUCKPETHBIN, OHA Pa3BUBACTCS B HEMPOJODKUTENBHOU (opMe.
Kaxprit JBOJIFOIHOHHEBIH, SMOXAJbHBIN TIOPBIB C
Pa3pyIIHTEILHBIM

CyHIECTBOBABIIEE

XapakTepoM pa3OuBaeT  crapoe,
pe3ynpTaTe  4ero
BcenenHasi mpeBpaiaeTcss B JAPYTyI0, C HOBBIM COCTOSIHHEM.
Hawano - Bonbmoii Oecropsiiok, MU
MPEACTABUIICS COBEPIICHHO B WHOM BHJE, TEM HE MEHee OH

paHee
COCTOSHHE, B cama

B3pBIB, Xaoc,

TpOoaoJIKaJI CYIIECTBOBAThD,
YCUIIMBACTCA TCHACHIUA

u Ooilee TOTO B Hale BpeMA
rnobanuzanuu. OOBICHIETCS 3TO
TOJIBKO OJTHUM — CHJIA CAMOOPTaHU3AINH 1 TAPMOHH3AIHH.

C Touxu 3peHus I'erenst — MUp eCTb TapMOHUS TapMOHUU U
JUCrapMOHHU. 11 HECOMHEHHO, YTO BIUIOTh O Hallel 3MOXU B
npupozie, B camoii BceneHHOW, Kak B ONHOW Takoil oOmieit
CHCTEME TOCMOJCTBYET MPOILECC TaKOro poja, 4YTO BCE €€
JJIEMEHTHI B3aMMOJEHCTBYIOT JAPYr Ha Jpyra, 0e3 BCSIKOTO
BHEIITHET0 TOJYKA, MCXOJS U3 ATOTO MOCTOSHHO (DOPMHUPYIOTCS

HOBasl OpPTaHM3alMs WM OpPTaHW3aIUs C HOBBIM COCTOSIHHEM,
YIOpSIIOYEHHBIM ¥ rapMoHM4YHBEIM. Cama XKe cHCTeMa
CTaHOBUTCS oT Oecnops109HOM CaMOOPTraHU30BaHHOH,

MOABEPKEHA BIIUAHHUIO IONAPHO Pa3IM4YHBIX, IMPOTHBOIIOIOXKHO
HalpaBJCHHBIX CTPEMJICHUI U CHJL.

B ocHoBe m000OH CHCTEMBI JIEKHT CAWHCTBO IIPOIIECCOB

CaMOOpTaHM3allMl W JE30praHu3allid,  CIOXHOCTH U
pazHooOpasus. [loaToMy BecbMa akTyalbHOH TeMOW SIBISIETCS
M3YYEHHEM JIaHHOTO TIpollecca B JKOHOMHYECKOH CHCTeMe

JF000i#4 CTpaHbl, B TOM dncie u Kutas.

2. Ilpeonocwvliku u cpeocmea 01 pewieHus
npooaemul

ConepkaHue TIOHSATHS  «CaMOOpPTaHU3amUs» TpeOyercs
YTOUHUTh — II0J HEH MOHMMAeTCs CIIOCOOHOCTh CIOKHOU
CHCTEMBI  TPAaHC(OPMHPOBATH CBOM  XapaKTEPHCTUKH  0Oe3

BHCUIHHUX B03ﬂeﬁCTBHﬁ, oA BJIMAHUEM MCJIEBBIX YCTAHOBOK M
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BHYTPCHHETO TMOTCHIHAJIa CHUCTCMBI. CucremMa cuMTaeTcs

caMoopraHmsyrouieiics, ecau oHa 0e3 LeJIeHANPaBICHHOIO
BO3ICHCTBUS W3BHE o0OpeTaeT HOBYIO CTpyKTypy. [Ipormecc
CaMOOpraHM3allid  HAa4YMHAeTCss € HECTa0WIBHOTO |
HEYCTOHUUBOIO COCTOSHUSI CUCTEMBI, KOTOPOE CIIYy>KUT OCHOBOM

(Oa3UCHBIM COCTOSTHHEM) IBOJIOLIUH.

CamMoopraHu3anust He Co3/1aeT HOBble OOBEKThI, OHA CO3acT
HOBBIE COCTOSHUSI OOBEKTOB, OTBETCTBCHHA 3a YBEJIMYCHHE
CJIO)KHOCTH CTPYKTYP U 32 yBelIHueHHe pocToTsl. 6o cnoxHoe,
obnagas TeM IPEUMYLIECTBOM, YTO HMeEET OOJbIIe CTEIeHU
cBoOoabl. OHAKO OHO, B CPAaBHEHHH ¢ OoJiee MPOCTHIM H Ooliee
HoziBepKeHo zAedopmManusaM, u Oojee YSI3BUMO CO CTOPOHBI
BHEITHHX BO3MYILEHHH, ITOCKOJIBKY HMEeTCsi OOJble KaHAJIOB
BO3JEiCTBUS HAa Hero 4eM Ha npocroe. CaMOyCIIOKHEHHE H
CcaMOYTIPOILeHHE SBIAETCS co00i B popMe /1BE CTOPOHBI OJHOU
MeTaji, YTO O0ECIeYHnBACT ABTOPETYISLHIO YCTOWYHUBOCTH MU
HaJI©KHOCTH cHcTeMbl. [lon Hell Takke HMOHMMAaeTcsl MPOIecc
NPUBENICHHUST COCTABIIIOMIMX CHCTEMBl K EIMHOI Mepe Moj
BO3JIEHCTBHEM BHYTPEHHHX CHJI - ICTOYHHKOB

CaMOynopsIAI0YCHMA, CaMONIPON3BOJIBHOTO HAKOIUICHHUA

nHpopmarmu u mp. [1].

Kaszanmoce OB, YTO JKOHOMHKA CTpPaHbl (YHKIHOHHDPYET,

BBINIOJIHSIET CBOIO  337ayy IO/ BIMSHMEM TIOCYyJapcTBa,
OpraHu3alii U OTACIbHBIX JIOAEH, U MEXIYy SKOHOMHUYECKOMN
CHUCTEMOH W TIOHSATHEM CaMOOPTaHH3AIl[MH HUKAaKOro OO0IIero He
HaléTcs, TOCKOJBKY YENOBEK CaM COBEpIIAeT KaKoe-JIHOo
JIeiCTBHE U OKa3bIBAET HA YKOHOMUKY BiausHUe. OHAKO 10 Mepe
YIIyOJieHWsT TO3HaHWSA, NpPEACTAeT Iepel HaMH HHOW, HO
IpaBAUBBIN (1)aKT, HEMOUIC)KAIIIMNA COMHEHMIO, YTO SYKOHOMHKA
mo0o#l CTpaHbl, B TOM YHCIe W 3KOHOMHKa Kwutas, Oymydn
CHCTEMOI CJIOKHOM I[E€TOCTHOM, IBUTAETCs 110 CBOMM 3aKOHaM, a
JIIOJY, TIPaBUTEJILCTBO WIJIM OPTaHU3aIUsl BCErO JIUILb 3JI€MEHTHI-
KJIETOYKM JIaHHOW CHCTEMBl, Mbl HE YyIpaBiseM ei, a eé
JJICMCHTaMHU, COBep[HeHHOS HaMUu }161>'ICTBI/IB BIIMSJCT HaA HHX,
CUCTEMa YCIIOXKHSETCA, TMPEeBpaIlasch OT MOpsIKa B Xaoc JTHOO
Hao0OpOT ymporaercsi, OT xaoca, AedopMaluu B IMOPSIOK H

CTaOUIIBHOCTb.

Camoopranuzanust BBICTYNAeT KaK CBOWCTBO MPOSIBICHUS
BHYTpPEHHEH aKTUBHOCTU CHUCTEMBI, €€ pPa3BUTHA (PBOJIOLUH).
Pa3zBuTHe sBiIsIETCS MPOLIECCOM HENPEPHIBHOTO MOJIOKUTEIBHOTO
U3MEHCHUS MoKa3aTeieH,

OCHOBHBIX  Pe3yJbTHPYIOLIUX



XapaKTePHU3YIOLIUX COCTOSIHUE cucTeMbl. Hampumep, oCHOBHBIMU
MOKA3aTeJSIMH, XapaKTePH3YIOMIMMH Pa3BUTHE SKOHOMUYECKOH
CHCTEMBI, BBICTYNAIOT: BaJIOBOH BHYyTpeHHHH nponykt (BBII),
HMHJIEKC 4eJI0BEYECKOT0 pa3BuTUA 4p), BaJIOBOM
HauvoHanpHBIH moxon (BHJ) wu amp. J[lamseii mporecc
00yCIIOBIBAaET HEOOPATHMBIE H3MEHEHHUS B OTKPBITHIX CHCTEMAX,
HalpaBJICHHBIC Ha CHIKEHHE SHTPOIINY U YBEINUCHUE OPS/IKA 1
camoopranuzanyd [3].

3. Pewenue paccmampugaemoii npooneml

CrenyeT akIEHTUPOBAaTh BHUMaHHME HAa 3KOHOMUYECKYIO
cucteMy Kwuras, ee crabwibHOCT, M 0€30macHOCTb, M Ha TO,
KakiuM 00pa3oM IOCTHUTHYTh COCTOSIHUSI TApMOHHUHU B IEJIOM H
TapMOHHM MEXAY €€ COCTAaBIIOIUMU dacTsaMu. IlepelimeM k
KOHKPETHOMY KOHTEKCTY.

[Ipennpunsaras KuTaiickuM mnpaBUTeNbCTBOM B 1978 roay B
Kurae nommtrka mno pedopmMe M MOTHATHIO OTKPBITOCTH
KOPEHHBIM 00pa30M Ha Jieie He CO3/1aia HOBYIO CHCTEMY, a JIUIIb
9KOHOMHMKA IIepeluia K HOBOMY COCTOSHHMIO. VIHBIMH cllOBaMH,
SKOHOMHKa Kwuras B maHoBod ¢(opme BHIONHSIA CBOIO
¢ynkumio 1o 1978 roma, kak mpocras cucTeMa, HOAYHMHSBIIAS
IUIaHaM M [IPUKa3aM IPaBUTENBCTBA U C MEHee JUHAMHYHOCTHIO;
mociae 1978 roma HayaloCh BBIIOJHEHHE HOBOH IOJUTHKH,
CHCTEMa YCJIOXKHSIACh B KAKOM-TO IUIaHE, Ja)kKe€ MOXKHO Ha3BaTh
e ysa3BUMOH, HMOO TOBBICWICS YACNbHBIH BEC BIHAHUS OT
BHEIIHNX (haKTOPOB, YCHIIMIIACh TEHACHIHS Xaoca, 3aT0 CHCTeMa
CTaja JOUHAMHU4YHee, OOpeTaB [IOCTaTOYHyl0 cBoOOdy, |
rapmMoHnyHee. OOOCHOBAHUEM CIY)KUT TO, YTO TAPMOHHUS — 3TO
BOBCE HE TOT Clly4ail, KOrJla B CHCTEME CYIIECTBYET M MOXKHO
CYIIECTBOBATh TOJBKO EIMHCTBEHHAS CHJIA, IMOJABISAIOMAs MU

JIOMUHUPYS HaJl BCEM JPYTHM.

lapMoHMS — 3TO MHOTOpa3IH4He, MPOTHBOCTOSHHE ABYX
CTOpOH eauHoM cymiHocTH. «Kak ciemyer w3 mpeablayuiero,
HETIPEeJIOKHBIN (aKT PealbHOCTH COCTOMT B TOM, YTO B MHpE B
LIEJIOM U B KXKIOH ero "KJIeTouKe" CyIIecTBYeT POTUBOCTOSHIE
JBYX CTOPOH €IMHOI CYIIHOCTH: CBETJIBIX M TEMHBIX CHJI (Hayal),
CO3MIAHMS W pa3pylIeHUs,
(opranuzarum)...» [2].

KU3HU HW CMEPTH, TOpAdKa

O rapMOHHMHU TOBOPUTCS M B faocu3Me, «OHO poxaaeT 1Ba
(Usp u SH), 1Ba pokgaeT TpH, TPH POXKIAET BCIO TEMY BeIIEH,
BCce Bemu HecyT B cebe MHp u oOHMMAOT SH...», CMBICT
OOBSCHSNIN TO-PA3HOMY, HCTOJIKOBBIBAEM MBI TaK: U3 €IHHOTO
(Hauaua)
YHUBEPCAJbHbIN

MoCpeaACTBOM IIYyCTOTBI BO3HHUKACT JBa KaK

MOpOXKIAOMMK  npuHImMn. W3 nBOMKM
TTOCPENICTBOM BE3JIECYIIHOCTH HEHAMYHUS TMOSBIIETCS TPU Kak
NPUHIMI pa3HoOOpa3us Cyllero, a TpoWKa AaeT XHU3Hb BCEM
BemaM. MHp # SIH MPOTHBOCTOAT APYr APYTYy, MpUYEM OHH H
TATOTEIOT APYT K 1apyry. K mpumepy, B anemeHTapHO#H (u3uke,
€CITM DIIEKTPOH TPHHATO paccMaTpuBaTh Kak Ty CaMyro
«EIMHUILY», TO DIEKTPHUYECKOE HANpPsDKEHHE, OyIydr pa3HOCTHIO
MOTEHIIUAJIOB, Pa3/IeisIeT Ha TOJOXKHUTEIbHOE U OTpULIATEIIbHOE,
kak MHb 1 SIH, 5TH 1Ba POTUBOIIONIOKHEIE MEKIY APYT IPYTOM,
OJIHAKO 32 CYET pa3IMyusl W  TATOTEHUS  BO3HUKAET
DIIEKTPUYECKUIA TOK, KOTOPBIA OE3yCIIOBHO, SIBISIETCS OIHUM H3
BaXKHEHIIIHX Halei

HCOTHCMIICMBIX COCTaBJIAIOIINUX

LMBUIN30BAaHHOM KHU3HU.
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4. Pe3ynvmamol u OucKyccus

Pa3BuTHE COBpEeMEHHBIX IrOCYAapcTB HEU30EKHO CBSI3aHO C
3¢ GeKTHBHBIM o0ecreueHeM COOCTBEHHOH 3KOHOMHYECKOMH
Oe3omacHOCTH. OKOHOMHYECKass O€30MacHOCTh - COCTOSHHE
9KOHOMUKH, IPH KOTOPOM 00€CIIeUNBAETCS TOCTATOYHO BBICOKUI
W YCTOWYMBBIA  OKOHOMHYECKHH  pocT;  3ddexTuBHOE
SKOHOMHUYECKHUX IOTPeOHOCTEH; KOHTPOIb
roCyJapcTBa 3a JIBIDKCHHEM W UCIIOJIb30BAHUEM HAIIMOHAJIBHBIX
pecypcos;
HAIIMOHATBHOM U MEXAYHApOAHOM ypoBHSAX. OIHUM CIOBaMH,

YJIOBJIETBOPEHUE
3alliTa SKOHOMUYECKHX HHTEPECOB CTPaHbl Ha

caMa CHCTeMa DJKOHOMHMKH CIIOCOOHO 00€ecreunBaTh CBOH

BHYTPEHHIOIO u BHEIIHIOIO TapMOHUH, ObITh

CaMOOpFaHHBOBaHHOﬁ IIpY BOSMYIICHUH BCSAKHUX BUJIOB (baKTopa.

Ha ocHOBaHWH BBIIIEHU3I0KEHHOTO O TapMOHHU3allUud U
camMoopranmsanvy, MOXKEM JClIaTb 3aM€4aHUuE€ O TOM, YTO

JKOHOMHKA JIOJDKHA  PYKOBOJCTBOBATbCA  T'apMOHHYHBIMH
COOTHOIICHUSMU YTOOBI JIOCTHYb 0aaHCcoBOrO,
OpraHU30BaHHOTO COCTOSTHUSL. Hecobmonenve 3TOro
OCHOBOIIOJIATAIONIET0  MpaBHIa [PUBOJUT K  HAPYLICHHIO

MIPUHIUIIOB YCTOWYMBOCTU MCKYCCTBEHHBIX CYNEPCUCTEM, B TOM
YHCJIe CUCTEMBI SKOHOMHYECKOH 0€301acHOCTH, BOSHUKHOBEHHIO
MaKpOKOHOMUYECKUX AUCIIPONIOPLUH, CO3JaHUIO YCIOBUH s
TpaHcepa kpuzuca [4].

B cocraB skoHOMHUYECKOH O€30MAaCHOCTH BXOAAT TaKue
JJIEeMEHTHl, Kak ()MHAHCOBAs W DKOJIOTHYEcKas Oe30I1acHOCTb,
0€30MacHOCTh NMPOMBIIIIEHHOCTH M TOPTOBIX M TIpP., IPHBOIIM
MIPUMEPBL: YPOBEHb Hanoroobmoxenuss u uuaekc Jhxwuan. C
OJTHOI CTOPOHBI, MBI y3HaeM OOCTOSITEIBECTBO IKOHOMHYECKOM
OezomacHocTn KuTas B HEKOTOpPBIX IDIaHAX, MOCPEICTBOM
aHaJIN3a JaHHBIX, C IPYTOH CTOPOHBI B 3TUX MPHUMEpax MOKa3aHo,
YTO B)KHO COOJIIONATh HEKHE MPABMIIA, YIIOMSIHYTHIC B BHICIIEM
TeKCTe — TIpaBWJIA, JOKA3aHbl MAaTEMAaTHYECKUM METOAOM H
LIMPOKO TPHUHATBIE B MHPOBOW MPAKTHKE, CBS3aHHBIE C

rapMOHHEH, B JACTHOCTH, C 30JI0THIM CEUCHHEM.
IIpumep 1. YpoBeHb HalOrooONOXKEHUS CTPaHBI, WM Kak

Ha3beIBaeTcs Mapabonmyeckas moaensd A. Jladgepa:

Ob6nacTk «KOHCTpYKTUBHOro» 0,38-0,62

ObnacTb «0eCTPYKTUBHOIO»

ObBnacTe KKPMMUHANLHOro»

Hanoroeele noctynnexus

Hasnauenne crtaBkM Haiora OOJbIIE HyJIs1 OPUBOIUT K

pOCTy HaJOrOBBIX MOCTymjieHuil. PocT cTaBku Haioros
obecreynBaeT pPOCT JOXOJOB TOCYHapcTBa B  pe3yibTaTe
HajorooOnoxxeHuss. B ompeneneHHO  TOYke  HAlIOTOBBIE

MOCTYIVICHUSA CTAHOBATCS ONTUMAJIbHBIMU (MaKCI/IMaIlI)HbIMI/I), a
3aTeM yMEHbLIAoTCs 10 Hyns. Takum o0Opa3oM, MakCHMajbHbIC
HAaJIOTOBbIE MOCTYIUIEHHUs HaxoaaTes Mexay 0 u 100 %.

A. Jlapdep paccMoTpern ciaydaid, KOTAa CTaBKa HAJIOTOB B
50 % obecneunBaeT MaKCHMAJbHBIE HAJIOTOBBIE MOCTYIUICHHS.
Ecmu craBky HajoroB mnoxHsATh Oonbme 50 %, HamoroBble



[OCTYIUICHUS YMEHBIIATCS, T. €. HAJIOrOBasi BbIPYYKa HAYHET
CHIDKATBCSI, XOTsSI CTABKH Hamora Bospactyr. Toro ke sddekra
MOKHO JOCTUTHYTh, YMEHbBILIAs CTABKY HAJIOroB [5].

B nanHOM ciydae B KuTae cTaBKY TJIaBHBIX HAJOTOB: HAJOT
Ha npubsute npemnpustus — 25%; HAC — 17%; nomoxoaHsIi
Hayor — oT 3% 1o 45%, pa3Mep 3aBHCHT OT YPOBHS 3apabOTHOU
orIaThl Jiuia. XOTs BCe 9TH JaHHBIC TCOPETUICCKH HAXOATCS Ha
pallMOHAIPHOM JHWamna3oHe, M OQHUUATBHO MHUHHCTEPCTBO
(hMHAHCOB HEOJHOKPATHO 3asBIIICT, YTO B CTPAHE ONTHMATbHAS
HAJIOTOBasl CHCTEMa, KOJMYECTBO BHJIOB HAJIOTAa COOTBETCTBYET
MPaKTUYECKON CHUTyallMM, OJHAKO CYIIECTBYIOIIMH B Hel
«TEHEBOW COCTaBy» HEJb3s1 UTHOPUPOBATH, HHBIMH CIIOBAMH — Ha
Jieqie BBICOKOE KOJIMYECTBO Pa3HOBHIHBIX HAJIOTOB, B 3TOM IUIaHE
HAOJFOIAeTCs TUCTAPMOHHUSL.

[pumep 2. Unnexc xunn:

Gini Index
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No data
CornacHo wuHpopManmu B Buxunemun, xodddunment

JxunHu sBisiercs yucaoM Mexnay O u 1, re HyJlo COOTBETCTBYET
MOJTHOE PABEHCTBO (KOT/a KaXIIbIi IMEET OJIMHAKOBBIN JIOXO[), a
euHKIe — a0COMOTHOC HEPaBEHCTBO (KOTIa OIMH YEIOBEK
HMEET BCE JOXOJIBI, a BCE OCTANIbHBIE — HYJIEBOH JOXON).

Ecim MBI akiieHTHpYeM BHHUMaHUE Ha OOLIMIT IOXOJ CTPaHBbI,
Hanpumep, BBII, BBIl Ha nym HaceneHus, TO OOHapyXHM
BTOPOH BHJ JMCTapMOHHH COLHATEHO-9KOHOMHYECKOI CHCTEMBI
B Kwurae: HepaBeHCTBO JOXOJOB MEXAy HaceICHHEM,
HEpPaBEHCTBO MEXIy PETHOHAMH BHYTPH CTpaHbl. IlekmHCKmiA
YHUBEPCUTET paHee OIyOnuKoBaJd OTYET T1OJ Ha3BaHHEM
«Pazpurie HapoaHOTO OMarococrostHus B Kurae 2015». B otuére
roBOpHTCs, 4YTO KOdpduumenT JKUHM JOXOMOB KHUTAHCKUX
Tpak/laH, TO €CTh MOKa3aTelb CTEIIEHN PACCIOSHUsS O0IecTBa, B
Kurae B 80-x rogax cocrasnsin 0,3. B HacTosimee BpeMs OH yxe
moctur 0,45. A xodp¢urment JHKUHH JIMIHOTO COCTOSHHS

KHTAMCKHX CeMel cTai (S11( Ooulble B HaCTOANICC BpEMA.

Taxxe B oTuére oTMeuaercs, uTo 1% caMbIX 3a)KUTOYHBIX
KHTaiCKHX ceMeil 0oO0NamaloT ONHOW TpeThbel YacThl0 BCEX
HAIlMOHAIBHBIX OOraTcTB, B TO BpeMs Kak 25% cemeii ¢ caMbIMU
HU3KHMH JI0XOJIaMHA HMMEIOT BCero OKojo 1% HalMOHAIbHBIX
OorarcTs.
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5. 3axnwuenue

HpOBeHeHHO@ HCCICI0BAaHUC TIO3BOJIMJIO MOJIYYUTh

HEKOTOpBIC SMIIMPHYECKHE BBIBOABL, CYyTh KOTOPBIX OTPaXalOT
Clelylolue MONOXKEeHUs. beinm  pa3paboTaHel  3IEMEHTEHI,
JOTIONIHSIOMNE M KauyeCTBEHHO OOOrallaroliue TEOPETHUECKYIO
0a3y TeopHM CaMOOpraHHW3allH, a Takke (OPMATBHOTO
ONUCaHMs PA3BUTHUSA SKOHOMHYECKOH cucrembl Kuras c¢ Touku
3peHUs] CaMOOpPraHM3allMd W TapMOHM3AIMH, HCCIENOBAT
9KOHOMMKY CTpaHbl KaK CHCTEMY, MPOBEI aHAIHM3bI 110 BOIPOCY
9KOHOMHYECKOW  Oe3omacHocTH  Kuras  co CTOPOHBI
SKOHOMHMYECKHX MOKa3aTelied — ypOoBEeHb HaJOTOOOIOXKEHHUS M
uHnexkc JxuHU, 4TO0 B

9KOHOMUYECKOM

HEOCTIOPUMBIH
cucreme Kwuras

tdakt B TOM,
MPOSIBISIIOTCA  (DaKTOPHI
JMCTAPMOHHM ¥ HeCTaOMJIBHOCTH, OKAa3bIBAIOIME HETaTHBHOE
BIMsHAE Ha obmecTBo. OmHAKO CTpaHa 3aHUMAaeT MAENO 0
JOCTYDKEHHUIO cBoeil Lenu. Beerna cymectByer qucrapMoHus, U

BCErJa Ba)XHEC rapMOHUU JOCTUYb.
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