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GREEN CHEMISTRY: CARBON-BEARING MINERALS AS A SOURCE OF
NANOCARBONS

Prof. Huczko A.™, Dr Dgbrowska A.}, Dr Fronczak M.%, Dr Strachowski P.}, Sokotowski S., Prof. Bystrzejewski M., Prof. Subedi D.P. 2, Dr
Kafle B.P.2
Department of Chemistry, Warsaw University, Warsaw, Poland*
School of Science, Kathmandu University, Dhulikhel, Kavre, Nepal2
“ahuczko@chem.uw.edu.pl

Abstract: Natural abundant, cheap and widely used raw materials like calcite, magnesite and dolomite contain elemental carbon up to
several wt percent. Such rocks have been chemically processed here using combustion synthesis route to yield novel nanocarbons including
two-dimensional graphene-like structures. The fast and efficient reduction of powdered minerals with strong reducer (Mg) produces, after
chemical wet purification, carbon nanomaterial which was analyzed using different techniques like XRD and SEM. This ‘combustion’ process

was followed on-line to evaluate reaction duration (usually within 1 sec).
Keywords: COMBUSTION SYNTHESIS, CARBOB-BEARING MINERALS, NANOCARBONS

1. Introduction

Carbon is one of the most important elements in the world as it
builds both organic and inorganic matter. Till XX century only two
allotropes of carbon were known, graphite and diamond (in addition
to amorphous carbon, i.e. soot or carbon black). Recent decades
brought into a daylight, however, new nanocarbon allotropes®. In
1985 the fullerenes were discovered?, with the importance of the
discovery honored with a Nobel Price (1996). Soon later, carbon
nanotubes (even called the ‘black diamonds of XX century’) were
shown to the world (1991)°. The very beginning of the XXI century
brought one, even more important discovery of next new carbon
allotrope — graphene”. Graphene and graphene-related nanomaterials
are indeed a revolutionary materials. They have many applications
replacing conventional materials as well as the ability to support
applications previously not possible before the advent of two-
dimensional materials. The applications of graphene are truly
endless and many are yet to be conceived of°.

Essentially, the nanomaterials are synthesized using either ‘top-
down’ (miniaturization) or ‘bottom-up’ approach. The latter one
makes the use of the smallest ‘building blocks’ (atoms, ions and
molecules) which form nanostructures via coalescence and
coagulation during quench. Those starting promoters are usually
produced via high-energy activation of a bulk material (i.e. plasma,
laser or high-temperature activation). Dyjak et al.® synthesized an
intriguing carbon nitride C3sN, via high-temperature pyrolysis of
melamine. In a search for novel nanocarbons, Manning et al.’
prepared the exfoliated graphite (in minuscule, however, amounts)
from fluorinated graphite already in 1999 using inductively coupled
Ar plasma. High energy consumption is, however, a drawback of
the listed routes.

Here we propose a SHS (Self-propagating High-temperature
Synthesis) approach for the formation of nanocarbons. SHS also
termed combustion synthesis (CS) is a strong high-temperature,
exothermic and autothermic, and fast redox reaction that leads to
the formation of new thermodynamically stable nanomaterials with
structures often not obtained under conventional conditions®. We
reported earlier® that silicon carbide nanowires were efficiently
synthesized via silicon-polytetrafluoroethene thermolysis. Later on,
the solid carbon nanomaterials were successfully obtained using the
reduction of different carbon-bearing compounds. Thus, Dabrowska
et al.’® atomized different carbonates by using strong reducers to
obtain novel nanomaterials. Such research was later continued
towards the heterogeneous autothermic reduction of CO, and CO to
elements using the following reducers: Li, Mg, Ca, B, Ti, Zr, and
A", The solid product contained the layered graphite and
nanocarbides. Novel carbon nanostructures were also obtained by
Huczko et al.'? from the mixtures of strong metal reducers and

strong oxidizers (fluorinated graphite, TEFLON®, PTFE and PVC).
Few-layered graphene was also produced via reduction of graphite
oxide and fluorinated graphite using different reducers™. Recently,
Dyjak et al.** prepared porous graphenic nanomaterials through a
self-sustaining magnesiothermic reduction of oxalic acid.

Here, we’ve extended such research into a field of ‘Green
Chemistry’ — processing of cheap and abundant minerals (which
contain elemental carbon) via combustion synthesis. Specifically,
the minerals (natural carbonates) of Polish and Nepal origin were
chosen as oxidants with a relatively high content of elemental
carbon. A phthalic acid, as a pure carbon-bearing reference reactant,
was also reduced with magnesium.

2. Experimental

The reduction of carbon-bearing compounds was carried out in
the stainless-steel high-pressure vessel (volume 375 cm®, Fig. 1)
following the protocol outlined earlier®. The reactor (a modified
bomb calorimeter) is resistant to extreme process parameters (very
high temperature, pressure gradients, and chemically aggressive
reaction environment) and was pre-tested at the pressure up to 10
MPa.

(1) valve
(2) lid
(3) electrodes
(4) ignition wire
(5) quartz crucible
(6) powdered
reactants

N
N
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N

Y JIIIIIIIIIIIIIIIIIEs

7 cm
|

Fig. 1. Modified bomb calorimeter as a CS reactor

A stoichiometric mixture of the reactants (Mg powder/carbon-
bearing oxidant) was powdered and loaded into the quartz crucible
under the pre-planned atmosphere (Ar) and pressure. The reaction
was started by the resistive heating of the crucible with the igniter
(carbon thread). After combustion and cooling down the system the
solid raw product was collected. The product was later purified
(leaching of Mg/MgO compounds using hot 3M HCI). The final
sample contained mostly carbon (its content was analyzed using the
elemental analysis). Both raw and purified products were examined
using SEM (morphology) and XRD (phase composition) analyses.
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3. Results and Discussion
3.1. System Mg/C¢H4(COQH),

The combustion of minerals was pre-tested (2 runs) with the
magnesiothermic decomposition of the phthalic acid, a carbon-rich
(58 wt% of C) commodity chemical produced on a large scale,
following the reaction scheme

4 Mg + CgH,(COOH), =8 C +4MgO + 3 H,

For a better conversion, 2-fold excess of a reducer (Mg powder,
below 40 um) was used. The operating parameters of combustions
are shown in Table 1.

Table 1. Combustion of Mg/CgH4(COOH), mixture

Run # 1-1 1-2
Combustion
atmosphere/ Ar, 0.1 Ar, 1.0
Starting pressure, MPa
Peak pressure, MPa 11 32
Starting mass of 6.55 7.21
reactants, g
Mass of solid product, g 6.08 6.57
Mass decrease, % 7.2 8.9
Starting mass of raw 6.04 6.2
product, g
Mass of purified 231 2.45
product, g
Mass decrease, % 61.8 60.5

The combustion was easily initiated and strongly exothermic
reaction was accompanied by a distinct pressure increase. The mass
decrease of reactants was relatively low (below 10%) thus
confirming the desirable reaction scheme. Puffy, greyish/blackish
product was collected and leached with HCI. Up to 40 wt% of the
raw product was recovered as an insoluble blackish residue (carbon-
containing phase). The change of the starting pressure does not
seem to influence the process. Fig. 2 and 3 present the
representative images (SEM observation) of the raw and purified
products.

Fig. 2. Run # 1-1. SEM images of raw (A-B) and purified (C-D)
product

T By B B e WA =
Fig. 3. Run # 1-2. SEM images of raw (A-B) and purified (C-D)
product

The raw product is dominated by nanometric crystallites of MgO,
with some larger particles of un-reacted Mg. The leaching
essentially does not change the product morphology thus
confirming that the vast part of produced MgO is covered with a
thin nanocarbon layer, insoluble in HCI. The EDX analyses of
purified products fully confirmed that observation (Table 2).

Table 2. The results of EDX analyses of purified products

Run # 1-1 1-2

C content, wt% 61-63 72-75

O content, wt% 18-23 13-16

Mg content, wt% 15-19 10-11

The results of those reference combustions showed that magnesium
effectively reduces oxygen-containing organic matter yielding the
final nanopowder composed mostly of C (60-70 wt%). This
nanocarbon material dominates the purified product which,
however, still contains MgO nanocrystallites encapsulated in a
carbon shell.

3.2. System Mg/magnesite MgCOs; (Szklary, Poland)

The composition of magnesite (mostly nanometric powder, Fig.
4) was analyzed with EDX technique (the spectra not shown here).
The results (C, Mg, O and Si content 7.7, 21.3, 49.8, and 20.3 wt %,
respectively) confirmed that it is mostly composed of MgCO; with
some silica/silicates admixtures, as expected for a mineral.

Fig. 4. Fine-grinded magnesite (Szklary, Poland)

The mineral was reduced with magnesium (Mg powder, below 40
um) following the reaction scheme

2 Mg + MgCO; = C + 3 MgO
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This reaction can be, however, accompanied by the parallel thermal
decomposition of magnesium carbonate with the evolution of
carbon dioxide carrying away the carbon from the solid products

MgCO3 — MgO + C02

Thus, the final composition of the solid product is governed by the
kinetics of both competing reactions. The operating parameters of
all combustions (stoichiometric composition of reactants) are shown
in Table 3. In runs 2-2 and 2-4 the starting mixture was additionally
ball-milled (2 h) in hexane.

Table 3. Combustion of Mg/magnesite mixture

Run # 2.1 2-2  2-3 2.4
C&?ﬁ%ﬁ'g;gﬂ}?ﬂgﬁ:’ ArL01 A0l AL10 Ar,10
Peak pressure, MPa 0.4 0.3 1.9 1.9
Starting mass of reactants, g °47 346 | 6.91 = 3.38
Mass of solid product, g =~ >24 =~ 316 607 316
Mass decrease, % 4.2 8.7 12.2 6.5
Starting mass of raw 4.77 27 5.19 254
product, g
Mass of purified product, g = 094 ~ 051 082 0.42
Mass decrease, % 803 = 811 842 835
Combustion duration, sec |~ 292 | 3.34 13 227

The reaction mixture was easily and effectively combusted with
a pressure jump caused by a heat-up of reactants and the evolution
of hot gaseous by-products. The mass decrease of starting mixture
was found to be within ca 10.0 wt%. Thus, one can conclude that
the thermal pyrolysis of a carbonate (directly into MgO and CO,) is
responsible for the loss of only below 20 wt % of starting carbonate
while its almost total conversion is dominated by a fast (well below
5 sec, Table 3) direct magnesiothermic reduction following the main
reaction scheme. This conclusion was confirmed by the elemental
analysis (C content) of reactants. Puffy, greyish/blackish product
was collected and leached with HCI. The mass of purified product
was monitored and compared to that of raw material. In agreement
with the reduction stoichiometry up to 20 wt% of the raw product
was insoluble (carbon phase). Neither the change of the starting
pressure nor the prolonged milling in hexane influenced the process.
Fig. 5 presents the representative images (SEM observation) of the
reactants.

The starting reactants (A-B) are inhomogeneous mixture of
micron-sized particles which, during the combustion, form mostly
the conglomerates of nanosized MgO crystallites. Those are
essentially removed during the acid leaching but the nanostructure
of the solid residue (mostly carbon material) is still preserved. New
structures are, however, also spotted in a purified product, i.e.
nanowires (probably SiC%® and layered graphene-related
nanomaterial. XRD spectra of selected samples are shown in Fig. 6.

Mg and MgCO; are the main components of starting mixture
(A) with some silica/silicates as the minor impurity of a magnesite.
The XRD spectrum of the raw product (B) is completely different
thus confirming the deep transformation of the magnesite during the
reduction. MgO dominates the product with some traces of un-
reacted Mg. Carbon phase is also present while silicon elemental
phase presence is the result of either silica/silicates or crucible
material magnesiothermic reduction. Carbon phase dominates the

Fig. 5. Ru 4 2-4, SE images of starting mtre (A-B), W-D)
and purified (E-F) product
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Fig. 6. XRD spectra (run # 2-2) of selected samples: A — starting
mixture; B — raw product; C — purified product

purified product (C) while SiO,, Si, MgO, and SiC are the side
admixtures still present in the sample. The composition of the
purified product confirms that alkaline components have not been
removed during the acid leaching while SiC was formed from
elemental silicon and carbon which dominates the reactants.
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The EDX analyses of a purified product fully confirmed that
finding with the following content of the main elements: C — 51.7,
Mg - 0.9, O - 16.5, and Si — 30.9 wt %.

3.3. System Mg/dolomite (Kavre,Nepal)

Powdered dolomite (calcium magnesium carbonate) was also
reduced with Mg metal via combustion synthesis following the
reaction scheme

4 Mg + CaMg(CO3), =2 C + CaO + 5 MgO

Again, the parallel high-temperature thermal decomposition of this
complex carbonate is also possible. All combustions were easily
initiated and greyish/blackish fine powder was collected for the
purification and the following analyses. The operational parameters
of those combustions are shown in Table 4.

Table 4. Combustion of Mg/dolomite mixture

Run # 3-1 3_2
Combustion atmosphere/ Ar, 0.1 Ar. 1.0
Starting pressure, MPa
Peak pressure, MPa 1.0 2.0
Starting mass of 711 10.05
reactants, g
Mass of solid product, g 7.04 9.96
Mass decrease, % 1.0 0.9
Starting mass of raw 6.78 961
product, g
Mass of purified 0.71 13
product, g
Mass decrease, % 89.5 86.5

The very law mass decrease (ca 1 wt%) of solid reactants during
combustion confirms practically the only reaction channel as shown
in the desired scheme above. Above 10 % of the solid product
(nanocarbon phase) was recovered after the purification stage. The
change of the starting combustion pressure thus not seem to
influence the process confirming its course entirely in solid-liquid
phase. The representative SEM images of the selected products are
shown in Fig. 7.

|g. 7. Run # 3-2. SEM images of raw (A-B) and purified (C-D)
product
The raw product (A-B) is an inhomogeneous mixture of un-reacted

micron-sized Mg particles and agglomerates of nanostructured
matter (mostly MgO). The purified blackish product (C-D) contains

mostly MgO nanocrystallites covered with a thin carbon layer.
Some intriguing one-dimensional and layered structures
(nanocarbons?) can also be spotted in the product.

The non-linear course of combustion synthesis allows to obtain
a nanomaterial, which may be impossible to obtain by conventional
methods. The SHS processes, however, are susceptible to changing
initial conditions and phase transformations of reactants disturbing
heat and mass transport in the system. The consequence of such
phenomena causes a difficulty in process modeling, which makes it
impossible to predict the final synthesis product. The attempt to
optimize the process involves time-consuming parametric studies,
which makes the calculations of equilibrium thermodynamics often
too much simplified. Lack of sufficient information on transient
compounds prevents the modeling of process kinetics for higher
orders of reaction. In the answers to these limitations the methods
arose that investigate processes based on propagation combustion
wave, using fractal analysis or identification of compounds at their
stage follow-up reactions using time-variable analysis of the light
signal on based on registered images.

In the combustion synthesis process, the heated reactants emit
the radiation that is responsible for variable light signal. Optical and
/or spectral registration of such a signal can be used in the process
diagnostics to measure the duration of the flash or other parameters
accompanying combustion.

The flash sequences for the synthesis # 2-1 and # 2-3 were
photographically recorded by means of a Pentax digital camera with
HD resolution of 1920x1800 and speed of 30 frames per second
(duration of one frame is about 0.03s). Based on divided and
selected frames, combustion maps have been made for each test
from photos arranged in the progress sequence (from left to right).
On the basis of these data it was possible to determine the flash
time, maxima, qualitative mileage and occurrence of follow-up
reactions. Fig. 8 and Fig. 9 present representative combustion maps
for those synthesis with an initial pressure of 0.1 MPa and 1.0 MPa.
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Fig. 8. Combustion map for run # 2 —

Fig. 9. Combustion map for run # 2-3

For the run # 2-1 the flash lasted about 3.34s and the maximum
reached after 0.81s. The observed extended flash-out times were
slower and the passage of the combustion wave was smoother than
in run # 2-3. For the run # 2-3 the flash lasted about 1.30s and the
maximum reached after 0.07s. A rapid flash was observed and a
greater scattering of the solid product was found within the reactor.

4. Conclusions

Carbon-bearing synthetic (phthalic acid) compound and natural
minerals (magnesite of Polish and dolomite of Nepal origin) were
processed via fast magesiothermic and autothermic reduction. The
resulting solid product was chemically (wet chemistry) purified to
yield mostly carbon-containing nanomaterial. The presence of
silica/silicates in a purified product calls for the improvement of the
purification protocol. Thus, the raw product should be leached not
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only with HCI but also with NaOH. The produced nanosized carbon
material should present the prospective applications, i.e. as an
adsorbent, substrate for catalyst, and a component of electrodes in
electrochemistry (lithium ion batteries and fuel cells).
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Abstract: The special design process of an efficient residential house energy saving energy system is presented in this work. The main
objectives are to achieve major energy cost reductions, providing safe house and reliable service. Thus, the essentials tool of the system will
focus on providing useful information for the user by continuous monitoring and recording of the consumption behaviour of the operating
appliances, also will raise early alarms in case of fault detection by high temperature monitoring. The outcomes of monitoring and analyzing
the real power demand of group of typical house appliances is then used as a case-study for proposing further tools such as consumption
forecast, tariff comparing and scheduling tools. Rule based system was designed for efficient and reliable operation control of house energy
system with distributed energy source and storage units. Lab-View software package is used for implementation of most of the proposed
algorithms which have been tested by variation of possible operating conditions. The results have shown that 22.75% energy savings can be
achieved by applying the proposed tools and control strategies on typical home appliances. Modification of the system is recommended to
include wide range of consumer's types such as industrial and commercial sectors and to include more than one type of distributed energy

sources.

Keywords: ENERGY SAVING, SMART HOUSE, ENERGY MANAGEMENT SYSTEM, LAB-VIEW

1-Introduction: Recent developments in information and
communication technology such as intelligent meter technology,
intelligent smart electrical appliances and intelligent storage
systems, has led to the establishment of the smart home concept,
and aid in building the energy management system infrastructure
(Dounis&Caraiscos,2009). Energy Management Systems (EMS)
technology such as home or building energy management system
which is recognized as the most important element in the smart grid
appear in response to the continuous requirement of high reliability
and demand of increasing safety measures for the traditional power
grid to meet customer satisfaction. Smart houses are expected to
help power companies by dynamically adjusting power
consumption in response to grid conditions, allowing for lower peak
power costs as well as energy and maintenance costs. These savings
help to reduce capital investment and the purchase of excess
electricity from additional generators at peak time. The company's
strategies to reduce the amount of fuel consumed to produce
electricity are the pricing rates and demand response strategies (Li,
2013). Intelligent demand-side electricity use has a significant role
in improving energy consumption by home users, and also effects
on their daily behaviors and activities. The smart meter receives
signals such as the maximum level of power allowed in a specified
period or real-time price signals (Yoon et al., 2014). The flow of
information between suppliers of electricity and consumers helps
the energy management system play a role in demand response
strategies. Where the demand response allows the consumer to
reduce or convert their use of electricity during peak time in
response to changes in prices by controlling the electrical devices
manually or automatically, especially for the appliances of cooling,
heating, air conditioners and water heaters, which considered the
most used electrical appliances for electricity (Augean, et al, 2015).
Real-time optimization and scheduling schemes for power storage
systems and household electrical appliances are planned by the end-
users. The object of the scheduling scheme of the home Energy
Management System (EMS) is to manage the power consumption
of the appliances during the peak and off-peak periods, to reduce
consumption costs and to improve energy use (Shariatzadeha, et al,
2015).

2-Data collection: Dataset of house appliances operating
conditions and power demand are to be available for the purpose of
system testing and evaluating, for the purpose of saving time, effort
and financial cost. When generating a log-file, two rules must be
followed: The first rule is avoiding any appliances data with
missing fragments. The second rule is selecting what local users are
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familiar with and avoid device duplicating. Table-1 shows the nine
selected appliances for the present work house and figure-1 shows
the suggested layout of the proposed house with appliances
locations in addition to solar cells system with their storage
batteries. When selecting development environment for the
software, the followed rule was to search for a powerful
programming software but user friendly at the same time, it is
required to be able to communicate with external devices, able to
send and receive data from the home system components. The Lab-
View software package was selected for implementation of the
system tools and functions.

3-Monitoring: Monitoring of house appliances will start form
major part of the intended design objectives. Suitable monitoring tools
are selected in this work for implementation. Their design criteria
focus on automating instantaneous monitoring or saving data for later
usage such as later analysis and comparisons for various appliances
and delivering useful information quickly without effort even for
beginner energy manager or ordinary user quite simply because it is
going to be user every day partner. Figure-2 shows screen shot which
represents the first system stage that the user will encounter when
operating the software.

4-Individual consumptions: This feature is important and
need to be included in any professional Energy Managing System
(EMS). Although it could be difficult to be applied on all types and
kinds of appliances in the house but at least it should be there for the
important and heavy loads, those loads which need to be identified
causing and driving the peak power demand and also it is important
to identify cyclic loads whose operation could be delayed. In
present work will simulate the case-study house which has nine
major appliances, which are included in the individual loads power
demand profile scheme. A small window of the registered devices
list is included in the left side of the main window and shown in
figure-3. Moving between the different items can be achieved easily
using mouse clicks or moving by arrows in the key boards. One
scheme of monitoring which is implemented in the main screen of
the proposed system is the twenty-four-hour period of individual
power consumption information. When an item name is selected, it
will be highlighted and its load power demand profile will be
updated automatically on the chart, which is shown to the right side
of the list and on the upper side of the system main window. The
chart will provide twenty-four-hour period of individual power
consumption information.  Continuous  monitoring  requires
instantaneous updating with any change in the absorbed power
values. The user will then have the freedom to select any device he
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is interested in showing its load pattern. Following, some recordings
examples are included for some loads to understand the general
operating pattern and the power demand. The operating pattern of
the fridge, kettle and freezer are illustrated in Error! Reference
Source not found as shown in figures, 4, 5, and 6. The lines in the
plot connect the data points and the data points were recorded at five
minutes intervals. The figures show the active power consumed by
the appliances. The operating patterns display the cyclic nature of
the appliances and their energy demand. Another scheme of
monitoring is suggested which is based on keeping record of each
device cumulative consumption over a period of one day for
example depending on the tariff type and details as shown in figure-
7, which illustrates the system idea based on using the traditional
total dayly cumulative consumption meter.

5-Total power demand profile consumptions: Another
scheme is similar to the individual loads power demand profiles
monitoring scheme but it is monitoring the total home consumptions
instead. The consumption sum is calculated on a minute by minute
basis. A chart is continually monitoring and showing a period of
twenty-four hours of the home load profile. The total consumption
reading data for each minute represents the summation of all
appliances consumption data, the summation was performed
internally by the system and the total consumption is plotted with
the time on the x-axis as shown in figure-8. This figure shows the
home uses approximately 250 W/h during low power demand times
and this rise and reaches approximately 2 kWh during peak power
demand times. This is approximately eight times as much power
required during the low power demand time. A similar power profile
exists for different days, the minimum and maximum values will
vary slightly but still in the same ranges.

6-Alarming systems: The previous section focuses on
monitoring of home appliances to achieve one major design
objective of providing home owner with important management
advices and information. Another major design objective of present
work proposed system is to provide alarming services. These
services can be categorized in two main groups; first group design
criteria focuses on alarming of high temperature detection and this is
mainly for supporting safety measures in addition to achieving
power savings, the second group design criteria focus on alarming
regard detecting of any high or up-normal power consumption and
although this is mainly for achieving power savings purpose and bill
payments reducing but could also be used for supporting safety
measures as well. It is important for the proposed system to have the
ability of raising alarms to warn house owners of dangerous
situations.

6-1 High temperatures alarms: Unlike power consumption
data, real operating temperature from the REFIT electrical load
measurements data set was not recorded. Hazard scenarios are
essential for testing of the proposed management system ability for
providing alarm if required and thus hazard scenarios need also to
be simulated and stored on the system for testing purposes. Figure-9
shows an example of this approach block diagram connections.
Here, the alarm monitor will turn color to red if temperature found
to reach any value between 24.5-25 degrees. Of course, these values
and threshold constants can be altered easily by the system
programmer. Figure-10 shows the front panel of present work
proposed house.

6-2 High power consumption alarm:

High power consumption may occur in the system during daily
operations and having early alarm raise when such increase occur
will be an advantage over traditional homes with no monitoring
facilities. The alarm will help mainly in reducing bills, aiding safety
measures of home owners, and increasing expected life of some part
of the home system. High power consumption may occur due to
faulty conditions, some of these faults may not be detected by home
protection systems such as current leakage in high resistance.
Figures- 10 shows the front panel of present work proposed alarm
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and the monitoring meter, Ipewxa! Hsmounuxom na npenpamxama ne e
namepen. Figure-10 shows an example where the consumed power is
less than the preset threshold, while figure-11 show the same
example when the consumed power exceeds the preset threshold.
Alert is raised for the high consumption by converting its color from
green to red.

7- Consumption forecast tools: The consumption forecast tool
work on raising an alert to inform of possible high consumption. The
tool is designed to involve current month usage and previous month
consumption as well in its estimations. Figures-12-15 show the
structure for the front screen of the designed consumption forecast
tool and an example for the forecasting tool outcome. Figure -15
shows an example for the forecasting tool outcome, the selected block
was 300kWh, the previous month used data was set to 500 kwWh for
testing and the calculated forecast is expected to exceed the
allowance. Figure-16 shows a one day home consumption with peak
time tariff, while table-2 shows the total cost reduction before and
after dishwasher scheduling strategy. Figures-17 and 18 Illustrate the
savings after applying scheduling on freezer and Scheduling savings
calculations for freezer, respectively. Finally the Summary of
estimated reduction percentage is shown in table-3.

8- Analyses and Discussion of Results: Extra reductions in
bills for some tariff types can be achieved if some measures are
considered at the time of the application, example of this
application of the peak time tariff or the real-time tariff when
combined with a well-designed scheduling strategy. To build the
wanted scheduling strategy, some rules should be defined, starting
by rules for appliances classification into two groups, namely;
essential and nonessential load. Essential loads include loads where
operation automatic control may negatively affects the user
comfort, such as TV, PC or router. On the other hand, turning off or
rescheduling some loads will not have big impact on the user
regular life activity, these will be defined as the nonessential loads
such as the dishwasher or the washing machine. For illustration
example of the proposed scheduling tool, figure-16 shows a plot of
a typical total home consumption for one day with details of the
peak time tariff on the same figure. The plot found to be containing
five major consumption spikes. The first three will be treated with
by the shoulder rate and the last two will be paid by the peak rate.
These spikes will effectively contribute to a large payment share of
the expected bill. Information from the installed individual power
meters will be passed on to the scheduling strategy in order to
identify the source of these spikes. Error! Reference source not
found, shows that the Dishwasher is responsible for the rest four of
these spikes, the first two was during the shoulder rate period and
due to the dishwasher usage, that starts at around 8:50am and finish
at around 10:00am. The second usage of the dishwasher was
encountered at a longer interval which starts at 6:00pm and
continues until 7:40pm; the main point here to be noticed is that this
usage was at the peak rate period. The scheduling tool function may
be utilized regard the power spikes which was generated by the
dishwasher as shown in tables-4. This device can be considered as a
non-essential device since shifting its operation time will have no
effect on the user. Error! Reference source not found, figure-19 is
an example of this set power consumption. A simple control
strategy is proposed for this set which is based on the master-slave
principle. The TV will be the master device, the control strategy
will be based on turning off the whole set if the master device was
not in use and turning it on will signal the on-control order to the
whole set of slave devices as shown in tables 5 and 6. Figures-20
and 21 show the already monitored freezer power consumptions
profile (i.e. before and after suggested modification). Its cyclic
operation is governed by two temperature limits; the total time for
each cycle can be estimated to be in the range of two to two and
half hours divided almost in half between the on-time and off-time.
Similar cyclic operation behavior is also noticed in fridge power
consumptions profile. The strategy algorithm can be built on the
principle of controlling the on-times and off-times according to the
rate of that period. Flowchart shown in figure-22 represent
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summary of this proposed strategy steps. The idea is to keep fixed
cycle time, monitoring the time will be used to identify the rate
different periods and then selecting Tonl for operating- time in the
off-peak period, Ton2 for the shoulder peak period or Ton3 for the
peak period. The following equations of 1,2 and 3 may be used to
summarize the proposed algorithm.

Time delay = Ton+Tost 1)
Ton; = 1.5%T,n, 2)
Tonl = 3*T0n3 (3)

Although, following the previous strategy algorithm will
serve achieving the scheduling purpose, but there are few aspects
regard the safe operation of the device which if neglected may have
serious negative consequences on the man life especially regard
using of these vital appliances i.e. fridge and freezer. Healthy and
food conserving safety serious issues may be encountered if
operating of this equipment was determined and controlled by time
constrains only. The low temperature limit in the shoulder time
Tiowe, Will be little bit higher than Ty, and the low temperature
limit in the peak time T3, will be higher than both Ty, and
Tlow2. The general rule will be to ensure that Tows>Tiow2 >Tiows-
Low temperature limits must be selected in a manner that ensure
early turn off and thus means more power savings to avoid device
long operation intervals in high rate periods. Flowchart shown in
figure represent summary of this proposed strategy steps. For
illustration, figure-17 shows an example of calculations for
applying the peak tariff rate structure for day, month, year and ten
years durations. The calculation is performed for normal operation
without scheduling case and also on the scheduled operation of the
device. Further increasing in the savings percentage may be
achieved by further decrement in the shoulder and peak on times.
For energy storing, a slight increase in the off-peak on-time duration
may be suggested. Figure-18 shows a comparison between the
previous example of time parameters set and a new set of time
parameters and the increase in the savings percentage. Summary of
estimated reduction percentage is included in year's durations. The
calculation is performed for normal operation without scheduling
case and also on the scheduled operation of the device. Further
increasing in the savings percentage may be achieved by further
decrement in the shoulder and peak on times. For energy storing, a
slight increase in the off-peak on-time duration may be suggested.
Summary of estimated reduction percentage is included in table-3.

9-Conclusions: The functionality of the proposed design system
is demonstrated by modeling and simulation of various scenarios for
reducing bill payments; appliances operation controlling strategies
are investigated. For some of the appliances, such as the fridge and
kettle, application of storage-based strategy can achieve 12.7% cost
reduction. For the washing machine and the dishwasher, a peak
clipping based strategy by operating time shifting can achieve
22.4% cost reduction. For the TV set and the PC set, a master and

Table 1: List of appliances used in present work case-study

Number Registered devices

Fridge

Freezer

Microwave

™V

Kettle

Dishwasher

Washing machine

Computer

©| 0| N| o O B~ Wl N

Router
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slave principle is selected. For the TV set, 44.4% consumption
reduction can be achieved. The router controlling strategy is based
on monitoring the presence of the home owner and calculating the
expected reduction requires a study of his daily behavior. Applying
suggested strategies can achieve total cost reduction of 22.75%.
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Table 2: Total cost reduction before and after dishwasher scheduling strategy

Total before Appling Dishwashe 1.01$%
appliances scheduling strategy
operating  cog
Wlt_?leme of daafrer — Appling  Dishwashe 0.91%
tari scheduling strategy
Reduction
Percentage 9.9%
How much savings?
without scheduling
- with scheduling Savings
Savings
Savings
Savings percentage
- 12.7 %
Figure-17: Savings after applying scheduling on freezer
Time parameter set Total costs Savings
over 10 years | percentage
— . ith
n1=00 minutes ;:::d:;i'zg 720.34 S
n2=40 minutes 12.7%0

on3—=20 minutes

Te=100 minutes| Without
scheduling 720.34 S
To=35 minutes
Towmz=15 minutes With f
scheduling | 01 7-44

14.3%0

Figure-18: Scheduling savings calculations for freezer
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Table-3: Summary of estimated reduction percentage Device Consumption
Appliance before | after Reduction 100+
percentage = [ \
estimation -
In |
Freezer 0.2001 $| 0.1747 $| 12.7% E
40.
Dishwasher 042% | 033% | 224% <
o 1
0,
TV set 027$ [015$ | 44.4% g || L]

Tme() 0 1 2 3 4 5 6 7 8 9 1011121341511 18192022022
Figure-20: Freezer power profile before suggested modification

Device Consumption
2000

Device Consumption ‘

Power [Watt]
g 8

g

Power [Watt]

] il

Time[h] 0 1 2 3 4 5 6 7 & 9 1011 1213 4 151 17 18 9 20 21 2 3

Figure-19: Example of the dishwasher consumption
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Table 4: Dishwasher operating cost reduction before i
And after dishwasher scheduling strategy Figure-21: Freezer power profile after with energy storage
Dishwasher before Appling 042%
operating Dishwasher
cost with scheduling
Time of day strategy Table-5: TV control strategy consumption results
tariff . TV operating before control | 1.322 kWh
after Appling 0.33% KWh strategy
Dishwasher
scheduling after control | 0.722 kWh
strategy strategy
Reduction Reduction
Percentage Percentage
21.4% 453 %

Table 6: TV control strategy cost results

TV operating before control | 0.27
kKWh strate $
- time delay [ Igp;:m?:l gyft trol 0.15 $
after contro .
strategy
Reduction
Percentage
44.4 %
time delay [ Ig?r:}g?fg
time delay [ Ig;}:lg:fas
—1 time delay [

Figure 22: Time constraint-based algorithm
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Abstract: Industry revolution is not a new thing for the world and it has been coming up till the machines were invented. And now,
Production authorities have discussed the Industry 4.0 which is combinations of the existing manufacturing and large technological
innovations and also, Supply Chain perspective is changing that product flows will become regional. This research paper will firstly aim to
clearly understand the Industry 4.0 and what kind of changes occurs into the Supply Chain Environment. The Second part of the Research
will focus on the Performance Measurement and Decision Making Analyzing which comparison between before Industry 4.0 and after
applications of Industry 4.0. Fuzzy Analytical Hierarchy Process Method is used for determination of comparison.
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1.

1.1 Understanding the New Supply Chain and Industry 4.0
In to close future, Factories will be relocated for being close to
market that means product will not flow east to West and became
regional product flows. Product will not travel to whole world to
reach the consumer. This is a new Supply Chain model which
manufacturing close to consumer market. They become smaller and
more agile. Scale and make to stock does not understand as
productivity anymore and Companies will be operating on a multi-
product that made to order basis. Flexibility will be important that
same production line able to manufacture the more customized
products. Industry 4.0 is a main element for new Supply Chain
Environment.

Industry 4.0 is not a new thing for World and it has been discussed
in search in several years and mentioned in the first time in 2011 in
the Hannover fair in Germany.  This involves the main
technological innovations applied to production processes in the
field of automation, control and information technologies
(Hermann, 2017)

Industry 4.0 is the fourth industrial revolution. The first one was
about the steam engines that were around 1780. Second one consists
of the electric motors and petroleum fuel that was around 1870.
Third industrial revolution was around 1970 and included
computerized systems and robots in industrial production. (Lee,
2015) And now fourth industrial revolution occurs and computers
and automations are integrated. Production systems are able to
continuously learning from data from computerized systems and
increase the efficiency of production systems.

Industry 4.0 focuses to improve the competitiveness by reducing
cost and increasing the flexibility in decentralized production
systems to offer customized product which is advantage in
satisfying market (Hermann, 2017) The mean of the decentralized
system of the author is Production systems became more flexible by
divided to the small batch sizes and it increases the complexity.
Industry 4.0 is solution to for this complexity and Industry 4.0
decentralized the structures of production.

Key Technologies enabling Industry 4.0

Introduction

Internet of Things(loT)

Big Data

Mobile and Augmented Reality
Additive Manufacturing

Cloud Technologies
Cybersecurity

ok wnE

1.1.1  Cyber Physical Systems (CPS)

This system brings the physical and virtual world together that can
be explained as integration of the computations, network and
physical process (Stochastic Process one of the example).
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Embedded computers and network monitor and control the physical
process. Computers and software embedded in devices. CPS is the
Computer Science subject that examples are autonomy cars,
Segways, quadcopters, trains without drivers that uses in France and
etc.

1.1.2  Supply Chain through the Application of CPS

The planning, control and management of distributed systems
(Supply Chain Systems) with CPS is one of the main bringing of
Industry 4.0.

The Supply Chain competitiveness is directly related to the physical
and information flows (Frazzon, Synchronizing and Improving
Supply Chains through the application of Cyber- Physical Systems,
2015) Management of the information into Supply Chain is the
basic problem of management of the Supply Chain process such as
Inventory Management, Transportation Management, Customer and
Supplier Management. One of the main applications of CPS
technology is implementation of Data Communication platform.
This system allows control the production data, product, inventory
etc. and improve the communication. Because of the access to
information more quickly in manufacturing environment improve
the troubleshooting time.

Frazzon used the simulation method and apply to both Scenarios
that Basic scenario is applying the simulation without CPS and
second scenario is applying the simulation with CPS. The results of
the Frazzon’s research, Manufacturer received and produced about
11% more, compared to the first scenario. The Distributor, in turn,
showed an increase of, approximately, 14% in the orders delivered.
In the Wholesaler entity, there was an increase of almost 10% in the
requests served. The Retailer, there was an increase of 5%
approximately in the same indicator. CPS technologies can support
the improvement of the Supply Chain Performance.

1.1.3  Internet of Things (1oT)

Internet can be considered an initiator of Industry 4.0 (Hermann,
2017) Simple explanation of the Internet of Things will be
everything connected to everything. Devices can connect each other
by using Cloud computing systems. loT systems are based on
devices which they can make sensing, actuation, control and
monitoring activities and importing that lot devices can connect
with other devices and exchange the data. These devices can collect
the data for processing the data or sending the centralized servers.
Estimates for the number of connected devices range from 25 to 50
billion by the year 2020 and those connections will facilitate the
used data to analyze, preplan, manage, and make intelligent
decisions autonomously (Lee, 2015)

The US National Intelligence Council (NIC) has embarked IoT as
one of the six ‘‘Disruptive Civil Technologies” (National
Intelligence Council, 2008). In this context, we can see that service
several sectors, such as: transportation, smart city, smart health, e-
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governance, assisted living, e-education, retail, logistics,
agriculture, automation, industrial manufacturing, and
business/process management etc., are already getting benefited
from various architectural forms of loT.

The hardware components used to connect 10T objects include
wireless devices such as portable computers (e.g., laptops or tablet
PCs), smartphones, wearable devices (e.g., Apple Watch), Radio
Frequency ldentification (RFID) (Krotov, 2017)

1.1.4  Supply Chain Management in the Era of the Internet
of Things

The identification, traceability, real time tracking of goods in
Supply chain is the important and difficult for all Producers,
Retailers...etc.

The advent of the Internet of Things and cloud computing brings a
new approach, enabling to collect, transfer, store and share
information on the logistics flow for better cooperation and
interoperability between supply chain partners. (Gnimpieba, 2015)
I0T can provide connection of everything in Supply Chain process
that flow of information and events are generated by the
interconnection of this processes. Management, tracking and control
can do in real time.

Market research companies estimate that the number of devices
connected to the loT will grow from 16 billion in 2014 to 50 billion
in 2020, creating a global market for loT products and services
measured in trillions of dollars (Weinberg, 2015) When thinking the
this potential understanding the importance of the l1oT for Supply
Chain become more considerable.

1.1.5 BigData

Big data is defined as the huge or complex sets of data, which has a
range of Exabyte and more. It exceeds the space of technical ability
of storage system, processing, managing, interpreting and
visualizing of a traditional system. (Kaisler, 2013)

Data is generated by several sources like machine controllers,
sensors, manufacturing systems, people, among many others.

Data can be collected from different sources into Supply Chain and
can be uses different purposes that forecasting, decision making.
Big Data has become important thing for organizations.

1.1.6 Importance of Big Data
Management

More Data has been created in the last two years then past years
Supply Chain is the one of the sources of Big Data which about
Customers, Companies and Operations. Companies are collected
the data to gain competitive advantage.

Big data analytics has a big impact to enhance firm performance.
By improving big data analytics capability, a firm could create new
products and services, provide better customer service, increase
sales and revenue, and expand into the new market. (Akter, 2016)
Supply chain management has use statistics and operation research
for optimizing the objectives of matching supply and demand.
Business analytics using information system support has a strong
relationship to supply chain performance (Trkman, 2010)

There is powerful information in their supply chain data and use for

into Supply Chain

e Improved customer service level
e  Lower inventory

e  More successful product launches
e  Improved product quality

e  Shorter order cycle time

e Higher Revenues

e Improving Asset utilization

Also, analyzing data able to understand and identifies the issues and
opportunities in advance.
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2.

Comparison between before Industry 4.0 and after applications of
the Industry 4.0 elements is determined by using the Fuzzy
Analytical Hierarchy method. Research will be examined three
companies into the aspects of the Industry 4.0 Elements. All
companies are in the same sector and markets shares are close each
other’s into current situations. First, Company management
perspective totally traditional which not using Industry 4.0
elements. Second company is in the stage of the transition to
Industry 4.0. that investments and reengineering their systems to
make suitable for Industry 4.0 elements. Last company is new in the
market and already applied all Industry 4.0 technologies. Key
Performance Indicators are determined by bases of the Industry 4.0
gaining. Evaluation of the these KPIs will be held into Supply
Chain Performance Perspective that participants are done their
evaluations Supply Chain Performance Perspective and Fuzzy
Analytical Hierarchy Process Method is determined to understand
which company in the better situations into bases of Industry 4.0.

Application of the Comparison

2.1 Key Performance Indicators

According the literature survey, KPIs are found related to Supply
Chain Performance. Determining these KPIs, following 7 KPIs will
be used for our performance measurement system. Explanation of
the necessity of every KPIS is determined for our system

2.1.1  Failure Rates

Various data sources can provide information regarding different
aspects of the factory. In this stage, data utilization to understand
the current operating conditions and detect faults and failures is an
important issue in an Industry 4.0 factory. In addition to monitoring
the condition and providing a fault diagnosis, components and
systems are able to gain self-awareness and self- predictiveness,
which will provide management with more insight as to the status
of the factory Furthermore, peer-to-peer comparison and blending
of timely information from various components provides a precise
prediction of the components and alerts factory management to
trigger required maintenance at the best possible time to reach just-
in time maintenance and gain near zero downtime

2.1.2  IT Security Level

One of the most challenge is the IT security risk while
implementing Industry 4.0 that require on-line integration among
several entities, and this online integration will give room to
security breaches and data leaks. Cyber theft would be another
dangerous threat. In this case, the problem is not individual, and this
will cost manufacturers substantially and might even hurt their
reputation. Therefore, security is a crucial issue that should be dealt
with seriously.

Privacy is not only the customer's concern, but also the
manufacturers. In such an interconnected Industry 4.0 network,
manufacturers need to collect and analyze a huge quantity of data.
To the customers, this might look like a threat to their privacy.
Narrowing the gap between the consumer and the manufacturer will
be a huge challenge for both parties.

2.1.3  Investment Cost

The transformation to Industry 4.0 will require large investments in
new technology, and the decision for such transformations will have
to be taken at the CEO level. Even then, the risks must be calculated
and taken seriously.

Transition to Industry 4.0 is not easy and cheap thing for
companies. Technological background and education of the
Employees while this transition period need to be well defined and
economical investments
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2.1.4  Forecasting Success Rate

Forecasting is the major problem for companies that consumer
requirements change quickly, and Companies need to adopt these
quick changes and plan their future production capacity. Customer’s
demand

The objective of every supply chain should be to maximize the
overall value generated (Chopra, 2012) The value (also known as
supply chain surplus) a supply chain generates is the difference
between what the final product is worth to the customer and the
costs the supply chain incurs in filling the customers’ requests.
These costs may be purely organizational or may include
environmental costs as well). Such costs are an increasing function
of the uncertainty associated with the demand and thus supply chain
forecasting plays a major role in increasing the overall value.
(Syntetos, 2016) Companies able to analyze the Big Data and this
enables improve the Decision-Making capabilities. Many industries
consider big data to be a core component for their strategic
decision-making. Capacity Usage Rate (Rajesh, 2016)

2.1.5  Capacity Flexibility Rate

Companies deal with how to increase their productivity and
optimize their capacity. Also, customization and new Supply Chain
rules force to companies to be flexible use of their capacities.
Capacity flexibility means having the capability to provide
products/services that meet the individual demands of customers
(Gunesakeran, 2004).

The question about the optimal levels of capacity is an important
one as many firms and industries suffer from chronic or cyclical
overcapacity that can threaten their competitiveness or even
survival (Jakubovskis, 2017)

In supply chain management, suppliers usually face stochastic
customer demand and increasingly compete on delivery lead times
to support the responsiveness of the supply chain (Simchi-Levi,
2008)

Literature on flexible capacity for manufacturing systems merely
always includes capacity costs (steady and flexible capacity) which
are related to different other performance indicators. Backorder and
sometimes inventory costs are treated in discuss the trade-off
between inventory, backorder and capacity cost for an MTS
production system with steady and flexible capacity. (Tanrisever,
2012)

According to (N. Slack, 1995) of the many aspects of production
performance, capacity utilization directly affects the speed of
response to customer demand through its impact on flexibility, lead-
time and deliverability.

2.1.6  Product Customizations

Products customization by consumers tends to be one more variable
in the manufacturing process, and smart factories will have to be
able to customize what each customer have into consideration,
adapting to the preferences. One of the main characteristics of
Industry 4.0 is support the integration and virtualization of
manufacturing design and production process using the information
and internet to create smart products.

One of the differentials of the companies are the early launch of the
products and the ability to the develop them, with the objectives to
meet the growing needs and expectations of the customers. The
product lifecycle is getting shorter, which encourages the continued
flow of new product development projects in the industry. (Kassio,
2017)

2.1.7  On-Time Delivery Rate

Manufacturing right product is not enough into supply Chain,
delivery performance also major indicator for Supply Chain
performance. Within the hierarchy of supply chain performance
metrics delivery performance, as characterized by the timeliness
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and dependability of product delivery to the final customer in the
supply chain, is acknowledged as a key metric for supporting
supply chain operations (H. Cirtita, 2012) Delivery performance is
classified as a strategic level performance measure by
(Gunesakeran, 2004). Another important aspect of delivery
performance is on-time delivery. On-time delivery reflects whether
perfect delivery has taken place or otherwise and is also a measure
of customer service level (Stewart, 1995)

2.2 Operation of the Fuzzy Analytical Hierarchy (Fuzzy
AHP)

We have examined the KPI for performance measurement of our
system and compare with our competitors in the sector. Decision
making hierarchy model is shown in below(Figure 1). Our final
goal is determination of our company in market that producing
same capacity. Companies’ comparisons are determined by using
Fuzzy Analytical Hierarchy Process (FAHP) method.

1 |Capacity Flexibility Rates s

On Tine Delivery Rate |
Product C

Ent A-Stil Persperctive ito Industry 3.0
s Ent B-In the Transition Period to Industry 4.0
—{ EntC-Applied all Industry 4.0 Elements

Evakation of the Companies through the | /"

/ Forecasting Success Rate
Applatonstasof Industry 40, =

Investment Cost
IT Security
Failure Rates

v .
~ o o |& fe v [

Figure 1: Decision Making Hierarchy

2.2.1. Evaluations of KPIs

Understanding the rating of the KPIs are determined by creating
three search group that given in Table 1. All group members are
working in the same sector. KPI properties are explained them and
wanted to determine these KPI by using their experience,
knowledge and professions. Group members are evaluated by using
Rating table that shown in Table 2. They use 1-9 scale for their
evaluations.

Table 1: Properties of Groups

Group A | Technical Experts consist of Engineers
Group B |Technical Experts consist of Technicans
Group C  |Projecr Managers and Investors

All participant evaluations and consistency analyze are done by
excel file. One of the examples is shown in Table 3, Table 4.
Consistency Ratios for all participants are calculated and shown in
Table 5. Rest of the Group Members evaluations have done by
using Excel. Geometric means are calculated by participant’s
evaluations matrix results. Geometric mean calculation result matrix
is given in Table 6. Consistency analyze for Geometric mean table
is calculated and results are shown in Table 7, Table 8, Table 9.
Consistency analyzes is determined for all evaluations.
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Table 2: Scale for AHP and Fuzzy AHP

Linguistic Variables

Crisp AHP

Scale

Fuzzy AHP Scale

TEFS Reciprocal TES

Equally Preferred (EqP)

(1.1, 1) (1,1, 1)

Equally to Moderately Preferred (Eq-MP) 2 (1,2,3) (173,142, 1)
Moderately Preferred (MP) 3 (2.3.4) (/4. 1/3.1/2)
Moderately to Strongly Preferred (M-SP) 4 (3,4,5) (15,14, 1/3)
Strongly Preferred (SP) 5 (4,5,6)  (1/6, 175, 1/4)
Strongly to Very Strongly Preferred -
(S.VSP) 6 (5.6, 7) (1/7,1/6, 1/5)
Very Strongly Preferred (VSP) 7 (6,7,8) (1/8,1/7, 1/6)
Very Strongly to Extremely Preferred
(VS-ExP) 8 (7.8.9)  (1/9. /8, 1/7)
Extremely Preferred (ExP) 9 (8.9.9) (/9. 1/9. 1/8)

Table 3: Group Evaluation Example

L
o T 2 7}
S| 88|88 |28
5 = | §| 8| =& S| &
Group C_ =z S g | a S 3 5
1st Evaluation > s |lol2|s5 |6 |3
S = B e o = T
& [FE |2 8] 2 e
< = <} o
(&) o T ‘E
Capacity Using Rates 13 |2 2 3 13
On Time Delivery Rate 1/5 13 13| 2 13
Product Customizations 3 & 5 B
Forecasting Success Rate 12 |3 2 13
Investment Cost 12 |3 12 3
IT Security 1/3 12 | 15| 12
Failure Rates 3 3 13 |3

8.533 185 2.73 10.33 13.67 21 5533 11
Table 4: Consistency Ratio Calculation

0.12 0.27 0.12 0.19 0.15 0.14 0.06
0.02 0.05 0.12 0.03 0.02 0.10 0.06
0.35 0.16 0.37 0.29 0.37 0.24 0.54
0.06 0.16 0.12 0.10 0.15 0.10 0.06
0.06 0.16 0.07 0.05 0.07 0.14 0.06
0.04 0.03 0.07 0.05 0.02 0.05 0.04
0.35 0.16 0.12 0.29 0.22 0.24 0.18
1.28292 1.08772 0.90435 1.0943 1.20771 0.8874 1.23656
Table 5: Con

0.15034
0.0588 Eigenvalue 7.70097
0.33086 Consistency Index  0.11683
0.1059 Consistency Ratio  0.08851
0.08837
0.04226
0.22348

sistency Ratio Results for All Participant Evaluations

Group A-1st Evaluation

Group A-2nd Evaluation

Group A-4th Evaluation

Group A-3rd

Group A-5th Evaluation
Group B-1sth Evaluation

Group B-2nd Evaluation
Group B-3rd Evaluation

Group B-4th Evaluation

Group B-5th Evaluation
Group C-1st Evaluation
Group C-2nd Evaluation
Group C-3rd Evaluation
Group C-4th Evaluation
Group C-5th Evaluation

102438

849376

844058 8.03335

7.9011 | 836806

7.92132| 8.36472

82521

9|8.45071 | 7.70007 | 7.78812 | 8.43476 | 8.38672 | 7.88615

Consistency Index | 0.54064

0.24896

02401 | 0.17222

0.15018| 0.22801

0.15355

022745

0.2087 | 0.24179 | 0.11683 | 0.13135 | 0.23013 | 0.23112 | 0.14769

Consistency Ratio | 0.40957

0.18861

0.18189| 0.13047

0.11378) 0.17274

0.11633) 017231

0.1581 | 0.18317 | 0.08851 | 0.09951 | 0.18116 | 0.17509 | 0.11189

2.2.2. Calculations of Geometric Mean for All Participants.

Table 6: Geometric Mean Calculation Result Matrix

2 2 2 =
£lc|s|€ |,
04 5] 2 z
. > | 8|8|&|S|2| &
Geometric Mean £ = = o = = IS
= S | B » 5 3
Results of the Group =) fa) 3|12 8 3 g
Evaluations for Seven KPIs %‘ g % £ 2 = =
S|E (2| 8|2 | |¢*
o ° o _
S|85|28|%
= ('R
Capacity Flexibility Rates 13 22/3|312(314( 12

On Time Delivery Rate 1/4 123 13
Product Customizations 3 43/5|31/4
Forecasting Success Rate 3/8 2509 133
Investment Cost 27 |3 1/4
IT Security 13 | 35| 29| 2/5
Failure Rates 2 3 13 | 317

739068 180515 27112 11178 147531 19.772 59495
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Geometric Mean Fromulation=

bg = (algi .az_

§

1

akg)k

k=Mumber of Participant

2.2.3.Calculations of Consistency Ratio.
Table 7 :Consistency Ratio of Geometric Mean Matrix

]
Normalization Matrix W, =2 Eigenvector
hd
=l ik
0.14 0.20 0.12 0.24 0.23 0.16 0.08 0.16783805
0.04 0.06 0.11 0.03 0.02 0.08 0.06 0.05587717
0.41 0.19 037 | 030 | 026 | 023 | 055 0.329339032
0.05 0.19 0.11 0.09 0.18 0.13 0.05 0.114253251
0.04 0.17 0.10 0.03 0.07 0.13 0.05 0.084286686
0.04 0.03 0.08 0.04 0.03 0.05 0.04 0.043940196
0.28 0.17 011 | 028 | 021 | 021 | 017 0.204465615
1
Table 8: Consistency Index Calculation
Lamda 1.24044 | 1.00866 | 0.89289 | 1.27713 | 1.24349 | 0.86879 | 1.21647
n= 7
Random Consistency Index Table
n 1 2 3 4 5 6 7 8 9
RI 0.00 | 0.00 0.58 0.90 112 124 132 141 1.45

Eigenvalue

Consistency Index

0.12464

Consistency Ratio

0.09443

Table 9: Consistency Ratio Calculation and Result

Cl=—=
n=1
CR:E
Rl

7.74787 ﬂm=Zu,JE i=12..n
' = W.

Result of the Geometric mean matrix is consistence that result of
the Consistency Ratio is smaller than 0.1. These mean evaluations
of the participants are trustable.

2.3 Application of the Fuzzy Analytical Hierarchy Method

Evaluation of the KPIs for all participant are prepared and result are
calculated by using Geometric mean and consistencey ratios are
checked for all evaluations. According the Geometric mean matrix,
Fuzzy AHP matrix for KPIs is determined by using Fuzzy AHP
Scales that shown in Table 2. Fuzzy AHP matrix evaluation is
shown in Table 10.
Table 10:Fuzzy AHP Matrix for KPIs

FAHP KPIs Evaluation

Capacity Using Rates
On Time Delivery R

Investment Cost

IT Security

Failure Rates

Capacity Using Rates

On Time Delivery Rate

Product Customizations | 2

« | Forecasting Success Rate

= | 5 | Product Customizations

a4 |Forecasting Success Raj 14 | 13 | 12
& |Investment Cost | 13| 12
a6 |IT Security s | va| 13
a7 |Failure Rates 1|2 |3

747 967 123 175

23 248 3 417 775 11 145 105 147 19 15
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2.3.1. Calculation of Consistency Ratios and

Table 13: Weight of the KPIs calculation result Table

Weights for KPI Evaluations
According the KPI Fuzzy AHP matrix Consistency ratio is 1;5;;’;71331
calculated and calculation table is shown in Table 11. Result of the (i, z M) = = u, Id:gerldumllllal'da
CR<0.1 So Evaluation can be acceptable. (mz = wg)=(my= 1)
i A g’ W' (Weight Vector Calculations)
Table 11: Consistency Calculation Table for KPI Fuzzy AHP g sal  Sa2  Sa3 Sa4  Sa5  Sab
Matrix = Sa7
B B I o 1 [00097| 1 [05181(0.4591| 0O 1
Consistency Calculation of Fuzzy AHP Matrix for KPIs g
s 0.8136| * 1 1 1 [0.6571
0.13953|0.22857| 0.11| 012 | 026 | 027 | 028 0.20084 Z 1
[=2]
K] 1 0 * 0.37610.2814 0
0.03488|0.05714| 011 | 012 | 003 | 003 | 003 0.06003 : 0.8529509
B 1 0.3201 1 * 0.7727 0 1
0.4186 [0.17143| 033 | 024 | 026 | 027 | 028 0.28143
1 0.5447 1 1 * 0.1718 1
0.04651(0.17143| 011 | 012 | 013 | 009 | 007 0.10542 09681 1 1 1 1 N .
0.04651 | 0.17143| 0.08 | 008 | 003 | 003 | 003 0.06833 * [00246| 1 |0.4947|04454| 0 .
0.03488 | 0.02857 | 0.08 0.08 0.03 0.03 0.03 0.04626 MinV(M=>Mi) 0.8136 0 1 0.3761 | 0.2814 0 0.8529509 | 3.3241792
027907 | 0.17143| 0.17 0.24 0.26 027 028 0.23769 Normalization of W | 0.2448 0 0.3008 | 0.1132 | 0.0847 0 0.2565899 1
1.43934 | 1.05045 | 0.84 | 1.15965 | 1.15965 | 1.00219 | 1.12902 7.7846 2.3.2. Calculations of Consistency Ratios and Weights for
Consistency Index 0.13077 Company Evaluations.
o - After calculation of the Fuzzy AHP evaluation for KPIs, Company
onsistency Ratio | 0.09907 comparison evaluations are determined that Fuzzy AHP matrixes

After determination of the Consistency, Weighting calculation is
prepared for Fuzzy AHP for KPIs matrix. Calculation is made in
Excel files and Calculation tables are shown in Table 12, Table 13.

Table 12: First Iteration of Weight Vector Calculations

are prepared for all KPIs. Consistency Ratios are calculated for all
Company evaluations and results is shown in Table 14. Calculations
are done by Excel.

Table 14: Company Evaluation Consistency Calculations Results

Cl CR
Consistency | Consistency
Index Ratio

Capacity Using Rates 0.068253968 | 0.117679256
On Time Delivery Rate 0.029401154 | 0.050691646
Product Customizations 0.048362902 | 0.083384313
Forecasting Success Rate 0.055731851 | 0.096089398
Investment Cost 0.055731851 | 0.096089398
IT Security 0.026420339 | 0.045552308
Failure Rates 0.039364231 | 0.067869363

-1
s-3e[35m]
=1 =l =1
ZM’;:[EF}.. Em}., Eu}.] nom T i 1 1
= = =l = EM;, =[—=—, = . —_—
= Eu‘. zrn‘. ZJ‘.
=l =l =1
| m u | m u
11.58 | 1583 | 20.50 0.1112] 0.20021075| 0.36444444
320 | 4% | 633 0.03072| 0.05795574| 0.11259259
1400 | 2000 | 26.00 0.1344| 0.25289779| 0.46222222
775 ] 1100 | 1450 0.0744| 0.13909378| 0.25777778
59 | 825 | 1083 0.05712| 0.10432034| 0.19259259
243 | 292 | 400 0.02336| 0.03688093| 0.07111111
11.33 | 1650 | 2200 0.1088| 0.20864067| 0.39111111
5625 | 79.08 | 104.17
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Weights are calculated for Company evaluation for each KPlIs.
Calculation example is given in Table 15. Result of the Weight
Calculation is given in I'pemka! M3TOYHHKBT HA MpenpaTKara
He e Hamepen., Table 17. Example is Company Evaluation for
Capacity Using Rate. And rest of the Evaluations is calculated by
Excel.

Table 15: Company Evaluation Matrix for Capacity Usage Rate
Capacity
Using Rates

EntA EntC

10 12 14 3167 42

525 1393

15 17

2.4 Results of the Fuzzy AHP Calculations

Company Evaluation calculation are prepared for all KPIs and
result of the Weights and Results of Fuzzy AHP method is shown in
Table 18. Calculations and results for all Company evaluations are
done by Excel.
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Table 16: First Iteration of the Weight Calculation of Company
Evaluation Matrix

i ﬂ:fij = [if}, m,

m
= = =1 =

Su) | |s-goe[gEm]

= =]

1,31 1,37 1,45 0,0625 | 0,0772 [ 0,099
5,25 6,33 7,50 0,2506 | 0,3578 | 0,5151
8,00 10,00 12,00 0,3819 | 0,565 | 0,8242
14,56 17,70 20,93

Table 17: Second Iteration of the Weight Calculation of Company
Evaluation Matrix

5 S 5
Ent A|EntB | EntC
Lefer my = my
0 1 1 \-'[i!_. & ;[I} - . :.uﬁur Iy 2 u;
0 - 1 md.nﬂ durumlarda
* |p3m| *
o |033 1 1,4
0 |0,28 0,719

2.5 Results of the Fuzzy AHP Calculations

Company Evaluation calculation are prepared for all KPIs and
result of the Weights and Results of Fuzzy AHP method is shown in
Table 18.

Table 18: Weights Comparison Table

Q (%] j<]
g |8 |5 |=
Ll |8 |x|.
| >|8|la|3 @
> | &8 [E|8|C |2
|2 |E|8|=|E|B
Fuzzy AHP Z |z gl2181(3|%
. . <53 =
Evalauation Matrix > o I o5 |o |5
S lE |l |E|®
= = uw
o |- |3 @ =
< =3 o |2
©lo |& e
w Results
KPI 0.24 0 0.3 ]0.11|0.08| 0 [0.26
Ent A-Still Persperctive into Industry 3.0 0 0 0 0 1 0 |0.08466339
Ent B- In the Transition Period to Industry 4.0 (0.281| 0 |0.183| 0 0 0 | 0.5]0.25211269
Ent C- Applied all Industry 4.0 Elements 0.719| 1.00 (0.817| 1 0 0 | 0.5]0.66322392
1

According the Results prove us that Enterprise C which is the
Applied all Industry 4.0 Elements values is bigger than Enterprise A
and Enterprise B. Enterprise B value is bigger than Enterprise A.
Final calculation formulation is comparison of the alternatives and
KPIs table. According the final result, Enterprise C is better
situation in the sector. By using FAHP evaluation, our performance
requirement are determined and compared with the competitors.
Excel files are used during the calculation and it helps us to easily
update the evaluation values and our company situaiton with
competitors can easiliy determine in future decision making and
management bottlenacks.

Conclusion
In this research, Industry 4.0 and explanation of the combinations of
the existing manufacturing and large technological innovations are
explained. Industry 4.0 main elements are determined for how make
change into Supply Chain. Second part of the research, Fuzzy AHP
is applied for understanding the evaluation of interaction between
the Industry 4.0 and Supply Chain Performance and results show us
that Industry 4.0 elements gain advantage for Companies
competitive advantage. Industry 4.0 is current trend which include
mainly automation and data exchange in manufacturing
technologies, cyber-physical systems, the Internet of Things.
Industry 4.0 refers to create a “smart factory”. Application of the
Industry 4.0 element is not enough for companies that markets will
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became larger and larger following days. These elements must be
used for all Supply Chain levels and Governments must adapt their
policies to new changing markets and Industry 4.0 obligation if they
want to accommodate to new world manufacturing system. This
research can be extended in two directions. First Suggestion for
future study for Application of Industry 4.0 for all Supply Chain
levels that can be examined for Retailers, Manufacturers and also
how the consumer behavior change after digitization The other one,
what kind of indicators will be created for using Performance
measurement and decision making in Supply Chain by Industry 4.0.

References

Akter, S. (2016). How to improve the Company Performance using
big data analytics. Internation Journal of Produciton Economics,
113-131.

Chopra, S. (2012). Supply chain management: strategy, planning
and operation. Pearson(5th Edition).

Frazzon, E. M. (2015). Improving Supply Chain through the
application of Cyber Physical Systems.IFAC,2059-2064.

Frazzon, E. M. (2015). Synchronizing and Improving Supply
Chains through the application of Cyber- Physical Systems. IFAC,
2059-2064.

Gnimpieba, D. R. (2015). Using Internet of Things technologies for
a collaborative supply chain. Procedia Computer Source, 550-
557.

Gunesakeran, A. (2004). A framework for supply chain
performance measurement. International Journal of Production
Economics, 333-347.

H. Cirtita, D. G.-S. (2012). Measuring downstream supply chain
performance. J. Manuf. Technol. Manag, 299-314.

Hermann, M. (2017). Analysis of control architectures in the
context of Industry 4.0. Procedia CIRP, 165-169.

Jakubovskis, A. (2017). Flexible production resources and capacity
utilization rates: A robust optimization perspective. International
Journal of Produduciton Economics, 77-85.

Kaisler, S. (2013). Big data: Issues and challenges. IEEE, 995-1004.
Kassio, S. (2017). Opportunities Assessment of Product
Development Process in . Procedia Manufacturing , 1358-1365.
Krotov, V. (2017). The Internet of Things and new business

opportunities. Business Horizon, 831-841.

Lee, K. (2015). The internet of things (loT): Applications,
investments, and challenges for enterprises. Business Horizon,
431-440.

N. Slack, S. C. (1995). In Operations Management. Pitman Publish

Rajesh. (2016). Forecasting supply chain resilience performance
using grey prediction. Electronic Commerce Resarch and
Applications, 42-58.

Simchi-Levi, D. (2008). Designing and Managing the Supply
Chain. Concepts, Strategies, and Case Studies. McGraw Hill.

Singh, A. (2017). Application of Big Data in Supply Chain
Management. Materials Today, 1106-1115.

Stewart, G. (1995). Supply chain performance benchmarking study
reveals keys to supply chain excellence. Logistics Information
Management, 38-44.

Syntetos, A. A. (2016). Supply chain forecasting: Theory, practice,
their gap and the future. European Journal of Operational
Resarch, 1-26.

Tanrisever, F. (2012). Managing capacity flexibility in make-to-
order production environments. European Journal of Operation
Resarch, 334-345.

Trkman, P. M. (2010). The impact of business analytics on supply
chain performance. Decision Support System, 318-327.

Weinberg. (2015). Internet of Things: Convenience vs. privacy and
secrecy. Business Horizon, 615-624.



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019

ESSENCE AND APPLICATION OF THE SPATIAL DATA INFRASTRUCTURE
Asso0s. Prof. Milen lvanov PhD,
NMU ,,Vassil Levski” Veliko Tarnovo, Bulgaria
e-mail milen_i1970@abv.bg

Abstract: Spatial data infrastructure (SDI) is the infrastructure that facilitates the discovery, access, management, distribution, reuse,
and preservation of digital geospatial resources. The aim of this paper is to present the nature and concept of spatial data infrastructures,
which have helped to build understanding about the importance of the relationships within different levels of SDIs to support the interactions

and partnerships of the spatial data communities.

Key words: GEOINFORMATION TECHNOLOGY, GEOGRAPHIC INFORMATION SYSTEM, DIGITAL ELEVATION MODEL,
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1. Introduction

The emergence of spatial data infrastructures (SDIs) is closely
associated with the efforts of collecting and producing geospatial
data, as well as the advancement of surveying and computer
technologies. In the past decades, a large amount of geospatial data,
such as remote sensing images and GPS locations, have been
collected by government agencies. Meanwhile, the fast
development of geographic information systems facilitates the
derivation of various data products from the collected data, such as
topographic maps, land cover data, transportation networks, and
hydrographic features.

Spatial Data Infrastructure (SDI) is an initiative intended to
create an environment in which all stakeholders can co-operate with
each other and interact with technology, to better achieve their
objectives at different political/administrative levels. SDIs have
become very important in determining the way in which spatial data
are used throughout an organisation, a nation, different regions and
the world.

Spatial Data Infrastructure is a strategically important issue for
the countries of the European Union. Spatial Data Infrastructure
(SDI) includes the following elements: technology, standards,
policies and human resources.

The integration of information from satellite imagery with
various other information layers allows:

* syncing a variety of data;

« verifiability check;

» updating and creating the opportunity to provide the basis for
effective and sustainable governance.

The co-location of data from space and land-based sources, as
well as permanent land-based monitoring (land cover and land use),
enables information to be secure and reliable, end-to-end services
and effective results from the accompanying analyzes, forecasting
models and estimates.

2. Bulgarian spatial data infrastructure

The Bulgarian Spatial Data Infrastructure (BIPD) is a prototype
geoportal as a free public benefit service. One of the main goals of
BIPD is to present databases, services and operational capacity to
Bulgarian organizations with priority:

« sustainable development strategy Europe 2020;

* Danube strategy;

» Earth Observation Program - Global Monitoring for
Environment and Security; in integration with the development of
the GALILEO satellite navigation system;

* European directives and regulations for the harmonization of
spatial data, data quality assurance, land monitoring, risk
management and security.

The initiative is part of a framework agreement between the
Executive Agency "Electronic Communications Networks and
Information Systems" (ESMIS), now State Agency for Electronic
Governance (EAU) to the Council of Ministers and the Agency for
Sustainable Development and Eurointegration (ASDE) as well as in
the execution of tasks under an agreement between ASRE and the
Joint Research Center (JRC) Commission. An experimental data
geography [4], an element of applied research and development
projects, including the 7th Framework Program of the European
Union, has been developed. One of the objectives is to facilitate and
accelerate the implementation of the requirements of European
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Parliament Directive 02/07 / EC establishing an Infrastructure for
Spatial Information in the European Community (INSPIRE).

The experimental geoportal is user-oriented. The user can open
and observe different thematic maps as well as digital satellite
images attached to the map of the Republic of Bulgaria. Apart from
the thematic card material, attribute data tables are also included,
and for more and more diverse information, a link to other websites
(Wikipedia) is provided.

The database is continuously complemented by new layers of
information coming from different state, scientific and municipal
structures. They are presented in a timely manner electronically
with the appropriate degree of accuracy.

The first phase of the pilot project - a spatial database for the
trans-European transport corridors passing through Bulgaria - is
based on satellite images with a 15 m and 30 m satellite resolution
from the LANDSAT satellite.

To improve image accuracy, it is also necessary to take into
account various types of interference. “The effect of disturbance
impacts on the quality of the information processed, resulting in its
destruction or aging, which increases the degree of uncertainty in
the decision-making process” *.

Currently finished layers of land cover from satellite images
with 5 m resolution SPOT satellite, as well as very high resolution
0.70 m and 1 m from satellites Ikonos and Quickbird for cities,
ports and other important sites.

3. SmartSDI Information System.

The SmartSDI system creates and maintains a database of
geospatial data and services available in government, as well as
information about their administrators. The system offers input,
editing and intelligent search tools in the database, these
functionalities being implemented in separate modules. The web-
based professional implementation of the system, as well as its
functional scope, allow use and development within the national
geoportal. The main activities include:

* Performing quality control of the accuracy and reliability of
spatial data;

* Validation of terrestrial and distance methods for
measurement of areas according to 1SO standards;
* modeling of requirements and business processes

(administrative and system level) through UML,;

* inventory of databases and creation of metadata using XML
schemas;

* object-oriented analysis, classification and retrieval of geo-
objects from satellite and airplane images;

» processing and interpretation of data from satellite and
aerospace imaging, in visible, infrared, radar and radiometric
spectra. To date maps of land cover have been prepared on different
scales for the needs of the most important trans-European corridors
with a 10 km buffer and functional urban areas;

* Performing ground observations with radiometric instruments
for the assessment of soil moisture for the early diagnosis and
reduction of the effects of soil over-wetting, dredging and flooding;

! Lazarov L.I., The basics of the electronic war, Veliko
Varnovo, 2018, p. 37
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* Voice technology for monitoring, control, control and security.

The user can open and observe thematic digital maps [3] as well
as digital satellite imagery from any point along the routes of the
trans-European transport corridors attached to the map of the
Republic of Bulgaria. The integration of information from satellite
imagery with various other information layers allows the
synchronization of various databases, verifying their authenticity,
updating and enabling the basis for effective and sustainable
management.

4. Web SmartCover GIS.

The SmartCover Information System and its accompanying
architecture provides spatial data services in the web GIS
environment. SmartCover is unique to Bulgaria and the European
Union because it contains cross-border spatial data and services
harmonized under the INSPIRE directive. On the other hand,
SmartCover is based on a terrestrial layer (land use) layer developed
under the global ISO 19144-2 (LCML) [8] standard, thus
maintaining coordination and updating of different layers of spatial
data and integrating thematic databases into a common harmonized
information package. One of the main tasks of SmartCover
Architecture is to be an information platform for integrated risk
management, territory and citizens' protection as well as regular
monitoring of changes and effective absorption of European,
regional and national funds.

ASURE and ReSAC are involved in the development of
comprehensive spatial planning resources in the border
administrative districts between Bulgaria and Romania, covering a
large part of the lower Danube region. The co-operation is under the
cross-border cooperation program and under the project "General
Strategy for Sustainable Territorial Development of the Romania-
Bulgaria Region (SPATIAL)".

More detailed technical activities include creating and building
systems and information services. The developed services allow the
integration of new harmonized spatial databases and other services
to be the basis for the creation of information systems at the state /
local level. The database will provide the necessary information for
a complete set of indicators at the statistical level - Fig. 1.

A specific result of the project is the creation of a
comprehensive common land cover database for the cross-border
area, based on the philosophy of Land Cover Meta Language -
LCML (ISO 19144-2) and fully in line with the principles of the
INSPIRE Directive. The Common Specification will provide more
effective cross-border analysis and reporting.

Fig. 1. Ground cover database.
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Referonce Land cover and Land Use
(LCLY) Layer Grid System
__Inscale1:25000

: . ¥ w88 D
Fig. 2. Extract from land cover / land use (based on LCCS /
FAO) for the city of Rousse.

5. Ground cover "'reference layer - Bulgaria™

The Bulgarian initiative for the development of a national land cover
database, using the FAO-LCCS methodology, is an example of applying
good world practices in assisting in local (national) decision-making. The
reference database - a layer of terrestrial coverage on the territory of the
Republic of Bulgaria is entirely prepared by specialists from the Agency
for Sustainable Development and Eurointegration (ASDE) and the
application center for satellite imagery - ReSAC.

The Earth Cover Reference Layer is based on satellite images from
Landsat satellite (USA) from 2011, with a resolution of 30 m. Information
on the altitude and the slope of the area is provided on each spatial object
(Figure 3.9). The authenticity of the interpreted data has been verified and
an accuracy of 85% has been achieved.

MpoToTHn Ha pechepeHTEH CNOK - 3eMHO NOKpUTUe Ha P Bbunrapus,
Ga3aupan Ha FAO LCCS, 2009 - 2010 r.

Fig. 3. Land cover "reference layer - Bulgaria™.

Bulgaria is the first Member State of the European Union to
launch a land cover database based on the world-wide accepted
LCCS methodology for the territory of the whole country, updated
for the period 2009-2013.

The LCCS-based reference database for Bulgaria is one of the
first attempts to be combined with a similar approach at local and
national level to the global approach to land management and
monitoring and land use.

This database is in line with the GLOBCOVER international
project, in which, apart from the European Union, the United States,
Russia, Canada, etc. (Figure 3.10) participate. The reference layer
includes updated information on the relief (SRTM v.4, by DG JRC)
and the main types of land cover, thus creating an appropriate
product for planning and managing the site.
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GlobCover
sl

VSIOTEAHETO Ha pEMEPEHTEN CNOA SMHO NOKPHTUE 38 LANGTA TEPATOPHA HA P.
BLArapis, ¥OWTO C2 OCKOB3BA H3 CACTEMATA 33 wnacvueaumi - LCCS ka
Opranaaunata no xpakn i Jemeacnie suv OOH - FAO/UN ¢ nupaara crunea or
SPANGINETO HA HALMONANNG 160623 A3 6 CHOTEATCTBUE © Ebgonaiicar
NpOrpama 3a MMoSaANEH MOHKTOPHHT HB DKONHETA CPELA U CHIYDHOCT - GMES.

WIGTBANETO HA pedEpeHTIMA CNOR MO NDIPITAE M3 32 UEA 3 NOANOMONME
NPOLSCA KA XAPMOHMIBLMA KA PEMIAHN TEWATHKA A3HHW, WAOTERHW 38
TepuTopuATa Ka P. Benrapua, ¢ mawal or 1:25 000 o 10 50 000. PedbepenTHiAT
10/ 3BMHO NOKPHTHE e G12E MINON3BaH B CLOTBETCTBAE W 33 OSHIIBSTARBANETO Ha
Anpersa 212007/EK. flupertnsa 6072007/EK, KarTo w ApyT AWGEKTHN W NPOpEMIt
Ha Eeponedicain Cund. PEQEpHTHIAY CNOR BKMCMES ODHOBEHE MHBOPMBELMA 33
paneda (ot SRTM v3, or DG JRC) # OCHOBHWTE BAAOBE 38MHO NOKPHTE, KETO NO
TOM Ka4AK GO GIRABA MORXOAAUI MPORYKT 33 NNAHMPAHD W yrpasnewse ka
TEPHTOPIATA

$y
Ll

Fig. 4. The reference database for Bulgaria as part of the
GLOBCOVER international project.

In partnership with the state administration, municipalities, civic
associations, scientifically-applied organizations, universities and
scientific institutes from the Bulgarian Academy of Sciences,
ASURO participates in the progressive building of operational
capacity to fulfill the requirements under Directive 2007/02 / EC
and under the Global Monitoring for Environment and Security
(GMES).

Global monitoring is also used in the field of intelligence.
“Coordination is needed when planning and conducting intelligence
in remote areas™.

One of the results is the preparation of maps of the terrestrial
coverage of the regional cities in Bulgaria based on high resolution
satellite imagery. The maps are 1: 5000 scale, using images with a
spatial resolution of 0.5 to 1 m from different satellites - "Ikonos",
"Quickbird" and "Eros".

Work on the preparation of more detailed maps of the land
cover for the district towns, which will enable the map of the town,
the regulation map, the thematic maps of the infrastructure, as well
as the maps of the lands, the natural environment and the
agricultural properties around the cities.

2 Yankov Y.l., Human intelligence - essence, advantages and
limits of info gathering, Collection of reports from the Annual
University Scientific Conference, V. Varnovo, 2010, p.2
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Conclusion

1. Spatial data infrastructure presents a solution to the
problems of resource discovery and data redundancy. It provides a
unified platform where people can go and search geospatial data,
maps, services, and other digital resources. As multiple government
agencies are sharing their data on one platform, SDI reduces data
redundancy and the extra efforts in collecting duplicated geospatial
data.

2. Spatial data infrastructures heavily rely on computer and
information technologies, and are continuously evolving with the
technological advancements.

Similarly, we may see the emergence of new technologies that
can improve SDIs in various aspects, and some of these
technologies are already being tested in research labs.
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INNOVATIVE APPROACH TO CONTAMINATED SOIL PHYTOREMEDIATION:
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Abstract:

Land contamination is now recognised as a problem capable to affect ecosystems and human health in a range of different ways. Perception
of soil as a vital natural element as well as an essential resource for human survival and development raises public awareness of soil
contamination as an important environmental issue worldwide. It is reported that more than 10 million contaminated sites exist on our planet,
with half of the sites contaminated with heavy metals (Khalid et al., 2017). If most of organic contaminants are easily biodegradable, heavy
metals are highly resistant to either biologically or chemically induced degradation. Successful phytoextraction technology development as
well as implementation requires comprehensive understanding about heavy metal mobility influencing factors, metal behaviour in soil-plant
system and their transfer peculiarities from substrate to different plant parts.

One of the most abundant sources for alternative energy is biomass. However, due to the shortage of arable lands energy cropping is
enforced to compete with traditional agriculture. But exists another problem, that upper soil layer in many regions is contaminated with trace
elements (e.g. Cd, Cu) as a consequence of intensive farming. Soils with exceeding threshold values for heavy metals are no longer proper
for food and feedstock production. Combining traditional phytoextraction with energy cropping could help not only to reduce contamination
incorporating plants, and also to use biomass for energy recovery. An interdisciplinary approach on phytoremediation of heavy metal
contaminated land could extend the accessibility of arable land for energy cropping, also reveal new possibilities to reuse rest products of
phytoremediation process.

In this study heavy metal accumulation potential in the biomass and different plant parts of the selected species of energy crops cultivated on
contaminated soil was evaluated. Phytoextraction potential, biomass yield and qualitative parameters of bioenergy plants grown on heavy
metal contaminated soil has been measured. Finally heavy metal influence on biomass utilization possibilities, energy recovery and further
safe use of the rest products has been evaluated. Demonstrated possibilities to grow bioenergy plants on moderately contaminated soil could
increase the use of marginal lands, decrease land use competition between food and liquid biofuels and provide options for a gentle and cost-
effective remediation.
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ENVIRONMENTAL AIR QUALITY MONITORING SYSTEM AS A SUPPORT FOR
PRECISION AGRICULTURE

M-r Elena M.Jovanovska, Prof.Danco Davcev PhD, Prof. Kosta Mitreski PhD
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Abstract. In order to make better decisions in the precision agriculture the measurement of air pollution parameters such as PM10,
NOx, SO2, CO, O3 and agriculture parameters such as air temperature, humidity, soil moisture and leaf wetness are of crucial
importance. Making analysis using different Al technics based on these parameters can bring better yield and quality in the food
production process. In this paper we present our approach in building an environmental air quality monitoring system as a support for
precision agriculture.

KEYWORDS: AIR POLLUTION, WIRELESS SENSOR NETWORK, PRECISION AGRICULTURE, 10T
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Abstract: The research in the field of logistic processes in the printing house will be focused on defined the improvement in the context of
the ,, Industry 4.0 concept. In the industry, the growing complexity of production makes logistic processes more and more important. In
every printing house industry certain processes which are implemented in the sphere of production can be systematized. The study will focus
on the importance and goals of logistics processes; distribution; logistic chain; analysis of the efficiency of processes; selection of suppliers
and organization of deliveries, creating networks of cooperators in the enterprise; computer support of processes at production; designing
logistic systems. The study will present logistic processes in the printing house based on the ,, Industry 4.0” concept. "Industry 4.0 is often
identified in the first place with the digital transformation of production systems - their digitalization. The production sphere is also moving
towards increasing digitalization, first and foremost by using wider applications: data management (Big Data), and above all effective
acquisition (via various types of sensors) and analysis of data; automation, e.g. the combination of traditional manufacturing methods with
artificial intelligence, allowing to reduce errors and costs; communication using broadband links to connect the whole value chain; digital
communication with clients. The conclusion of the research will be providing improvements of processes in chosen printing industry
analyzing the solutions of the "Industry 4.0" concept.

KEYWORDS: LOGISTICS; LOGISTIC PROCESSES, PRINTING HOUSE; INDUSTRY; INDUSTRY 4.0

Introduction

The importance of the industry for global economies is enormous therefore companies are still looking for new solutions that simplify
production processes and reduce costs and minimize the terms of order deadlines. For companies located in Europe where labor is a high
cost, shortening the production cycle is very important from the perspective of the company's competitiveness.

Therefore, each of the world's distinctive economies runs its own industrialization strategy. In China, in accordance with the government
FYP program (Five-Year Plan / 11-16) each "western" investment should result in a research and development center serving the
development of the transferred technology. In turn, in the United States innovation is the main development strategy. In this country exists
an efficient system supporting research and development based on cooperation between academic centers and business. Whereas in Europe,
especially in Germany appeared the concept of creating a "smart factory" (digital factory), the assumptions which describe the concept of
"Industry 4.0" which aims to connect industrial processes and digital technologies.*

In the logistic sense, this means moving away from the value chains and preferring temporarily created virtual physical cyber networks.?

The production sphere in printing houses is heading towards digitization, using the following facilities: Big Data efficient data acquisition
and analysis; automation is the integration of artificial intelligence into traditional production in the printing industry, will be discussed in
greater detail later in the article; digital communication with clients.

The quintessential concept of "Industry 4.0" is the Internet of Things, which is to integrate people, products and machines into one unit in
order to deliver the packaging which is final product expected by the customer and with satisfaction for the printing house in terms of
production and cost.

Curreramtly, it is estimated that the implementation of the "Industry 4.0" concept will achieve by 2025 an additional total profit of 260 billion
euros.

The table shows the Industry section from 1.0 to 4.0 with assigned duration, technology, production system and different markets.

Industry 3.0

(from the 1980s to now)
Technology: information, analog to digital, integral to modular
Volatile market: production volume, product variety. delivery time
Production system: Seru. Flow line, TPS, Job shop, Cell, FMS

Industry 1.0

(fromthe 18th to 19th centuries)
From agriculture to industrial society
Technology: steam engines
Simple market: production volume
Publication: Wealth of Nations — Adam Smith
Production system: Craft production

Industry 4.0
Industry 2.0 (near future)

(from the end of the 19th century to the 1980s) Technology: IoT. big data, electric vehicles, 3D printing
Technology: elect{mry. electronic, “ECh‘“.“C“l de\'l_ges. Cas | cloud computing, artificial intelligence, cyber-physical systems
Stable market: production volume and product variety Smart market: customers participate individual customization
Publication: The Principle of Scientific Management Production system: Seru, Flow line, TPS, Job shop, Cell. FMS

— Frederick Taylor
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1 B. Wolinski, The concept of "Industry 4.0" as a strategy for reindustrialisation and implementation of next generation production processes
2 M. Wyrwicka, Revolution or evolution in logistics?

% Consultants R.B.S. (2015) The Digital Transformation of Industry, Roland Berger Strategy Consultants, Berlin

*Yong Yin, Kathryn E. Stecke& Dongni Li, The evolution of production systems from Industry 2.0 through Industry 4.0
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Logistics processes in printing industry

In order to meet the demands placed on the market, new
technologies are being created to increase efficiency, decrease the
price and improve quality. Most of data in printing house is sent via
Internet. A modern printing house is one that is equipped with a
modern machine park but is it only that? What is also important is a
tightened relationship with the customer, flexibility to meet client’s
requirements and environmental protection including lower energy
consumption. In doing so, it is necessary to improve the logistic
processes existing in the enterprise, on the most important ones we
will focus below.

Distribution of ready-made packaging in the packaging printing
house is delivered directly to the final customer or to the buffer
warehouse. Often, deliveries are defined, for example, 2x a week
under customer demand. Once a week, the customer sends an EDI
call to the current call off which often changes the day before the
planned delivery. Therefore it is essential role to be in close contact
with the customer and change the demand depending on the
customer's planned production and analyze data EDI and compare it
with packaging which are on stock. The analysis of the EDI sent by
the customer with the planned collection of packaging plays a
significant role and decrease inventory levels secured in the event of
sudden changes in production plans.

Analysis of the efficiency of processes using the ERP Print
Manager System which is one of the most implemented system in
printing houses in Poland, it is possible to analyze the profitability
of each production orders and the efficiency of individual machines.
Every station in each process in the printing house: printing
machines, die-cutting and gluing machines are equipped with a
computer with Print Manager system where all the data are
collected and is associated with the entire system. Therefore,
customer service have current access to data in the system and can
check in what production process the order is located at the
moment. Additionally, when the production order is completed, it is
possible to analyze the reason in case the production costs were too
high.

Selection of suppliers and organization of deliveries The
company needs to have a systematized group of suppliers. The main
suppliers for the packaging printing houses are paper manufacturers
and wholesalers. Depending on the order and the date of its
implementation, the technologist or person from the customer
service department decides where the raw material will be delivered
from. Inks, varnishes and other articles directly related to printing
are ordered on a regular basis within 24 hours delivery. Providers of
industrial services (die-cut, matrix etc.) must establish partnerships
with cloud solution providers and data analysis so that processes
can proceed smoothly.

Creating networks of cooperators in the enterprise there is a
common system in the enterprise which allows the employees to
have access to the different modes of system depending on their
permission. The communication within the company is conducted
using instant messaging. Calculations in the system regardless of
the person from customer service are made on the same formula
previously created and constantly improved by the specialists.
Technology cards for each product with access to technology, type
and method of packaging, inventory of individual clients that
interact and synchronize with system files from customers make it
easier to check the position on the production for both side
customer and customer service in the printing house. There is a
platform available for customers to check stock levels, a list of
structure drawings, each client has access to it after log in at any
time.

Computer support of processes at production in the case of
uncertainty regarding any of the processes, e.g. packaging, the
knowledge can be copied from the existing product cards. In the
case of the printing process and resumed work, all parameters are
already in the system. In the case of new works, the knowledge of
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the printer as well as the measurement of the color intensity of the
densitometer are necessary. In the case of die-cutting and gluing
machines the knowledge of the operators of machines is required,
machines do not automatically adjust themselves.

Designing logistic systems Creating a system database and then
adding data and streamlining processes by analyzing these data is
essential to start improve communication and processes. The
printing process is always preceded by checking and processing the
artwork by graphics in Prepress department. With the help of
solution- PREFLIGHT artworks are distributed to individual
graphic due to the level of difficulty. However, the printing process
is closely related to the data on the printing machine in the case of
printing resumption this process is more efficient and the data is
collected from the system. Automatization may apply to this sphere
but only in theory. While printing the entire printout, optimizing the
ink- color, type of different varnishes checking the sheets every 10-
15 minutes is compulsory. Each of printing stages has a lot of
inflammatory elements which may occur errors. The printing
process for packaging is the most important process because of the
raw material (cardboard) often accounts for more than 50% of the
whole package price. Therefore, incorrect printing and significant
color difference which may be visible on the shop shelves cannot
take place during production process. Example is to check all the
files prepared by the customers. Early detection of any errors can
secure at the initial stage before further consequences: waste of
time, material and money. To achieve that is essential to know the
realities of the printing house in order to optimize the entire
production process.® Of course, there are existing printing houses
where the transfer of graphic files takes place directly to the
printing machine without work of people, on the responsibility of
the customer.

Other solutions that streamline processes include placing sensors on
gluing machine to verify barcodes and packaging identical
assortments. This is used to eliminate errors in manual packaging
when the graphics are similar, therefore the bar code is the only
determinant that the packages differ from each other.

After sending packaging from the warehouse the invoices are
automatically issued in the system, the worker must only check
them. Then, some clients have platforms on which they want to
have invoices attached. In the future, there will be probably
possibility to combine these systems and invoices will automatically
pop on the client's platform.

As stated, in advanced technology, we are dealing with
technological improvements in Research and Development Industry
such as 3D Printing, usage of codes from GS1 standards to help to
unify and streamline processes within the company or implement
technological solutions to automate production processes such as
inserter or conveyors and industrial trucks.

3D Printing is the process to create three dimensional
object with material. Is used on a logistics system for spare parts to
avoid stocking and is useful in Research and development industry
to create e.g. appropriate packaging model.

Under the new regulation of the counterfeit
prescription directive, from February 2019, the labeling of the
packaging of these products will change. The bar code symbol will
change from linear to two-dimensional and the individual serial
number of the packaging will be added. The use of this solution in
the supply chain will guarantee greater transparency of all stages of
the supply chain and will give the opportunity to verify the origin of
a particular product and will protect the patient. Inconsistent
identification systems increase the operating costs, reduce the
effectiveness of activities aimed at protecting European borders
against counterfeits. GS1 standards are compliant with 1SO and
communicate with other standards in the field of health and e-health
and are in line with trends in the European Union.® The use of

® https://www.printnews.pl/znaczy-nowoczesna-drukarnia/

® A. Gawronska-Blaszczyk, How to effectively and effectively
implement the requirements of the so-called false directive in the
field of a unique identifier.
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Abstract: Insuring a sustainable development of wind energy production and consumption is challenging and highly important for
/achieving of EU 20/20/20 goals for Bulgaria. Wind energy has been seen as a clean and environmentally friendly in comparison with
conventional energy sources, but there are still some conflicts between wind energy project development and environmental protection goals
that should be enlighten and solved. One possible way is to enhance the process of wind energy projects' location identification. The current
research is focused on identification and classification of criterion that could be used in this process. The legal requirements regarding wind
energy projects' location are analyzed and presented. Additional requirements regarding environmental protection and biodiversity
conservation are identified and defined as criterion. A set of measurable indicators related to each criteria is established and proposed in

this paper.

Keywords: WIND ENERY PROJETCS, LOCATION, CRITERIA, ENVIRONMENT

1. Introduction

The increasing renewable energy share in energy production
and gross final energy consumption is a global sustainable trend.
The Worldwide installed wind energy capacity shows 4.47-fold rise
for the period from 2008 to 2017. The installed wind energy
capacity in the European Union (EU28) increased from 63 865 MW
in 2007 to 171 244 MW in 2018 year, which is nearly 2-fold rise.
The same trend is observed in Bulgaria: the installed energy
capacity in 2007 was estimated to 114 MW while in 2018 reaches
699 MW [7,17]. This impressive 6.13-fold growth is in line with the
achievement of EU20/20/20 targets pointed out by the 2009/28EC
Directive of the European Parliament on promotion of use of energy
from renewable sources [6]. In the conditions of rapid and dynamic
development of wind energy in our country appears the objective
need of detailed review of the process of wind energy projects’
disposition determination. Creation of methodology for potential
wind energy projects’ location assessment is an opportunity for
sector’s optimization and avoidance of conflicts in the “energetics-
environment” interaction. The wind turbines’ lifetime, estimated to
20-25 years, together with the eager of the investors to insure a
definite internal rate of return, lead to the need of the WEPs
location selection, based on long-term environmental alterations
assessment [10]. Obviously the potential land use conflicts should
be taken into consideration.

The present research aims to fill in some of the existing gabs in
WEPs’ disposition determination by proposing set of criteria
applicable to WEP location assessment. The efforts are focused on
criteria identification and classification, to support practitioners in
WEP sector as well as decision makers.

2. Criteria for Wind energy projects potential
location assesment

To achieve and maintain sustainable development of wind
energy in Bulgaria is essential to balance the economic efficiency
with social and environmental goals. In order to ensure long —term
sustainability of WEP a set of criteria that fully covers the process
of potential WEP location assessment and exact WEP disposition
determination is required. The understanding of interaction and
interdependence of economic, technical and environmental factors
is a key precondition for WEP location assessment optimization.

The reassurance of renewable energy production with the
purpose of insuring energy independence, deduction of greenhouse
gas emissions and climate change combating is transposed by
Directive 2009/28EC of the European Parliament on promotion of
use of energy from renewable sources. This interaction already has
a legal performance. The EU legislation related to wind energy as
apart of renewable energy was transposed in the Bulgarian law for
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energy by renewable sources at the end of 2011. Other regulations
inforce correlate to environmental protection and agricultural
territories”  protection, urbanization and urban territories.
Numerous restrictions regarding WEP development have been
introduced in Bulgaria, such as:

- Prohibition of WEP construction closer than 500 meters
from regulated territories under the law for servitudes;

- 35 meters minimum distance to forests;
- 200 meters minimum distance to protected forests;
- 100 meters minimum distance to lakes/rivers;

- Maximum 600sq.m of agricultural land for foundation
construction and adjoined infrastructure.

The already existing restriction and prohibition by the Bulgarian
law are out of the context of the present research. The existing
regulation has an imperative character and only WEP territories
with building permit are a subject of evaluation of proposed criteria.

To highlight the main proper conditions for WEP
development on certain territory a set of criteria is propose. It
includes three main groups of criteria: economic, technical and
environmental. In Bulgarian practice many of the problems with
WEPs’ territorial disposition selection originate from the fact that
the assessment process lay down only on economic analysis. A
social-economic evaluation and assessment of the value of
ecological assets is not performed at all. Thus, we adopt an
analytical approach with defragmentation of criteria, so they
specifically cover the economic, technical and environmental
aspects. At the same time the practice requires more detailed and
precise overview and assessments of the conditions under which the
WEPs will be developed during the whole life-cycle of the project.
That leads us to the detailysation of the proposed groups of criteria
requirement. Thus, further decomposition of the main criteria is
conducted and classification of criteria is presented on Fig.1. The
proposed criteria are out of the specifically prohibited by the
Bulgarian legislation restrictions. Three groups of interconnected
criterion are definitively underlined: i) economic ii) technical and
iii) environmental. The WEPs’ location assessment requires
analyses at least on the above-mentioned criteria and further
synthesis. The evaluation of each criteria fulfillment demands
observation, monitoring and analyzation of number of parameters.

The group of economic criteria, as proposed, includes: Wind
potential; Initial cost; Maintenance cost; Preferential prices/feed in
tariffs.


mailto:Stankova.todorka@gmail.com
mailto:dtoneva@abv.bg
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Fig. 1 Criteria for WEP location assesment and selection

Beneath “Wind potential” criterion achievement we recognize
the presence of wind potential, meeting the qualitatively and
quantitatively requirement. It is a predominant condition for WEP’
development on certain location. So, the vector realizations of the
variables wind speed, velocity and density, compared to the defined
minimum requirements for WEP development, manifests the level
of criterion’s completeness.

“Initial cost” criterion accomplishment suppose that the initial
investment, including project purchase fee, project development
cost and equipment and construction price, is acceptable and
admissible from the investor’s perspective. In order to assess the
initial expenses on the project additional factors such as project grid
connection fee should be evaluated too.

“Maintenance cost” comprises the annual wind project’s
maintenance. The parameters of interests are operational costs,
scheduled and unscheduled fees for reconstruction. The
administrative burdens are considered in the frames of “Initial cost”
and “Maintenance cost” criterion.

“Preferential prices or feed in tariffs” aims to feed the evaluate
expecting internal rate of return (IRR) calculation. Another
parameter with significant importance is the state guaranteed period
for purchase of the produced energy.

The group of technical criteria is broken down to: Grid
connection availability; Grid connection capacity; Geological base;
Accessibility and transport infrastructure.

“Grid connection availability” stays to manifest the presence of
electrical grid in the area of interest. This criterion alone is not
equal to wind energy projects’ grid connectivity because the
presence of grid does not guarantee the availability of capacity for
connection and transfer of energy to the end consumer.

The “Grid connection capacity” is set as a criterion, comprising
the presence of free grid capacity and connectivity allowance. The
fulfilment of each of those criterion is necessary condition, but only
simultaneously jointly achievement of both insure the grid
connection of wind projects.

“Geological base” includes the possibility for foundation and
installation of wind turbines which weight and base have to be
precisely planned on appropriate Earth layers. The parameters of
interests are stability of the base and predetermined ease of
construction work.

“Accessibility and transport infrastructure” has a multiple
means. From one side the WEP’s accessibility is crucial for its
construction and is highly important for the project maintenance.
The wind turbine elements are over-dimensions and require roads
via which special vehicles can pass through. On the other side all
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year round accessibility is needed for the annual maintenance which
insures the WEP proper operation.

More parameters could be added to the proposed one but these
are considered as the minimum required for the purpose of initial
selection of wind project location.

Due to the fact that the economic and technical criteria are well
known in practice the interest in the article turns upon the
environmental one. The assessment of ecosystem services is an
expensive, time taking and challenging task. That’s how easy the
environmental protection goals and environmental responsibility of
organizations drop back as criterion of WEP location determination
process. The objective need of simple, clearly defined
environmental criterion revealing the interconnection and
interdependence between WEPs’ development and environmental
protection is obvious.

The group of environmental criterion, as proposed, includes:
Protected areas; Natura 2000 sites; OIP/vulnerable bird life; Forest
ecosystems. The concerns regarding wildlife and natural habitats
preservation are taken into consideration. While the economic and
technical criteria simply a presence and preference, the
environmental suggests absence or avoidance.

For the purposes of current classification the “Protected areas”
criterion is fulfilled when the potential WEP location stays off-
protected areas and buffer zones.

“Natura 2000 sites” require avoidance of NATURA protected
areas as well as buffer zones around them. In accordance to
Bulgarian practice we accept the minimal buffering range of 900
meters.

The Ornithology important places (OIP) spread over the marked
and overlapped with Natura 2000 areas, the migration routes,
especially the one with narrow migration front. No matters that OIP
aren’t necessarily special protected areas, from investor’s
perspective, those sites are risky especially when vulnerable bird
species are in high abundance.

The high ecologic importance of the “Forest ecosystems”
imposes their presence among the environmental criteria, no matter
of their legislative status.

Environmental criteria cover the field of direct and indirect
interaction between wind energy and environment.

3. Interaction between wind energy projects and

environment in Bulgaria

No matter that wind energy is considered as relatively clean
energy, with low water consumption [16], saving green gas house
emissions there still are some conflicts between wind energy
projects’ development and environmental protection goals that
shouldn’t be neglected. Despite that Bulgaria takes less than 1% of
European territory, the country is one of the EU member states with
richness preserved biodiversity. Proclaimed sites for nature
protection and preservation, excluding NATURA 2000 zones, are
over 1000. The number of reservs with conservational significance
counts to 90. General ban on WEP construction is imposed on-
reserves..

Bulgaria obtains the second richest ornithological biodiversity
in Europe [14]. 1t’s confirmed by the fact that 78% of the European
common bird life including 12 globally endangered by extinction
species are presented in Bulgaria [12, 13]. In this context our
country is internationally responsible for the protection of
vulnerable and threaten of extinction bird species.

In Bulgaria the number of wintering birds of European
conservation concern exceeds 200 species [12, 11]. Among them is
the Red- breasted goose (Branta ruficollis). Almost the whole world
population winters in Kraymorska Dobrudzha. 114 ornithology
important places (OIP) are appointed by Birth Life International in
Bulgaria. In addition 118 Bulgarian sites (22.6% of the national
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territory) are a part of the largest network of protected areas -
Natura 2000. The map of NATURA 2000 protected zones is
presented on Fig.2. These zones are established to ensure the long-
term survival of Europe's most valuable and threatened species and
habitats, listed under both the Birds Directive and the Habitats
Directive. In Bulgaria the OIP and Natura 2000 sites generally are
overlapping territories.

NATURA 2000 MAP

Protected areas - Habitats directive

Protected areas - Birds directive
Fig. 2 Protected sites by NATURA 2000 in Bulgaria

The main birds’ migration routes in Bulgaria are: Via
Balcanica, Via Aristotelis and Via Pontica, which is the second
largest migration route in Europe. Via Pontica, crosses the western
Black Sea region via Bulgarian Black Sea coastline, entering up to
100km inland. Over 620 000 soaring birds traverse to South Africa
via Bulgaria. Annually 78 % of the world population of white stork
[/Ciconia ciconia/, the whole Europe population of pink pelican
/Pelecanus onocrotalus/ as well as 24 species threatened with
extinction [12, 11]. The geographical migration regions division

are presented on Fig. 3.

VP12

NEZo M Vi

vl

Via Balcanica

Fig.3 Migration regions on the territory of Bulgaria with studied
sites [10]

In practice the interaction between WEP development and
environment often results in land-use conflicts. The main reason is
the territorial overlap between regions with high wind potential and
high birds abundance.

For the period of 2003-2009 in Bulgaria 2840 applications for
wind energy installations are presented in the Regional inspections
of environment. 83 % of them are realized without evaluation of the
environmental impact (EEI). [9, 2] Most of the applications are for
single wind generators or for less than 7 wind generators in a farm
which is used EEI to be avoided. This is one of the flaws which the
Ministry of environment found in the procedures. Using this
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disadvantage some investors administratively “transforms” their
large- scale project into small- scale projects [11, 10].

Till August 2015, 3233 are the applied wind generator investor
intends only on the territory of Regional inspection for protection
the environment — Varna. The realized intends are 401, 245 of
which are located in protected zones [15]. Despite the EU court
practice for not allowing disturbance of habitat or anxiety in OIP, in
Bulgaria after its acceptance as a EU member state, construction of
wind farms in IOP and in Kaliakra /Dobrudzha/ was allowed [11,
20].

The Ministry of Environment and Water already accepted some
legislative prohibition and provisional restriction due to WEP
permition for construction in some areas as Dobrudzha, East
Rodophy maintain and Bourgas region purposing protection and
minimizing the risk for sensitive to wind generators bird species.
Temporal and permanent restrictions regarding WEPS construction
are inforce for numerous individual NATURA sites, showed on
figure 4 in purple. The blue markings corresponding to the areas
with mean wind speed over 4m/s.

Fig. 4 Map of restrictions on WEP construction terittories and
wind potential map[11]

The WEPs development is put in disadvantaged situation in
Bulgaria by the legislative acts of this kind. At the same time the
world practice without doubt proves that encouraging investors to
introduce and implement environmentally responsible approach in
WEP development is a step in the right direction.

4. Conclusion

The prosed set of criterion and classification does not claim to
be exhaustive. It represents an open flexible system, applicable to
wind energy projects development, supporting the decision makers
in the initial phase of WEPs’ potential location assessment and
disposition selection. The differences of national legislative
requirements regarding WEP development easily can be introduced
to the proposed classification.

The implementation of so classified criterion offers to the
practitioners a wider perspective allowing them to take into account
the full scale of aspects regarding WEPSs’ disposition and to balance
economic and environmental demands and sustainability of the
project. The complex achievement of the set of criteria could be
evaluated properly only as a dynamic equilibrium, taking into
account the use and non-use value of the nature, vulnerability of the
assets and the overall added value of project.

The creation of methodology for WEPs’ location assessment,
based on proposed set of criteria is a subject of team future work.
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Abstract: The present article is a conceptual paper which aims to be a foundation for future experimental work. The conceptual work
discusses different aspects of a new utility model — a ceramic beehive. The evidences are based on theoretical models based on the optimal
living conditions of the bee family and the specifics of the changing external environment. Along with these factors are considered the
ceramic properties and the relevance of the ceramic material as a construction material for the brood (the beehive body). In order to reach
the aim of the paper are used the following empiric and non-empiric methods: literature review, expert evaluation, experiment. The results
from the study confirm the conceptual model and reason the hypnotized properties of the experimental model for optimization of the living
conditions of the bee family. This is supported by evidences in increasing of the honey production in the ceramic beehive.

Keywords: CERAMIC, BEEHIVE, CERAMIC BEEHIVE

Introduction justifies the idea of producing an advanced model of contemporary
The importance of the honey bees for the nature of our planet is ceramic beehive. The main reasons for this are in the specific
indisputable- their presence is vital as pollinators (Aslan, Liang, advantages of the ceramic in comparison with the traditionally used
Galindo, Kimberly, & Topete, 2016) of the agro ecosystems, for beehive production wooden material. Here we will highlight
ensuring the productivity and stability in nature (Rogers, Tarpy, & some of these advantages which we consider as most important.
Burrack, 2014), having great importance for national and world

economy (Rucker, Thurman, & Burgett, 2012; Southwick & Wood Face Brick
Southwick, 1992) as whole industries benefit and exist due to the RH, MC MC

bees and their products- agriculture, beekeepers economic sector, %

the market of honeybee products, cosmetics, pharmacy, etc. (Weight %) (Weight %)

During the last 10 years an alarming event is observed and reported
in many North American and European countries- colony loses and
the so called "Colony Disease Disorder" (CDD). CDD is associated 50 ~Q 0.02
with complete absence of the colony with no dead bees in/around
the colony; presence of capped brood; presence of food stores that
are not robbed by other bees or typical colony pets (Ellis, Evans, &
Pettis, 2010). The collapsing (weakening) of the colonies can be 80 16 0.09
due to 1. An insufficient number of bees to maintain the amount of
brood in the hive; 2. The workforce is composed largely of younger

adult bees; the queen is present; 3. The cluster of bees is reluctant to 90 20 0.19
consume food provided to them by the beekeeper. Although the
event is not new in the nature, recently its size is going much 95 24 0.38
beyond the normal. Other disturbing facts are concerning increased
loses and lethality which can be caused by different factors most 100 20+ 43

commonly connected to bee pathogens and parasites (Genersch,

2010; McMenamin & Genersch, 2015), chemical usage (Gashout,

Goodwin, & Guzman-Novoa, 2018), chronic sublethal stress =
(Bryden, Gill, Mitton, Raine, & Jansen, 2013), etc. 100 n/a =7
In order to be ready to face the problem, countries like the USA are
allocating huge amounts of money for forming “consortium of
investigators working in a coordinated manner to reduce
institutional redundancy and optimize the discovery and delivery of
sustainable bee management practices”. (Pettis & Del_aplane, 2010). Firstly, from technical point of view, one of the most important
This common world problem should attract the attention not only of  properties of clay is that when it is baked at high temperatures (over
the academic society but also to the industries and policy makersto 950 © (), it is irreversibly transformed into a solid stone-like body
join efforts towards finding solution of this problem which is of = that has high strength, fire resistance and low water absorption.
global importance. _ ) _ What is more, the backed clay is a pore "breathing" structure with
The present paper aims to offer a possible solution matching the  high frost durability(Hansen & Kung, 1988) and is performing
reasons for the managed bees loss and the CCD with some specific  petter in terms of water retain (table 1) which is important when
properties of the baked clay materials. We find it reasonable to  considering the fact that the increased humidity and moisture
explore the potential for a beehive constructed dominantly from  content of the material are predispositions for bacteria and other
ceramic to be a technical solution for improving the living  microorganisms occurrence in the beehive. This would make the
conditions of the managed honey bees. The motivations behind the  conceptualized ceramic beehive model especially useful for
present study are multidimensional. geographical regions characterized with extreme temperatures, high
The idea for using clay as construction material for beehive is nota  temperature amplitudes between the seasons as well as places with
new one and we assume that its applicability is already historically hijgher risk of fires or windy areas (the relative higher weight of the
proven. There are existing evidences dated back to 2450 BCE when  ceramic lowers the risk of sweeping) which cause serious material
the Egyptians had developed sophisticated apiculture for  gamages to the beekeepers. Because of the properties of the baked
beekeeping in clay hives which later had spread throughout the  clay and its relatively higher endurance in terms of physico-
Mediterranean (Kritsky, 2017) The continued usage of the clay  mechanical and operational properties, a ceramic beehive is
beehives is evidenced from remainings from the Iron age at the  expected to be able to provide an optimal solution for unfavorable
lands of Jordan Valley (Mazar, Namdar, Panitz-Cohen, Neumann,  environmental conditions both for the bees and the beekeepers.

Table 1 Table 1 Correlation of Relative Humidity, Wood Moisture Content,
and Brick Moisture Content

& Weiner, 2008) to different periods from the human history Additionally, the endurance of the ceramic materials in
(Francis, 2009) (Harissis & Mavroftidis, 2012; Taxel, 2006). their solid baked form does not require any successive treatment as
Combining the example of our ancestors with the trends and it js in the case of the wood materials. The wooden beehives require

development of the technologies in clay processing, theoretically  regular treatment with wood preservatives which affect the quality
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Results and discussion

of living of the bees as well as the quality of the bee products.

Authors who worked on the topic argue that the wood preservatives
such as chromated copper arsenate, tributyltin  oxide,
pentachlorophenol are associated with winter losses of colonies
(Johnson, 2015; Kalnins & Detroy, 1984) and increased arsenic
content in the products. Wood materials have relatively short life
cycle in comparison with the bricks. With the time, the wear
resistance of the wooden materials decrease and wood declay
process takes place due to the wood-inhabiting bacteria and the
actinomycetes (Clausen, 1996; Johnston, Boddy, & Weightman,
2016). The process causes effects on the level of hygiene within the
beehives well. In this respect, the ceramic beehive is a more
hygienic material which does not favor the development of bacteria,
it is rot—proof, impermeable, non—absorbent, insulating and easy to
clean and disinfect. Usage of ceramic material has also an
environmental advantage as the production of ceramic beehives is
not connected with cutting trees.

Considering all the above mentioned we assume that there are
enough evidences to hypotize that a ceramic beehive would find a
good application in the beekeeping industry providing better
conditions for the bees and assuring better quality of the bee
products.

Methods

In order to reach the aim of the study, is used a complex of non-
empirical and empirical methods such as theoretical analysis, expert
evaluation, experiment. The expert evaluation has been conducted
in two stages - before and after construction design of a model of
the conceptualized beehive. The expert evaluation aimed to gather
experts who work in different fields connected to beekeeping
(beehive production, beekeepers experts, academicians and
researchers, constructors) in order to critically evaluate the idea and
generate guidelines for the production of the first experimental
model. The first experts' evaluation meeting took place in the spring
of 2012. Following the production of the first experimental model,
another experts evaluation took place in order to discuss practical
aspects of the design, construction and production process. In 2014
starts the consequent process of inhabitation of the experimental
model with bee families. The beehives are constantly observed and
improvements of the construction of the beehive has been done in
timely manner. The last upgraded version of the model has been
inhabited in 2017.

Image 1 Prototype of ceramic beehive/ model 1

Table 2 Specification of the models for production of plates

The first experts' analysis of the idea gives ground for development
of the first utility model. The assumed benefits and advantages of
the ceramic beehive have been confirmed by the experts. It was
agreed that at this stage of the model development it is most
appropriate to be designed and produced only the body (brood) and
the top cap as it is the place where the queen lives and where the
bees are during the winter season. The construction of the hive
consists of ceramic plates and supporting metal structure as it is
shown on image 1. The sizes of the design of the prototype is in full
compliance with the standard for Langstroth hives enabling the
usage of the standard wooden boxes above. The choice of
Langstroth standard is not done randomly but because it is the most
common used beehive in Bulgaria.

The realization and implementation of the idea has been discussed
at the second expert evaluation meeting when advantages and
disadvantages of the result has been analyzed. It was concluded that
the main disadvantage is the weight of the body so lightening of the

Image 2 Ceramic plate with increased cavity

construction has been recommended. This led to research and
development of new technological solutions ending up with design
and production technology of ceramic plates with 66,66 % cavity
(image 2). Apart from lightening the construction, the new single
plates provide better isolation within the box because of the airbags
(the inner part of the plate is filled with air) which ensures better
living conditions and optimal temperature, significantly reducing
the work of the bees in providing better living conditions.

Along with the utility model has been developed the technology for
production of the plates as currently there are model equipment for
producing of different types of plates as show in table 2.

Size Cavity Water saturation Compressive strength Weight

[mm] [%] [%] [MPa/ kg/cm’] [kq]
310x375x25 66.66 <10% 28 /2800 2.900
310 x 500 x 25 66.66 <10% 28 /2800 3.800
260 x 500 x 25 66.66 <10% 28 /2800 3.000
260 x 375 x 25 66.66 <10% 28 /2800 2.600
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Image 3 Ceramic beehives, improved experimental model

Following the recommended modifications, 14 beehives have been
produced and put in natural conditions with bees inhabited in
apiaries in different geographical regions. The beekeepers who
participated in the experiment were asked to observe the bees'
behavior and to report problems and impressions they have from the
exploitation of the experimental model. From all the beekeepers
feedback has been collected. During the experiment, in summer
periods in two of the apiaries occurred fire. In both places the only
remaining hive from the burning beehives is the experimental
ceramic one. The last report on the results of the usage of the
ceramic beehive is from the autumn of 2018 when the beekeepers
report 30% increase in the honey production in comparison with the
production in the wooden hives. For none of the ceramic hives is
reported bee loss or CDD.

Conclusions

The results obtained from the research confirm the
conceptual model and reasons the hypnotized properties of the
experimental model for optimization of the conditions for life of the
bee's family. The idea has been registered as utility model in the
Patent Office of Republic of Bulgaria with application number
2412/14.05.2013. Further experimental work is recommended in
order to be laboratory tested the qualities of the honey produced in
the ceramic beehive as it is assumed that the optimized internal
conditions may also have effect not only to the quantity but also to
the quality of the bee products.
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Abstract: In today’s fast changing world it is crucial for businesses to stay in touch with the latest developments in the processing
technologies in order to remain competitive on the market. The paper reviews the most recent innovations in plastic injection molding
technologies. Their pros and cons and their possible impact on manufactured materials. And how these processes improve the design,
function of products, automatically, and cost effectively.Furthermore, the paper researches the application of the injection-moulded products

in our everyday lives.
KEYWORDS: PLASTIC
TECHNOLOGY.

1. Introduction

The injection molding industry is always changing as new
technology, materials, and techniques are introduced. There are a
number of new changing technologies that are reshaping injection
moulding as a whole. While some of these technologies may still be
unproven long due to the fact that they are new and unproven they
all have the potential to become standardas operating procedures in
the future. In modern world, daily, a lot of companies and users
communicate and exchange generally accessible and confidential
information via the Internet [7].

Injection moulding is one of the chief processes for producing
plastic items. It is a fast process that can deliver a large numbers of
identical items - from high precision engineering components to
small disposable consumer goods.

The use of this process has enabled the extension of boundaries
of design in plastics, and also helped in the substitution of
conventional materials, thereby reducing the weight of the end
product and providing immense design freedom.

Here are a few plastic injection molding industry trends to keep
an eye on:

2. Exposure

2.1.Companies involved in injection moulding

Ferromatik Milacron GmbH, Malterdingen, Germany develops,
manufactures, and sells injection molding machines. The latest
creation is the modular F-Series, which can be configured as an all-
electric, hydraulic, or hybrid machine. The company is a part of the
American Milacron group;

KraussMaffei is one of the world's leading manufacturers of
injection moulding machinery. The injection moulding machine
ranges provided by the German company are AX series, CX series,
CX-ClassiX, EX series, GX series, MX series, and C3 series;

Sumitomo (SHI) Demag Plastics Machinery GmbH,
Schwaig/Germany, is a Japanese-German company dealing with the
manufacturing of injection moulding machines. They provide all-
electric, hydraulic and hybrid injection moulding machines with
clamping forces of between 180 and 20,000 kN;

German company, Arburg is one of the world’s leading
manufacturers of high-end injection moulding machines for plastics
processing. They cater to industries such as electronics, packaging,
automotive, medical/optical, and many others as well;

AIM Plastics caters to the wide range of sectors including
healthcare/medical, electrical / electronic, automotive/auto
aftermarket , commercial/consumer, aerospace/defense, and action
sports. They are located in Michigan, USA.

INJECTION MOULDING,INJECTION MOULDING
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INNOVATIONS, INJECTION MOULDING

SUSTAINABILITY

Protecting the environment has gone from an individual goal to
a big business mission. Companies that can show they use eco-
friendly practices and materials are likely to get business over those
that don’t. During 2018, the injection molding industry is expected
to move more towards environmental-friendly approaches. For
example, new equipment uses as much as 50% less power than
devices introduced less than ten years ago. The amount of scrap
plastic has been reduced or has been recycled, decreasing the
amount of waste.

Another eco-friendly option that is becoming more and more
popular is bio-plastics. This type of plastic is created from
biodegradable plants such as corn, soybeans, and flax. This
decreases the need to use fossil fuels and creates plastics that
without taking years to break down.

METAL TO PLASTIC CONVERSION

More manufacturers are considered changing metal parts and
products to plastic, leading to growth in the injection molding
industry. While the idea of metal to plastic conversion has been
around for quite some time, some companies have never considered
it as a viable solution. They often will have the idea that metal is
superior to plastic, but that’s not always the case thanks to new
materials and mixing processes. Today’s plastic can be stronger,
lighter in weight, and more flexible in design.

While some items may always need to be made from metal, the
excuse of “it’s always been made this way” is becoming less and
less of a reason to put off switching to plastic parts.

AUTOMATION

Many industries have begun moving towards automation. The
ability to bring in a machine that can work around the clock and
always perform repeatable actions is invaluable. The injection
molding industry is expected to greatly ramp up its deployment of
automated systems in 2018 now that the accuracy, speed, and
flexibility of these machines have increased. Additionally,
automation used to have a hefty price tag but with new
advancements, deploying an automation solution is now more
affordable than ever.

By allowing human employees to focus on tasks that require
creativity or personal touch, automated machines will let companies
better allocate their resources. The need for skilled employees is
still present; in fact, new employees will likely need to be hired to
help program and maintain these automated systems.

NEARSHORING

Nearshoring is the concept of outsourcing work to within the
United States. Outsourcing to companies in Asia is understood to
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help lower costs in production, materials, and labor, but it can have
many hidden costs. It also dramatically impacts the timetable,
potentially adding weeks to the schedule. Companies that require
fast turnaround simply can’t afford that.

Faster turnaround times also makes it easier to have a tighter
reign on production and quality. If a production run contains a
defect, the steps needed to fix the mistake are within reach and can
be caught early on. Nearshoring reduces the amount of time it takes
to receive the product while still letting companies take advantage
of lower costs.

DESIGN FOR MANUFACTURABILITY

The concept of design for manufacturability is another solution
that has been around for some time but is becoming increasingly
popular across the industry. Designing parts for manufacturability
includes:

o Material consideration;

o Gate location;

o Material shrinkage;

o Part rigidness;

o Draft.

Utilizing a successful DFM strategy makes it possible to reduce
the amount of time needed for testing and the number of overall
errors. By working closely with customers during this phase,
companies can improve their processing time and their relations
with clients as well as engineer out cost and potential failure modes.

PRECISION MOLDING

Precision molding is the current trend used to address
manufacturing challenges. It allows engineers to quickly address
production issues using advanced tools that can:

e Simulate mold flow;

* Monitor the injection process;

o Make changes to the process in real-time;

o Send alerts during a malfunction;

o Program machines to alarm when operation outside tolerances.
MOVING FORWARD

While some industry trends die off as quickly as they catch on,
many anticipate that concepts are here to stay. As outlined earlier,
advancements such as automation, nearshoring, and sustainability,
aren’t limited to the injection molding industry. They’re growing
trends seen in many areas and are expected to continue to grow.
Those that are more focused on injection molding, including
precision molding, design for manufacturing, and moving from
metal to plastic, are less popular pieces of technology and more
strong concepts that are likely to become the industry norm.

In need of an injection molding partner that understands trends
and is quick to adopt those that have proven themselves? New
Berlin Plastics makes use of today’s most effective injection
molding trends to provide customers with high quality, affordable
plastic parts. Contact us today to learn more about how we can help
you meet your needs.

2.2. Innovations in injection moulding technology

Multi-component injection moulding combines different
materials or dyes to produce high-quality plastic parts [1]. This
process improves the design and function of products, automatically
and cost effectively [1]. Multiple component injection technologies
- Under the spectrum of multiple component injection technologies
are the sandwich technologies. Sandwich technologies comprise co-
injection, mono-sandwich, gas injection technique (GIT) and water
injection technique (WIT)[2]. In the co-injection method, two melts
are injected into the machine’s cavity through one gate [3], one after
the other. In mono-sandwich method, two materials are injected
with one injection unit via one passage into the cavity. In GIT, the
gas used is mostly nitrogen, which is injected into the part to
replace the melt in the core and create a hollow space. GIT enables
production of parts with high wall-thicknesses and/or material
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accumulations. It provides increased strength and stiffness at lower
or equal part weight. It enables reduction of weight up to 50% [3]
and decreasing of the material costs. Likewise it enables reduction
of the cooling/cycle time up to 50%,[3] lowers clamp force and
machine costs. GIT enables less sink marks, parts with less
distortion, and improved part quality. In WIT, there are two
processes - the short-shot process and the full shot process. In the
short shot process, high speed shooting is required during the filling
process in a transparent tool. Many consider WIT to have relatively
more advantages than the GIT. WIT provides lesser cycle times,
smaller and constant wall thickness with less warpage, large part
diameters, and smoother inner surfaces. Additionally, water is
cheaper than gas and is incompressible.

Micro injection moulding - To produce very small components
using the injection moulding process requires maximum possible
accuracy and precision. The core of the processing of plastics of
minimal size is the micro injection unit. Sumitomo (SHI) Demage is
one such company that caters to the field of miniaturisation by
providing customized plastification systems for shot weights of 5 to
0.1 g. their micro injection unit can be integrated in any standard
machine for a clamping force up to 500 kN [4].In order for very
small components to be produced in the injection moulding process
maximum possible accuracy and precision are requiered. From the
material and machine to the mould, everything must be streamlined
to this objective. Especially in the field of miniaturisation, many
interesting developments are gaining ground [4]. Be it minimal
connectors for use in automobile engineering, ball bearing retainers
for use in nano-mechanics or micro pipettes in medical technology
or biotechnology [4].

Modern day injection moulding machines are controlled by a
built-in computer. The computer controls all the actions of the
machine based on sensor fed information, thereby ensuring
consistent output and shot to shot quality. Most of these machines
also imply sophisticated smart microcontrollers and sensors to
ensure high quality products.

Dual-Shot Injection Moulding.“Two-Shot’ injection moulding
or dual-shot injection moulding is a method to produce simple to
complex parts comprising two different polymers even with two
different colours during one machine cycle.

The ‘Two-Shot” mould consists of two separate cavities that are
used for making a single part. The first step in the process is to
create a substrate in the first cavity, which receives material from
one of the two injection units. The tool then opens to allow for a
180° rotation to a secondary position after the finished part is
removed from the second stage cavity [5]. As the tool closes, the
second step commences by positioning the previously molded
substrate into the second cavity. The second cavity receives the
material from the second injection unit completing a finished part,
this occurs simultaneously as the substrate for another part is being
molded.When the tool opens again, the finished part is ejected, and
another substrate is ready to receive its over-mold. Therefore, by
applying alternating rotary motion of the tool, this simultaneous
process enables continuous manufacturing operation.

The key benefits of the “Two-Shot’ injection moulding are as
follows:

o Soft touch features and multi-color on handles, grips, devices,
enclosures, and other components
¢ Back-lit buttons, dials and other instrumentation products
 Noise/vibration dampening and isolation
o Air/water seal
¢ Shock absorption and protection
e Movable segments or components such as living hinges and
spring type mechanisms
Precision injection molding.Precision injection molding
utilizes internal pressure sensors and state-of-the-art BDE and MDE
technology produces high quality models with our one or two-
component precision injection molded parts.
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3. Conclusion

In conclusion, this paper explored different innovations in injection
moulding technology. Innovations such as Multi-component
injection moulding, Micro injection moulding , Modern day
injection  moulding machines and Dual-Shot Injection
mouldingprocesesresultsinbetterquality detailsat a lowercost. With
the facilities having the expertisenecessary to produce
highlysophisticated systems and materials. The use of robotics for
production of high volume swith automation-friendlya ssemblies
drastically lowers the cost of manufactured products. These
innovation prove to be very helpful and are improving the quality
and cost of the injection moulding process which therefore attract
new investors.
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STEGANOGRAPHIC ALGORITHM READING THE DIFFERENCES BETWEEN THE PIXELS OF
COMPRESSED IMAGES
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Abstract: Steganography can be defined as a method of hiding data within a cover media so that other individuals fail to realize their
existence. Steganographic systems play a vital role in covertly transmission of information even in the presence of an arbiter. The difference
in the pixel values can be used for hiding the information. To enlarge the capacity of the hidden secret information and to provide an
imperceptible stego-image for human vision, a novel steganographic approach using five pixel pair differencing (FPPD) is proposed in this
paper. Experimental results shows that the proposed algorithm provides increased capacity of message hiding along with better quality of

stego images.

Keywords: STEGANOGRAPHY, DATA HIDING, HIDDEN CAPACITY, PVD, FPPD, PSNR

1. Bweeoenue.

bnarogapenue Ha OBp30TO pa3BUTHE Ha ChbBpPEMEHHATa
TEXHOJIOTHSI 3a KOMIIIOTPHM M KOMYHMKAalus, IpeaaBaHETO Ha
cpoOmieHus craBa Obp30 W ymoOHO. 3a Ja ce mpennasd TaifHaTa
nHpopManms oT Kpaxba IO BpeMe Ha IPEJaBaHETO, YBPEXKIaHE
WIH Jpyro CbOWTHE, WIMPOKO CE U3MOJI3BaT TEXHUKHTE Ha
creraorpadusra. CreraHorpadusTa peanusupa CKpUBaHEe Ha
nHdopManysi, Taka dYe Ja He ce 3abemi3Ba TO3M  (aKT.
Cho0OuieHneTo Moxe 1a Obje CKpUTO B M300paxenus [1], aymuo
¢aitnose wnm B Teker [2], [3]. T mopu e HauWH 3a NpegaBaHe Ha
uHbOpMaIMsd MEXIYy pasIMYHU TPYHNHPOBKHM C OIACHH 3a
HaIMOHAJHATA CUTYPHOCT uzew [8].

EnuH npocT 1 go0pe MO3HAT MOIXOJ € TUPEKTHOTO CKPHBaHE
Ha TaiiHa nH(bOpMaiwms B Hai-mmaxums 6ut (least-significant bit,
LSB) Ha BcekH THKCEd B M300pakeHHETO. AJTOPUTMUTE
M3IOJI3BAIM TO3H METOJ] OOMKHOBEHO JMPEKTHO BMBKBAT Mallka
JacT OT TaifHoTo choOmenne B LSB ma Bcexm mnmkcen Ha
H300paKEHUETO B MIPOCTPAHCTBEHATA 00TIACT.

2. O630p.

HannoHanHata CHIYpHOCT € BaKCH MPHOPUTET M 3aIUIaXUTe
CBBbp3aHH C OeKaHCKaTa BhJIHA MOTa Jla Ce MPHUIAAaT U C MOMOIITA
Ha TaiiHa KoMyHHUKaIulIpu MeTo/1a Ha pa3vKaTa B CTOMHOCTHTE Ha
MUKCEIIMTE Ce M3YKCISABA Pa3liMKaTa B CTOMHOCTUTE Ha MHUKCEIUTE
MEXK/Iy JBa MOCIEA0BATEIHN MUKCeNa. Pa3nukara B CTOWHOCTTA Ce
M3M0JI3Ba 32 CKPHBAHE HA TAWHOTO choOmieHue. Ts ce cpaBHsBA C
OuroBeTe Ha TAHHOTO CHOOIICHUE, KOUTO TPsiOBa JAa OBJAT CKPHUTH.
AKO Te ca HepaBHOMEpHH, TOTaBa J[BaTa IMOCIEIOBATEIIHN THKCEa
Ce peryjimpar JAUPEKTHO, Taka 4Ye TSIXHATa pa3iudHa CTOWHOCT Ja
MOJKE JIa CbOTBETCTBA HA TaHUTE JAHHM.

3HAYNTENHOTO H3KPHBSIBAHE HA CTETOH300PaKCHHETO MOXE JAa
ce ciayuu, korato mMeroasT (pixel value difference, PVD) perynupa
IBata IOCTeJOBAaTeNHH MHKCeNa, 3a Ja Ce CKpHe TaiHara
uHpOpMAIHA B CTOWHOCTTA Ha pa3inKaTa.

TIpu cpaBuenue ¢ LSB mMeTona Moxe J1a ce TBbPAH, Y€ MMOBEYE
JAHHU MOTar jia ObJarT CKPUTH upe3 u3rnoi3BaHe Ha PVD merona.
TlpreTn ca JBe XapaKTEPUCTHKH 3a OIEHKA Ha KPUEHETO OT
CTeFaHOFpa(I)CKI/lTe TEXHUKHU. H'praTa € KalmamuTeThT Ha CKpI/ITI/ITe
JaHHH, a OPYTHAT € He3abene)knMOCTTa Ha CTErOM300paKeHHETo,
HApUYaHO OLIC KayeCTBOTO Ha CTEroM300pakeHHEeTo. MeTonbT 3a
nudepeniupane Ha nukcenute (PVD), npennoxen or Wu u Tsai,
MOXe€ YCIIENIHO JIa OCHI'YPH, KaKTO BHCOKO HHBO Ha BrpaxkIaHe,
TaKa ¥ U3KII0YUTETHA He3a0eIeKUMOCT 3a CTEron300paKeHUSITA.
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B wmeroma PVD nBa mnocnenoBarenHu IO XOpPHU3OHTanara
MHKCeNla MOTaT Jia MPEACTaBIABAaT CaMO BEPTHKAIEH CTHJIO, KOUTO
MOX€ Jja MMa Pa3IndHH ITOCOKH. ToBa MOTHMBHpa jAa ce momobpu
MetoasT PVD, kato ce pasrienar W aHaJIM3UPAT CIIOCOOHOCTHTE B

(4], [5].

Ipu metona (tri pixel value difference, TPVD) nannute mMorar
Ia ObIAaT CKPUTH BbB BEPTHKAIHH M JHATOHAIHH CTBIOOBE OT
MUKCENH, 3a€JHO C XOPU3OHTAIHWTE TakuBa. Llenmar wmerox e
omucaH kakto ciensa B [4] u [7]. Pasnens ce u3o0pakeHHETO Ha
O6mokoBe OT 2x2 mnukcena. IIpomsiHaTa Ha CTOHHOCTHTE Ha
NHKCENNTe 3a HYeTBbPTATa MHMKCENHA IBOWKA 3acsira IbpBaTra W
BTOpaTa IBOMKH, UeTBBpTaTa JABOMKa e Oe3moie3Ha M TpsOBa aa
O6bae mpemaxnara. CliemoBaTenHO caMO TPH [BOWKM MoOraT 1a
ObIaT M3MIOJI3BAHH 33 BIPAKIAHE HA TAWHUTE TAHHH.

Beekn 2x2 6nmok BKmouBa ueTupu mukcena ot Py v, Pyaa y),
Py+1) U Pa1, y+1), KBAETO X M Y ca MECTONONOKEHHETO Ha
CHOTBETHHSI MUKCET B U300paXKEHUETO. AKO IPUEMEM, Y€ MHUKCEI
Py © HavajgHa TOYKa, TPHTE NBOWKH IHKCETH MOTaT JAa ObIaT
oOpasyBanu upe3 rpynupane Ha Py ). Te3su Tpum nBoiikm ce
obosnauasar ¢ Py, P; u P,, kpaero crotBetHO Py =(Pyy y), P+ 1, y))s
P1=(Pg.y), Pixy+ 1) 1 P2= (P y), Pixssy+a)-

3a BCsKka JBOiiKa ce MOjiy4aBa CTOMHOCT Ha pasnukarta d;.
biokbT ¢ Manka croifHocT Ha d; ce HaMupa B paBHOMEpHa obJacr,
JI0Kato GJIOK C roiisiMa CTOMHOCT Ha d; ce pasriiex/a Karto OJoK ¢
psi3ko pasznuume. Croper CBOMHCTBaTa Ha YOBCHIKOTO 3PEHUE, OUNTE
MOraT Ja TOHACST II0BeYe IPOMEHH B PSA3KO pa3iHvaBailus Ce
GJI0K, OTKOJIKOTO B PABHOMEPHHSI OJIOK.

Koraro ce wu3mon3Ba TO3W METOJ 3a BrpaxkgaHe Ha TaiiHa
uH(OpMaIHs, CTONHOCTHTE Ha JBaTa IIUKCEIa BbB BCAKA IBOMKA Ce
MPOMEHST U Ce M3YMCIIABA HOBATa CTOMHOCT Ha pas3jinKaTa 3a BCSKa
nsoiika d;, karo 3a i = 0,1,2 [4]. HoBuTe CTOWHOCTH Ha MHUKCEIUTE
BbB BCSIKa JIBOMKa ca pa3iMyHU OT OpuruHamHuTE. ToBa O3HayaBa,
4e Ie ce MOJydYaBaT TPU PasIMYHM CTOWHOCTH 33 IMbPBOHAYAITHUS
nukcen Py ), P(;, P1’, Pé, KOUTO ChOTBETCTBAT Ha Py, Py 1 P,.

Bbrpeku ToBa, caMo efiHa CTOWHOCT 3a ITbPBOHAYATHHS TTHKCEI
P« y) MOXe J1a ChIECTBYBA CIIe]l IPUKIIIOYBAHE HA TIPOLETYPUTE 32
Brpaxaane. CiemoBarenHo, enHa ot P; nBoiikurte e n30paHa KaTo
OTMpaBHA TOYKA 3a KOMIICHCHpPAHE Ha IPYTUTE [[BE CTOWHOCTH Ha
nukcena. ToBa o3Ha4yaBa, ye [BE NMHUKCEIHH CTOMHOCTH OT €AHA
JIBOMKa Ce M3IO0J3BaT 3a PerylMpaHe Ha APYTUTe ABE IBOWKH 3a
u3rpaxaane Ha HOB 2x2 Oinok. Brpanenara taitna undopmarms He
ce MPOMEHS, Thil KaTo CTOHHOCTUTE HA pas3iMKara 3a TPU JBOWKH
HHKCENH ca HenpoMererH [4], [7].
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B [7] e mpemnokena creranorpacka cucTeMa 3a CHIYpPHOCT Ha
U300paKEHUETO, W3IMON3BAaHKH yBEJIMYaBAHE Ha CKOPOCTTa Ha
Brpaxkiane. CucreMara MHUIMAIN3UPA HAKOU APaMETPH, KOUTO Ce
M3M0J3BAT 3a IMocieqBania o0paboTka Ha JaHHM M 00NacT, ciel
KOEeTO M3YHCIABA KamaluTeTa Ha Te3W H30paHW oOmacTH. AKO
o0JlacTUTE ca JTOCTaTHYHO TOJIEMH, 32 Jla CKpUETe JaJeHO TaiHO
ChOOIIeHNe, TOTaBa CKPUBAHETO MY C€ M3BBpIIBA B H30paHUTE
obmactu. U Hakpas, ce mpaBH IocienBama oOpaboTKa, 3a Ja ce
MOJIY4d CTErOoM300pakeHHeTo. B mpoTuBeH ciyyaii cxemara TpsOBa
Ia mpepaboTH MapaMeTpuTe M cjel TOBa Ja MOBTOPH M300pa Ha
oblacT M OIEHKa Ha KaIaluTeTa, JOKAaTO ChOOLIEHHETO He ce
Brpajyl HambJIHO. [IpM W3BIMYaHE Ha JaHHM CXeMara IbPBO
U3BJIMYA CTpaHM4YHAaTa MHGOPMALMA OT CTEron3o0paxeHneTo. Bb3
OCHOBa Ha CTpaHMYHATa WHQOpPMAIMS, Ce NPaBH IpeIBapHTEIHA
oOpaboTka W HAEHTU(HIMpaHEe Ha OOJACTHTE, KOUTO ca Owmnn
HM3NON3BAaHM 3a CKpWBaHe Ha JaHHU. M Hakpas, ce moiydasa
TalfHOTO CHOOIIEHNE CIIOPE]] ChOTBETHUS AITOPUTHM 3a H3BIMYAHE.
AOGcomoTHaTa pa3lUKa MEXIy JABa CBhCEIHH IHUKCEIa € KaTo
KpuTepuil 3a u3zbop Ha obiact m LSBMR karo amropursm 3a
CKpHMBaHE Ha JaHHH. TEKyIIOTO ChCTOSHUE U KIIOUYOBHUTE BBIIPOCH,
CBBP3aHH C PA3IMYHHU CTEraHOTpad)CKM TEXHHUKH 3a H300paKeHHUE B
cHBaTa CKaJla/mpoCcTpaHCTBeHaTa 06JiacT, ca omucaHu B [6].

3. Ilpeonoycenama cucmema - Mmemoo nem
nukcennu o0eoiiku (Five Pixel Pair Differencing,
FPPD)

Bb3 ocnoBa Ha merona TPVD e mpemnoxen meron FPPD 3a
yBeIMYaBaHE Ha KalaluTeTa Ha CKpHBaHE Ha HMHGpOpPManus H
HOATBPXKAHE Ha CXOJACTBOTO B IPUKPUBAIIO H300paKEHHETO M
CTeron300paXKeHUETO.

ToBa ce ochbmiecTBIBa 4Ype3 pasfeiissHE HA HPUKPUBAIIOTO
n3o0paxkeHue Ha 3x2 OJioka OT MHKCEeNW, Karo TpsOBa jaa ce
0TOENeXkKH, Ye TO € CHBO. [IpemIoskeHo e meT JBOHKM MHUKCeNIH 1a
ObIaT M3MOJI3BAaHHU 32 BrpakJaHe Ha TaiHaTa nHbopMmarms. IIpenu
BBBEK/IAHETO Ha TPEIOKEHHS aIrOPUTBM € HeoO0XoauMa
npenBapuTenHa o0pa0oOTka, 3a Ja ce pas3fend NPHKPUBALIO0
N300paKEHNETO Ha HUBOTO HAa CHBOTO B OpUTHHAaNA M Ja € 3x2
610Ka ¢ 6 muKcena, KakTo € rmokaszaHo Ha ¢urypa 1.

PX0 PX1 PX2
) Pis1,y) Pixs2,y)
PX3 PX4 PX5

I:)(x,y+l) I:)(x+l,y+1) I:)(x+2, y+1)

@ue. 1. brok om nuxcenu

Kaxro e noka3sano Ha ¢urypa 1, Bcexu 3x2 00K BKIIOYBA LIECT
mukeena Py Poersyy Porzyy Piy+1) Poerty+1) B Pray+1), KbIETO X
M Y ca MECTONOJIOKEHHETO Ha MHKcela B n3o0pakeHuero. Heka
P(xy) € HaJagHaTa TOYKa, CIe] KOETO MeT MUKCETHHU JBOWKM MOTat
Ja c¢ 06pa3yBaT KaTo POZ(P(x,y), P(X+1yy)), Pl:(P(x,y)l P(x+2’y)),
P2=(Pixy) Pexy+)r Pa=(Pxy) Picrryrn) 1 Pa=(Pixy), Piersy+2)-

Koraro ce usnonssa npemioxxenust FPPD meton 3a Brpaxxaane
Ha TaI/IHa HHpOpMAIHs, BCSIKA JTBOWKA IHKCENU Ce MouduIIpa
KaTo (P ) ¥ ce U3YMCIIBA HOBA CTOHHOCT d 3a i=0,1,2,3,4, kb1ero
dl Bapupa ot 0 10 255. 3aTroBa e MpoeKTHUpaHa JHaa30HHa TadIHIa
R, ¢ n cecemun oO0xBaTa ¥ Auana3oHsT Ha Tadmuure € ot 0 mo 255.

HoBute croliHOCTM Ha NHKCENHTe BBB BCSIKAa IBOMKA ca
pas3jin4yHu OT OPUTMHAJIHHUTE WM. Toa O3Ha4yaBa, 4€ ICT pasjIMYHU
CTOMHOCTHU Ca TOJIyuY€HH, 3 UMEHHO P(;, Pll, PZI, P3' 51 PAL, CBOTBETHO
ot Pg, Py, Py, P3, u P,. Enun ot PL-', ¢ n30paH KaTto OTIpaBHA TOYKA
32 KOMIIEHCUPAaHE Ha ApPYruTe CTOMHOCTM Ha mukcenure. Tosa
O3HayaBa, Y€ J[BE IUKCEIHM CTOMHOCTM OT €IHa [BOHKa ce
M3II0JI3BAT 32 peryjlupaHe Ha APYruTe IBOWKU U U3rPaK[aHE HA HOB
3x2 GIIoK.
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N36upaHeTo Ha pa3anyHE pPeGEepeHTHH TOYKH BOAH 1O
pa3sHOOOpa3sHO  W3KpUBSBaHE Ha crerom3obOpaxenuero. Jla
NPEINONIOKUM, Ye mi=d£- di, xpaeTo d;n d; ca croiiHOCTHTE Ha
pasiuKata B MHKCEIHATa IBOMKA | HPEAH WM CIEA BrpakKIaHEeTo.
Jlpoiikata MMa MHHHMYM |M| W ce H3MON3Ba Karo pedepeHTHa
JIBOMKa.

HOZ[pO6HOCTI/ITe 3a CTBIKHUTEC Ha CKpUBAaHE Ha JaHHU Ca
OITMCaHU KaKTO CJICBaA.

1. Wsuucnere pasnuuuara diy, y) 3a IeTTe JBOHKH MHKCENH
BBB BCCKH OJIOK, 33]IaJICH OT:

dowy) = Pexry) — Pexy)
dixy) = P2y = Py

daixy) = Pxyst) — Pexy)
axy) = Paxrryer) — Pexy)
daxy) = Pxs2iysn) = Pexy)

Wsnomsga ce |dj, y)| xpaero i=0,1,2,3,4, 3a 1a ce Hamepu
MOIXOIAII TUana3od Ry B mpoekTHpaHaTa TabiuIa ¢

JquanasoHu. J{uanasoHuTe B TaONULUTE CE TIPUEMAT KATO
((0,3), (4,7), (8,15), (16,31), (32,63), (64,127, (128,255))

WzuncnsBa ce KOMMYECTBOTO HAa CEKPETHUTE OuTOBE t;,
KOUTO MOTaT Jia ObJIaT BrpajcHH BHB BCSAKA JBOWKA, KATO
Ce WU3IO0JN3BAa CHOTBETHHMS JAHMANa3oH, MHaieH OT Rj
CroiiHocTTa t; MOXKe Ja ObJe OLCHEHa OT LIMPHUHATA Wi
Ha Rjy, KoaTO ce momydaBa kato tj = | log,w iy | kpaero
mupuHata Wix = Ui-li + 1 u u; u |j ca ropuu n nomxu
rpanuny Ha obxBara R;. 3a Besiko d; (om dy-d,) nparst ce
u3uKcnsBa kato T; = U; - li-1. 3a Brpaxkaade Ha Gura ce
NpHJIarar CiieIHUTE mpasuia [6].

Axo 3a d-T; 1 Ri=1 He ce U3MCKBa MPUIIOKPHUBAHE, HO
b tps6bBa ma 6bae B amamazoma [0,d-1], Taka ue
rojeMHHaTa Ha HOBara pasnuka e mo-manka ot d.
W3bupar ce MakcumaneH Opoil TaiiHM OWTOBE, Taka e
b<di-l;, xpaero b e necernuna croiinoct. HoBaTa pasnuka
d; e I+b [6]. Ako di<T;, b TpsiGBa na Gbae B auanasoHa
[0,Ui1...- li.], Makcumanen Gpoit Taiinu Gurose h<d-l;
Ako b<d;- |;, HoBara paznuka 3a d; e li1+b [6].

IMpouwrar ce t; GUTOBETE OT ABOMYHKUTE TAWHM JAHHU U CE
TpaHcopMupar B OWUTOBA  IOC/IEIOBATENIHOCT B
JIleceTHYHa CTOMHOCT bj.

M3uncnsaBa ce HOBa CTOMHOCT Ha pasimkKara dl (xy)
,_| +b|, aK0d|(X y) >0

di :'(li + bi), aKo di(x, y) <0,
KaTo C€ 3aMECTBA ITbpBOHAYaJIHA pa3jvKa di(x,y)-

TIpOMEHSIT Ce CTOMHOCTHTE Ha IHKCENUTE B P, Kato ce
H3M0J13Ba YPABHEHUETO (Pn,P,’l+1):(Pn-|m/2|,Pn+1+|m/2|),

kbaero P, u P,;1 ca nBara nukcena B faBoiikata P m m e
pasiukara mexay d; u d;. Tosa ce monyuasa or m=d,—d,;.

U3mnon3Ba ce ABOMKATa ¢ MHHUMYM |M| KaTo ONTHMaiHa
pedepeHTHa IBOIKA PL-' (xy)» TOTaBa Tasu u30paHa JBOMKa
ce M3MOJI3Ba 3a KOMIIGHCHpaHe Ha JApPYIHTe YETHPH
MUKCEIHNU OBOMKU. Taka ce M34YMCIISIBAaT HOBH CTOMHOCTH
3a BCHYKHUTE IIIECT MUKCea B OJIoKa.

[TpoBepsiBa ce fnanu BCUUKU CTOMHOCTH HA MUKCEIMUTE Ca
B muamna3zoHa ot 0 1o 255. AKO eIHa WIM IOBEYE HOBU
CTOMHOCTH Ha IHKCEJIUTE HE Ca B TO3M JUAIIA30H CE
KOPUTHPAT Taka, Y¢ CTOWHOCTHTE Ha IMUKCEIUTE a ObaaT
B nmuana3ona ot 0 1o 255. (*Ako He ¢ BE3MOXKHO Jia ce
KOPUTHPAT CTOMHOCTUTE Ha NMUKCEIUTE MO TO3M HAuHH,
TOraBa NPHKPUBALIOTO M300paKCHHE HE € yIayHO Ja ce
M3I0J13Ba 3a BrpakaaHe HA TallHUTE JaHHH).
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9. CnexBama CThIIKa € Jla Ce KOHCTPyHpa HOBHAT OJIOK OT
BCHYKHU IBOMKH IHUKCENU C IPOMEHEHH CTOMHOCTH.

10. TloBrapsT ce cTbhmkd OT 1 g0 9, MOKaTo CHOOLICHHETO
CTaHe MOAXOJIIIO 32 IPUKPUBAIIIOTO H30OPAKEHHE.

CieqHUAT arOpUTHM ONUCBA KaK Ja ce U3BJede BrpajiceHaTa
nH}pOPMAIHS OT CTErOM300paKECHUETO:

1. Crerom3o0pakeHHETO ce pasfeliss Ha 3X2 MHKCEITHH
6JI0Ka, KaTo pela Ha pa3zielsiHe € ChIIUAT KaTo B €Tara Ha
BrpaxKIaHe.

2. M3uucnsBaT ce CTOWHOCTTA Ha pa3IMyHsiTa MOOTACITHO 33
BCEKH OJIOK B CTETON300payKEHHETO upes:

do xy= Peeriy) = Py

dy = Poxs2y) = P xy)

d2 xy= Py = Pixy)
d3 ey Pxrtyrt) — Poxy)
da ey Pxr2yrt) ~ Poy)

3. MHsnomssa ce |d;(x, | kpaero i=0,1,2,3,4, 3a 1a ce Hamepu
noaxosu Ry B 1aHupaHara Tabauna ¢ obiacTy.

4.  V3umcisiBa ce KOJNMYECTBOTO Ha TailHMTE OUTOBE, KOUTO
Morar ia ObIaT BrpajicHd BbB BCsKa JBOiika. 3a Besko d
(ot do-d4), mparer ce m3umcnsBa karo Ti=Ui-li-1. Ako
|d;(x,y)|<Ti,, cleBa Ja Ce HAaMalld KOJIMYECTBOTO Ha
TaiinuTe OutoBe tj Ha 1.

5. Cuen xaro Ry ce Hamepy, lj ce m3Baxaa ot m3bpanms
|d; oyl B b, Ce I0JIy4aBa, ako CTErOM300paKCHUETO HE €
MIPOMEHEHO, b e paBHoO Ha b;. Hakpas, b ce MpeBpblia OT
JECEeTHYIHA CTOMHOCT B JBOMYHA MOCIEIOBATEIHOCT C {j
ourose, kbaeto t=|log,w;|. To3u t; OUTOB MOTOK € camo
eJHA YacT OT CeKPEeTHUTE JAHHH MPEIHN BrPaKIaHeTo.

6. TloBrapsaTt ce crpmkd OT 1 A0 5, IOKAaTO CHOOUICHHETO
ObJIc U3BJICYEHO OT CTErOM300paKEHHUETO.

CohliecTBYBaT pa3iMyHH MOJEIH C [OMOLITA, HA KOHUTO Ce
(opMHUpaT IUIOCTHU PEIICHUS] U MOJIENH, Taka Ha npumep B [9] ce
Ha0JIIo1aBa eIuH 3aIbJI00YEH aHAM3 HA MOJEINUTE 3a (hopMHUpaHe
Ha 6a3ucHu QyHKIMN.

4, Pesyﬂmamu om U3NBJIHEeHUemo.

Cpasneno ¢ meroga TPVD B pasrienanus meron ce hpopmupar
MoBeve JIBOMKY MUKcesd. ToBa yBennyaBa KanaluTeTa 3a CKpUBaHe
Ha uH(popManmsaTa. B To3u anroputreMm ce m3bsarBa Aedopmanuu B
KauecTBOTO Ha CTErOM300paKEHHETO.

Ay

g
:
§

IMpukpuBaio n3obpaxenue CreronzobpaxkeHue
@ue.2. [lpuxpusawo u cmezo uzobpaicenust 3a LENA.tiff

IMpukpuBaio nzobdpaxenue CTeromoﬁpameHne

@ue.3. [Ipuxpusauomo u cmezouzobpadicenus 3a BABOON.TIFF

OcHoBHaTta My LieJl € Jla ce HampaBH CTEroM300pa)KeHUsTa
CETHBHO CXOJHH C OPUTMHAIHOTO, JOKOJKOTO € BB3MOXKHO, KaTo
3a€IHO C TOBA CE YBENH M KOJMYECTBOTO 3a CKPUBAHWUTE HA JaHHU.
Ha ¢urypa 2 u 3 ce moka3zBa NPHUKPHUBALIOTO H300pakeHHE U
CTeron300pakeHUsATa, KOUTO BUAUMO HE CE Pa3IM4aBaT.

“

IpukpuBamio u3oopakeHne Crerouzobpaxenue
@uz.4. Xucmoepama 3a LENA.tiff

IIpukpuBamo u3o0paxeHue Creronzo0paxeHue
@uz.5. Xucmoepama 3a BABOON _tiff

Ourypu 4 U 5 mpencTaBAT XHCTOTPaMHTE Ha MPHUKPUBALIOTO
H300paKeHnEe W CTEron300paKeHHeTo, CHOTBETHO 3a lena.tiff u
baboon.tiff. 'aycoBara ¢opma Ha xXmcTorpamara ce 3ama3Ba B
CTErON300paKCHUATA.

Taoauya 1: Teoeemulmo cpasnenuue
TPVD FPPD

Pasmep Ha Onoka

He e Bp3MOKHO
OJoKupaHe

Hsama nBoMKY MUKCETH

IIpennonaraem
MUHUMAJIEH Opoii
OUTOBE JIBOMKH

MuHuManes 6poi

98304 147456 108800 | 163200

BrpaJieHu OMTOBE

Tabnuua 1 mokasBa TEOPETHYHOTO CPABHEHHE HA MPHKPUBAIIHS
kamanurer Mexnay merona TPVD m FPPD. 3a cpaBrenmero ce
mpueMa, ue pasJeluTeNHaTa CIIOCOOHOCT Ha MPHKPHUBAIIOTO
n3o0paXkeHue B cuBaTa ckajia e 256x256.

HaGmiomaBa ce, 4e mo-roisM Opoil ABOWKM MHKCETH ca
¢dopmupanu B FPPD metona. Ako ce mpueMe, 4e MbpBHUAT JUATIa30H
e (0,3) B tabnmuuara ¢ quanasoHu R;, MHHEMyM 2 OHTa ca CKPHTH
BBB BCsKa ABOWKa. [To momoGeH Ha4uMH, ako IIBPBHAT JWANa30H €
(0,7), muanMyM 3 OWTa ca CKPHTH BBB BCsSKa JBOWKa. ToBa
OCHUTypsiBa IO-TOJIIM Karnanurer 3a ckpusane B FPPD merona.
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3a eKCrepUMEHTHUTE € M3I0JI3BaH TeKCToB (daiin ¢ pasmep 13Kb
(13227 6aiita). To3u TekcToB (ailn ce H3MON3Ba KAaTO TAaHHO
cpoOuieHne, KoeTo TpsAbBa Ja ce CKpUe B IPUKPUBAILIOTO
N300paXEHUETO, KOETO € B CHBA CKaJla.

Tabnua 2 mokaszBa croitnoctute Ha PSNR (Peak signal-to-
noise ratio) 3a pasnmmunure wu300paxeHus. PSNR wu3umcisiBa
MMIKOBOTO CHOTHONICHHE CHTHAJ/IIYM MEXAY IBETE CpaBHSIBAaHH
n3o0pakeHus. ToBa CHOTHONIEHHE 4YECTO Ce U3IOJI3Ba KAaTo
Ka4eCTBEHO WH3MEpBaHE Ha PA3UKUTE MEXIy OPUTUHAIHOTO H
creron3o0paxenuero. Komkoro no-sucoko ¢ PSNR, tonkosa mo-
J00po € KavecTBOTO Ha peKOHCTpyupaHust o6pas. Hampumep, npu
JafieHO M300pakeHUE B CHBO, 32 Ja CE CKPHMAT TalHWUTE NaHHH, €
TPyOHO 3a BCEKH YOBEK Ja BB3IPHEME pa3UKaTa MEXIy
MIPUKPUBAIIOTO HM300paKEHUETO W  CTErOM300paXKeHHETO, aKo
croiiHoctta Ha PNSR Ha crerom3o0paxeHHETO HAIXBBPIISL

36dB [6].
Tabnuua 2. Cmotinocmu na PSNR

PSNR
C2)

Kanamurer

(Kb)

IIpukpusamio Pe3omonus

U300paKeHNe

512x 512
512x 512

53.66
73.37

50.049
43.1635

0.6429
3.1386

Elaine

Baboon

Lena 512x 512 53.63 51.0834 0.5067
Tank 512x 512 52.73 50.7922 0.5418
Man 1024 x 1024 222.42 56.1129 0.1591

Pesynrature MOKa3Bar, 4e MPEIVIOKCHHAT IIOJXOJ MOXE [a
ocurypu o0elaBaiia MPOM3BOAUTENHOCT IPH OCHIypsBaHE Ha
JIOCTaThYCH KAIlalUTET 32 CKPUBAHE HA JaHHH B M300paKCHUATA U
NMOAIBPKAHE HAa  ©JHO KadeCTBO Ha  He3abeleKMMOCTTa
€THOBPEMECHHO.

5. 3aknrouenue

B Ttasm cratus ce npeasiara ajdropuThM 3a Brpak/JaHe Ha TalHH
JaHHA B HEMOJBW)XHH H300paKeHUs, W3IOJI3BaKM METOx 3a
mudepeHIpae Ha TeT nHuKcena. To3M alropuTeM HamassiBa
HM3KPHBSIBAHETO HA KA4eCTBOTO HA CTETOM300paK€HHETO, KOETO Ce
JOKa3Ba OT pe3yiaTaTHTe. B TOpHHUTE anropuTMM KaTo HadalleH
mkcen ce minmon3Ba PX0. BmecTto ToBa anropHTEMBT MOXKE Ja
0bIe MPOMEHEH, 3a J1a ce u3depe MpaBIITHO HaYa HUs HKcel. ToBa
1l TI03BOJIM Ja ce n30epe HAKOH OT IIEeCTTe NMUKCeNa, KOUTO 1ie ce
U3M0NI3BaT KaTO HavaleH MHUKCeNd, 3a Ja C€ OCHUTYpPH IO-MajKo
W3KpUBSIBAHE B  CTEroM300pa)XCHHETO ¥  yBENIWYaBaHE Ha
CHT'ypPHOCTTA.
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CTET'AHOI'PA®USA B CETMEHTUTE HA U3OBPA’KEHUE YPE3 TEHETUYEH
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STEGANOGRAPHY IN IMAGE SEGMENTS USING GENETIC ALGORITHM
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Abstract: This study offers a heuristic genetic algorithm based method for message hiding in a carrier image. This approach focuses on
the “before embedding hiding techniques” by trying to find appropriate places in carrier image to embed the message with the least changes
of bits. Due to it, segmentation is done in order to convert the LSBs and message strings to the sets of blocks for participation in genetic
algorithm. After finding the right places, secret message blocks are embedded and a key file is created to make the message extraction

available by providing the data addresses.

Keywords: DATA HIDING; GENETIC ALGORITHM (GA); SECURE COMMUNICATIO; STEGANOGRAPHY.

1. Bveeoenue

CurypHata KOMYHHKAIlUsl € €IHa OT Hai-peAM3BUKATECITHUTE
TEMH B AHEIIHHUA HUGPOB CBAT. TpyaHO € Ja ce HaMepH CUTYpeH
KaHaJ 32 KOMYHUKallUs Mpe3 LsUIoTo BpeMe. ViMa HSKOJIKO pamMKu
Ha UT, kouto mMorar aa ObJaT M3MOJI3BaHK 3a Ch3/1aBaHE HA MOJEN
Ha 3alaxa W [pujlaraHe Ha CTpaTerud 3a CMeKYaBaHe Ha
nocnequiure [8]. IMeHHO 3a TOBa ce MOSBABAT HAYKW M TEXHUKU

karo  kpumrtorpaduara  (mpeoOpasyBaHe Ha ~ OOHMKHOBEHA
uHpopMaIys B Hepasoupaemu cuMBoi [1]), Bogaute 3Hamm [2] u
cTeraHorpausTa.

Crera”Horpadusara € Hayka 3a KpHUEHETO Ha HHQpOpMauus B
naneH nudpoB HOCHTEN, Taka Ye HUKOH Jla He MoXe Jia pasbdepe 3a
ceiectByBanero i [3], [2]. Creranorpadusita e Haykata 3a
NpUKpUBaHE Ha CBHOOIIEHMs, Taka Ye caMO M3MPaladybT |
MONy4aTeNsT Ja 3HAsIT CHLIIECTBYBAaHETO W U3BIMYAHETO Ha
cpobienust [4], [7]. Tsa mMoxe ma ce M3MON3Ba C PAa3IUYHH THIIOBE
JUTHTATHA HOCUTENH, KaTO KOMIIOTHPHU (aiiioBe, N300pasKeHNs,
TporpaMu, TEeKCTOBE, MPEXH H JIpyrH Meroau. EnuH momynspen
METOA € Ja ce Brpaxna uHQopMamusaTra B HU300paKeHUs.
Wudopmarusita, KosITO Ime ObJE CKPUTA CE MO3HABa KAaTO CTErO
cbobienne. OOEKTHT, KOUTO IIe ChIbpKa CKpUTaTa MHpOpMAIHS,
€ To3HaT Karo mnpukpusany o0OekT. Ciex KaTo BEIHBX CTEro
CHOOILEHNETO € BrPaJicH0 B MPUKPUBAIINS OOEKT, MOIYyYECHUST
00EKT € U3BECTEH KaTO CTEero 00eKT.

B To3m moxnaz ce pasriexaa HOB METOA 3a CKpUBAHE HA JTAHHU
B 24-6uroBu RGB m306paxenus. ['enernuenunte anmropurmu (GA)
IIIe ce M3M0NI3Ba 32 OCHT'YPSIBAHETO HA CTET JaHHM CPEILy METOINTE
Ha creroaHanu3a ("creroaHamu3" o3HayaBa OTKPHBAaHE Ha CKPHUTHU
nanau B mexunte [9], [10], [11]). Hail-BaXHUSAT ChbIuecTBYBAIL
MeToJ 3a creraHanu3 e aHanu3bT Ha PC [12], koiito m3criensa
CTaTHCTUYECKUTE  XapaKTePUCTHKH Ha  H300paKCHHETO  3a
OTKpHBaHE Ha JaJeHo choOIeHne. CTaTUCTUUECKHUST aHAIU3 ThPCH
pa3nuIHUTE OJIOKOBE NMUKCENN B €IHO M300pakeHHe, KOUTO 1a He
CBBIAJAT C KOHTEKCTa, KaTo 10 TO3M HAUYMH MOXe Ja ce pazbepe 3a
CBHIIIECTBYBAHETO Ha CTEraHOTpagusL.

Creranorpadusra MOXe 1a ce H3BBPIIN B Pa3IHIHH (a3u, KaTo
HarpuMep MO0 BpeMe Ha W3MBJIHCHHETO WIM 4pe3 Mpe/BapHhTeliHa
obpabotka [13]. Ilporeca Ha BrpakgaHe NPH NPUIATAHETO Ha
creraHorpa)Cki TEXHHUKH C€ OCBIIECTBSABA B JBa €Tama, KOHUTO
BOJIAT /10 YBEIMYaBaHE HA YCTOWYMBOCTTA:

1. TexHuKU Npeau BrpaxkaaHe.

2. TexHuKkH cieq BrpaxJaHe.

IIppBuAT eranm OOMKHOBEHO BKIIOYBA HSAKOW JAEHHOCTH Karo
yBeIMYaBaHE HAa  CTATUCTHYECKaTa  HECHMETPHYHOCT  Ha
m3o0paxenuero. Hampumep, upe3 mobaBsHe Ha ULIyM KbM
MPUKPHUBAILOTO M300pakeHne Npeay BrpaxkaaHe, KOETo IIE A0BEe
pesynraty or RS ananm3a, KOMTO HAMA Ja MOraT jAa IOKaKar
UCTHHATA.

GA ce m3nomBa B ToisIMA CTENIEH 3a yBENMYaBaHE Ha
YCTOHYMBOCTTa Ha TallHHUTE CHOOIICHUS cpelly cTeraHaimmza [14]
BBB BTOpUs eTan. ToBa 03HawyaBa, e cile/l BrpaXAaHeTO Ha JaHHUTE
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B TOYHO ONpENEIEHHTE MecTa Ha H300paXKEHHETO, Ce H3II0N3BaT
HSKOM TEXHHKH 3a MPOMSHA HAa CTATHCTUYECKHUTE XapPaKTEPHCTUKU
Ha OJIOKOBETE OT MMKCENM, Taka 4¢ RS aHanmm3a ga He MOXe Oa
OTKpHE IaJCHO CHOOIICHHE.

MeroasT, NpeACTaBEH B TO3M HOKIAN ce (OKycHpa BBPXY
TEXHUKUTE TNpead BrpaxiaHe Ha wuHpopmarwms. Toi menu naa
HaMepH MOAXOJSIIN MecTa B IPUKPHBAIIOTO M300pakeHHe, KOUTO
J1a BOJIAT JI0 TI0-MaJIKO IIPOMEHH B OPUTHHAIHOTO n3o0paxenue. [1o
TO3M HAa4WH IPOMEHHUTE B I[BETOBATa XHCTOTPaMa Ca II0-MAJKO H
OTKPHMBAHETO HAa CBHIIECTBYBAHETO HAa CTETOTEKCT INE CTaHE IIOo-
TpyaHo. HamupaneTo Ha noaxosuiu MecTa € MpoLec, KOMTo Moxe
Jla ce peanusupa 4pe3 TeHeTHdeH anropurbM. CHcreMara H3ILLIO
BzeMa RGB 24-6uToBO 1BETOBO M300pakeHHE M  TaHHOTO
chOOIIeHNE KaTo BXOJ, KaTo JaBa MOTU(UIMPAHO H300pakeHHe,
KOETO ChIbpiKa BrpaZieHOTO TAHHOTO CHOOIICHHE B Hal-MIIAIIINTE
OMTOBE W KIIOUYOB HHM3 32 M3BJIMYAaHE Ha CBHOOLICHHE OT
MoOIU(pHUIIIPAHO H300paKEHNE KaTO U3XO/.

1.1 Pa3HOBHAHOCTH HA TEXHUKHTE 32 CKPUBaHe HA JaHHH

CopmiecTByBaT ABa BHAA TEXHHKH 3a CKpPHBAaHE Ha JaHHH,
M3MOJ3BAIIY M300paKEHHS: IPOCTPAHCTBEHAa W YECTOTHA OOJIACT.
ITepBaTa rpyna ce OCHOBaBa Ha BrpakIaHETO Ha ChOOIICHHE B Haii-
miaamms out (LSB) Ha nukcena Ha u3oOpakenueto. OCHOBHHUAT
LSB Merom uma mpocra peanusands W BHUCOK KamauureT [3].
Bbnpekn ToBa TOH MMa HUCKA YCTOWYMBOCT CIIPSIMO HSKOM aTakH,
KaTo GuITpupaHe H KOMIpECHpaHe C HHCKa YeCTOTa.
MopenupaHeTo € MOMEHT, KOWTO 0OCTONHO € mpeacTaseH B [6].

Bropata Tpyma BKIIOYBa CBHOONIEHHATA B  YECTOTHHTE
KoeUIIMEeHTH Ha W300pakeHUsTa. Te3m MeTonu Ha CKpHBaHE
npeofoisiBaT  mpobiema,  CBBpP3aH € yCTOMUMBOCTTa U
HEBB3MOXKHOCTTA J]a Ce OTKPHAT B MPOCTPAHCTBEHaTa oOnacT, 3a
KOWTO Ce Mpuiiara JUCKpeTHa BhiIHOBa Tpancdopmanus (Discrete
Wavelet Transformations DWT).

1.1.1 Creranorpadusi ¢ roisiM KamauuTeT, 0asupaHa Ha
reHeTH4eH aaroputbm u DWT.

Pelham Ghasemi et al. n3nomBat GA 6a3upaHa kapTorpadcka
(hyHKIUS 3a BrpakaaHe Ha NaHHU B koepunueHTd Ha DWT BBB 4*4
Oroka Ha JaJieHO MPUKPUBAIMIO H300paskeHnMeTo. ONTHMATHUAT
nporec Ha Hactpoiika Ha nmkcenutre (OPAP) ce npunara cien
BrpaxkaaHe Ha cboOmennero. OCHOBHATA MIes 33 MPUJIaraHeTo i e
Ja ce CBeAe 10 MHHUMYM TIpelIkata MeXIy MPUKPUBALIOTO H
creronzobpaxennero. Ciex ToBa ce M3MOJ3Ba YECTOTHATA 00NacT
3a momoOpsBaHe Ha cTa0WIHOCTTa Ha  cTeraHorpadwusra.
CrenBamara CThIKAa € Ja C€ IIOJMYYM ONTHMAlIHAa KapTorpadcka
¢yHKOMS 32 HamalIsBaHE Ha pa3NiMKaTa MEXJy OpUTHHama H
CTerom3o0pakeHneTo, Karo 10 TO3M HAYMH ce Iojgo0psBa
CHOCOOHOCTTAa 3a MNpHKpuBaHe Ha nedopmarmmute. Jlokaro
CIIOXHOCTTa HA M3YMCICHUSTA € BHCOKA, pE3yIATaTUTe OT
CHMyJaIMsATa 1O0Ka3BaT, Ye HOBaTa CXeMa HaJMHHaBa aJaNnTHBHATa
cTeranorpa)cka TexHuka, ocHoBaHa Ha DWT mo orHomeHue Ha
Peak Signal to Noise Ratio (PSNR) u kamauurer, croTBeTHO 39,94
dB u 50% [14].


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwiCvvD6tsPgAhVQTBoKHdswAWIQFjAAegQIABAB&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2Fbook%2F10.1002%2F9781118032404&usg=AOvVaw0b_xXwvFOjEkNGzdKQ3Vw5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwiCvvD6tsPgAhVQTBoKHdswAWIQFjAAegQIABAB&url=https%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2Fbook%2F10.1002%2F9781118032404&usg=AOvVaw0b_xXwvFOjEkNGzdKQ3Vw5
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1.1.2 TexHuka Ha BrpaxkIaHe Ha JaHHM 32 CHBOTO
H300pakeHHe ¢ OMOIITA Ha reHeTu4eH ajaropurbM (DEGGA).

B [5] ¢ mpencraBen amropurhM, Oasupan Ha GA HapeueH
DEGGA. ®okychT B TO3M METOA € BBPXY I'OJIMOTO KOJIUYECTBO
CKpUTH JaHHU, KAaTO PE3yATaTHTE Ce CPaBHABAT C APYT METOJ
npeioker ot Ran-Zan et al. B merona na Mawai, royism obem Ha
cpol1IeHne (M300paXkeHne) ce Brpaxkaa B IPOCTPAHCTBEHA obacT,
H3M0I3BaliKK 3x3 MacKy Ha H3XOTHOTO M300pakenue. Yernpu 6urta
Ha TAHOTO ChOOIICHHE (M300paKeHHe) ce Brpaxkaar 3a OalT Ha
U3XOJHOTO H300paKeHHWEe BBPXY Hal-gecHHS 4-OMTOB IHKCEIL
MyranusaTta ce mpuiara BbpXY BrpafieHOTo uzobOpaxenue. ChblIo
Taka ce Ipwiara MeTon 3a obOpaboTka Ha OuTOBeTe, 3a Ja ce
HoAIbpxkKa BUCOKa TouHOCT. [Ipu aexpunrtupanero cieasa obpaTeH
nponec. [ eHeTHYHUAT aJrOpUTHEM Ce M3II0JI3Ba 3a IIOBHIIABaHE Ha
HUBOTO Ha cUrypHOCT. MeTonbT nokassa, y¢ DEGGA e nocrursan
mo-100pu pesynrati no otHomeHne Ha PSNR. IlpemmoxeHust
METOJ] H3MOJI3BAa H300paKeHWs B CcHBaTa CKajla 3a CHTYPHO
npeaaBaHe Ha choOmeHHA. 3a TalHO ChoOLIeHHE € Hu30paHo
u300paXKeHHe 3a aBTEHTHYHOCT C pasMep M xN. Pa3MepsT Ha
TIPUKPHUBALIOTO H300paskeHue € P x (.

1.1.3 Mertoa 3a curypHa creraHorpagusi, OCHOBaH Ha
reHeTHY€eH AJIrOPUTHM.

3a Ja ce rapaHTHUpa CHTYpHOCTTa cpeiny aHamu3a Ha PC, Shen
Wang et al. npencraBiT HOB cTeraHOrpa)CKM METOJ, OCHOBAaH Ha
TeHETUYHMAT aropuThM. HsiMa monxon 3a BrpakaaHe Ha JaHHU B
MPUKpUBALIO  H300paKeHHe C  OpeiokeHus Merox. Ho
OCHTYPSIBAHETO HAa CTETOM300paXEHHETO Cce W3BBPIIBA Clie]
BrpakianeTo Ha nanHu. Criell BrpakIaHeTO Ha TallHO ChOOIICHHE B
LSB Ha mpuKpHBAIIOTO H300paXKeHue, MUKCETHUTE CTOMHOCTH Ha
cTerom3o0pakeHneTo ce  MoAuHUUUpAT Ype3  TICHETUYHHS
ITOPUTBM, 32 JIa CE 3ala3siT TEXHUTE CTATHCTUYECKU CTOHHOCTH.
CremoBaTeHO, HAJIMYMETO HAa TAHHOTO CBHOOIIECHHE TPYIHO IIe
O0baec oTkpuro OT aHanmu3za Ha PC. MexayBpeMEHHO MO-100po
BH3yallHO Ka4eCTBO MOXKE [a C€ IMOCTHTHE HYpe3 MPEIOKEHHS
AIrOpuThM.  EKCIEpUMEHTANHHTE  PEe3yiTaTd  JAEMOHCTPHPAT
e(eKTHBHOCTTA HA MpPEAJIaraHus ajJrOPUTHM IPH YCTOWYHUBOCT Ha
CTeraHaimsa ¢ 1mo-x100po BH3yalHO KauecTBo.

1.14. TlomoGpena aganTuBHa cTeHorpajpusa mna LSB,
ocHoBaHa Ha JPEG mn3o0paikeHne H reHeTHYeH AJIrOPUTHM

Lifang Yu et al. npencrassrt creranorpadceku meron B JPEG
N300paXKeHNs C BHCOKAa IMPOM3BOMUTENHOCT. [Ipe/aranusT MeTox
ce ¢beTor OT 2 yacTH. Ha mppBO MsCTO € mpencTaBeHa moaoopeHa
amantupana creHorpadus Ha LSB, kosT0 MOXKe Ia MOCTHTHE BUCOK
KalaluTeT TpH 3ara3BaHe Ha CTaTHCTHKATa OT MBPBHU pea. Bropo,
3a J1a ce CBeJie 10 MUHUMYM BH3YyaJTHOTO BJIOIIABaHE HAa KaYeCTBOTO
B CTErOM300paKEHUETO, Ce U3BBPIIBA pa30bpKBaHe HA OUTOBETE MO
pena Ha BOJEIIOTO CHOOLICHHE, YUUTO MapaMeTpH ce U30upar oT
TEHeTUYHHsI  adropuTeM.  llopagu  M3KIIOUUTENHATA  CH
YYBCTBUTEJIHOCT KbM HadalHHUTE YCIOBHS M PAa3NpPOCTPAHEHUETO B
IUTOTO TpocTpancTBo, GA ¢ OWi H3MOoJ3BaH 3a CKPUBAHE Ha
uHdopManMss M 3@ IOBHIIABAHE  HA  CUTYPHOCTTA.
EKcHepUMEHTAIHUTEe pe3y/ITaTH I[O0Ka3BaT, Ye TO3H METOJ
MPEBB3X0XK/IA KIACHYECKUTE CTEraHorpad)cKi METO/IH B KA4ECTBOTO
Ha M300paKEHHETO, KaTro 3ama3Ba  XapaKTePUCTHKUTE Ha
XUCTOrpamMara U OCUrypsiBa BUCOK KalmaluTeT.

1.2 IIpeanocTaBku 3a peajn3anus:

1.2.1 Haii-maJjixo 3uauumusr 6ut (LSB)

B mpemnoxkenust meron ce m3nom3sa LSB TexHuka, 3amoTo T4 €
IpocTa U MOXe Ja IIOMOTHE Jla ce Ipefiajie CMHUChIa Ha MeToja
¢BOOOIHO.

N3o0paskeHuero Moxke n1a ObJe MpeaCcTaBeHo OT TPyINa IBETHH
nukcend. OTIeTHNTE MUKCENU Ce MPEACTaBAT OT TEXHUTE ONTHYHU
XapaKTepPUCTUKH KaTo SPKOCT, LBETHOCT M T.H. Bcska oT Te3n
XapaKTepUCTUKH MOXe jia Obje n3paseHa B uudpos Bug ot 1™ u
0". Mma pa3nu4yHH LBETOBH NPOCTPAHCTBA, KOHMTO MPEACTABSIT
pa3muaHu (OPMHU 3a ChXpaHsABaHE Ha nM3o0pakeHusTa. [[BeToBOTO
MIPOCTPAHCTBO € METOJ, Ype3 KOHTO € Bb3MOXKHO J1a CE OIpeneiH,
cb3Jaje W Bu3yanusupa OBsT. Haif-uecTo cpemaHoTo IBETOBO
npocrpanctBo ¢ RGB. Bcekn muxcen ot 24-6uTOBO pacTepHO
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n300paxeHHe B TOBA MPOCTPAHCTBO € OMMCAH C 3 KOMIIOHEHTH OT
nmo 8 Oura (oOmo 3 OaiiTa), Taka 4ye BCEKH HAOOp ChIBpKA
croiiHocTTa Ha uHTeH3uTera Ha RGB. KomOunanmsra ot Te3u
cToitHOCTH (hOpMHUpa XapaKTepUCTHKUTE Ha MuKcena Ha ¢urypa 1
ce WIIOCTPUpa TO3U BBIIPOC.

l]T_

@uez. 1 [Tuxcen 6 RGB ysemoso npocmpancmeo

Komupanero na LSB e emHa oT Hali-paHHUTE TEXHHKH,
U3yYaBaHU B CKPHBAaHETO HAa MH(OpPMAIMA OT JUTHTATHATA MEOMS
(BKIIIOYMTENHO H300paXKeHUs, ayAuo W Jpyrd Tumose). Haii-
MPOCTUTE CTeraHOTPadCKW TEXHWKH Brpakgar OHTOBETE Ha
CHOOIIEHNETO NUPEKTHO B Hai-Milaqmust OUT Ha IPHKPHUBAIIOTO
u300pakeHHe B Ae(UHUpaHa IIOCIENOBATEIHOCT. MOyInpaHeTo
Ha Hal-Manamus OWT He BOAW IO BB3IPHEMaHEe OT YOBEKa, ThU
KaTo aMIUIMTYJaTa Ha NPOMsSHATa € Majka. 3a Ja ce CKpHUe TaiHO
cpbobmenne B u300paxkeHHE € HEOOXOAMMO  IMOAXOJSIIO
NPUKpPHUBAIIO HU300pakeHHe. THH KaTo TO3M METON W3MOI3Ba
OuTOBE Ha BCEKH IHKCEN B M300pak€HHETO, € HEOOXOAMMO J1a ce
n3Moa3Ba opMar 3a KoMmImpecupaHe 0e3 3ary0Ou, KaTo B MPOTHBEH
cirydail ckputata HHGopManus 1me ce 3ary0ou B TpaHCOpMaIuuTe
OT alropuThMa 3a Kommpecupane. Korato ce usnomnssa 24-6uToBo
[IBETHO WU300pajkeHHE, MOXE Ja Ce M3MOJ3Ba MAalKO OT BCEKH
OCHOBEH IIBSIT, TaKa Ye BB BCEKH IMHKCEN MOTaT Ja Ce ChXpaHsIBaT
ob6muio 3 6ura. Hanpumep, crnetHaTa NocIe10BaTeIHOCT MOXE Ja Ce
pasriexna kato 3 mmkcena oT 24-OMTOBO IBETHO H300pakeHHeE,
KaTo ce n3non3Ba 9 OaifTa mamer:

00100111
11001000

11001000
00100111

11101001
11101001

Koraro ce BMBbKHE 3HaK A, YHMATO JBOWYHA CTOIHOCT € paBHa
Ha 10000001, ce nomyuaBar cielHUTE pe3yITaTH:

00100110
11001000

11001000
00100111

11101000
11101001

B T031 ciywaii camo Tpu OuTa TpsOBa 1a ObAAT MPOMEHEHH, 32
Jia ce BMBKHE JaJieH 3Hak ycrenrHo. CpeHo caMo MOJNOBHHATA OT
OuTOBETE B M300paKEHHUETO Il TPAOBA 1a ObIaT MPOMECHEHH, 3a Ja
ce CKpHe TaliHO ChOOLIeHUe, H3MO0I3BANKNA MaKCUMAHHA pa3Mep Ha
HNPUKPHUBAIIOTO H300pakeHue. [[poMeHUTe B pe3ynrara, KOUTO ce
npaeiat B LSB ca TBbpae Manku, 3a Aa ObAaT pasmo3HaTH OT
yoBemkara Bu3yamHa cucrtemMa (HVS), Taka ue cpobmenuero e
edeKTUBHO CKpUTO. B M3cienBaHeTo Moxe aa ce BUIM, Y€ Haid-
MIaAMUAT OUT HAa TPETHS LBST € OCTaHal Oe3 HUKaKBU POMEHH.

1.2.2 I'eHeTHYHH AJTOPUTMH

I'eneTnyHUAT AJIr'OPUTHM (S UTCpaTUBHA npoueﬂypa,
NOAAbpPIKAIlA IOMyJaluss OT CTPYKTYpH, KOMTO Ca KaHAWIAT-
peureHusi 3a cneuuduyHM Npean3BHKaTercTBa B obnactra. [lo
BpeMe Ha BCSKO BpPEMEBO HapacTBaHe (HApEueHO IOKOJICHHUE),
CprKTypl/ITe B TeKyHlaTa nonynaunﬂ C€ OILCHABAT 3a TiIAXHATaA
e(peKTHBHOCT KaTO JOMEIH pEelIeHnsI ¥ Bb3 OCHOBA HA TE€3U OL[CHKH
ce ¢opMupa HOBa MOMyIamds OT KAHAWAATCTBAIIN PELICHHUS,
W3MON3BAKA  CICHU(UIHM  TEHETHYHH  ONEpaTOpH  Karo
BB3NPOU3BEKIAHE, KPBCTOCBAHE W MYTALUS .

Te cpueTaBaT OLENABAHETO HAa HAN-CUIHHUTE Cpell HU30BUTE
CTPYKTYPH CBC CTPYKTYpHUpaH, HO paHIOMU3UpaH OOMEH Ha
undopmars, 3a Aa GOPMHUPAT AITOPUTHM 33 ThPCEHE C HIKOH OT
MHOBATHUBHHTE aCIEKTH HAa YOBELIKOTO Thpcerne[12].
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2. H360p na memoo.

IToBeueTo moaxoau MPOCTO BrpaXAaT AAJCHOTO CHOOIICHHE B
MPUKPUBANIOTO H300paxeHue. Clie1 TOBa Ce OMUTBAT Ja MPOMCHSAT
JIPYTUTE  CHhCEIHM MUKCENM TI0 HAYWH, KOWTO  CKpHUBa
MoupUIIpaHeTO Ha BrpaJeHUTE B MUKcena gJaHHU. Hsakou ot te3u
METOJU IPOMEHST ILSUIOCTHUTE XapaKTepPUCTUKU Ha oOpasa. JlokaTto
METOABT Ha TEHETHYEHHUs alrOpuThM C€ ONHTBAa Ja HaMepHu
MOJIXOSIIN MECTa B IPUKPHBAIIOTO H300paKEHUETO, TaKa 4e Te J1a
ce HYKHasT OT TO-MaJlKo TNpoMeHH. ToBa oO3Ha4aBa, dYe
H3IIONI3BAHETO HA METa-CBPHCTUYHM METOJM KAaTO TCHETHYHHTE
AITOPUTMH CE IPENOPHYBA 3a IIOCTUTAHE HA MO-TOJIIMAa CUTYPHOCT.

B mppBara cThika oT u3cienBaHeTo ca Heooxomumu LSBs Ha
MUKCENM Ha HW300pakeHueTo, Taka, ye LSBs TpsOBa nma Obumat
U3BJICYEHU U IIOCTABEHH B MAacUB BBB (opmar Ha Hu3 oT 07 m 1™,
TaitHOTO CcBOOIICHHE TpsiOBa na ce mnpeoOpasyBa B mog00€H
¢dopmar. BeBexxmanero Ha GA e JUCKpeTHa MOMyJalys OT T'€HH,
KOSITO HE € aJIanTHpaHa ¢ eKcTpaxupaHus HU3. CErMEHTHPAHETO ¢
pelIeHreTo Ha TO3H mpobiieM. Beekn Hu3 Moke na Oble paszencH
Ha O1oKkoBe OT Ly Outa. Cien cerMeHTHpaHeTo, OIOKOBETE OT
n300paKeHUATa NPaBAT IbpBOHaYayHaTa Homynamus Ha GA.
T'eHeTnyHUTE ANTOPUTMHU Ca AITOPUTMH 3a THPCEHE, Oa3MpaHd Ha
MeXaHHKaTa Ha eCTeCTBEHHsS Ipolec Ha celekuus (OmoiorndHa
esoutonns ). Ciieql NpUKIIOYBaHe HA U3MTBJIHEHUETO Ha GA B TeHUTE
Ha TOCJECOHOTO IOKOJECHHE IIE C€ TMOSBIT IMOAXOAALIN OJOKOBE,
HOCHTENIM 3a BrpakJaHe Ha JaHHH. Bpeme e ma ce moxuduimpar
OuTOBETE Ha NPHUKPHUBAIIOTO H300pakeHHWE ¢ TalHM OWTOBE Ha
TEKCTOBH CHOOIIEHHs. BrpaknaHero e ce OChIIECTBH MO HAYHH,
Yype3 KOWTO IIe Cce MNpOMEHIT Hu30BHTe OutoBe Ha LSB.
EnnoBpemMeHHO ¢ TOBa anpechT Ha OJOKa, B KOWTO ca 3amUCaHU
JAHHUTE C€ ChXPAaHABA B MAaCHB OT KIIt04oBe. KirousT € HeoOxoaum
32 U3BIMYAHE HA CHOOICHHUS.

W3pnnyaneTo Ha CHOOIIEHHS € MHOTO HO-JIECHO. 3a H3BIMYaHEe
Ha CeKpeTHoTo chobmieHne or LSB Ha creromsoOpaxeHuero,
TpsaOBa 1a OBIAT W3BICYCHHM M CErMEHTHpaHH 0 OJIOKOBE C
abmkuHa Ly (KaTto mpu ¢asara Ha Brpaxaane). AIpechT Ha
OJI0OKOBETE, KOMTO CBABPXKAT TAHHOTO CHOOLIEHHE CE 4YeTe OT
OCHOBHHSI (aill M JaHHUTE OT Te3U OJIOKOBE Ce W3BIMYAT U
CHXpaHsIBaT.

CTBIKHTE Ha pa3TIekKaaHISI METOJ Ca :

®Dasza na ezparncoane:

1. [onrores ce wsmoro uzobpaxenne ¢ LSB u TaiftHOTO
choO1IeHne kato MackBu ot 07" m 1™,

e  II3Bnmuane Ha nemu LSB Ha n300pakeHHETO Ha HOCHUTENS U

cbXxpaHeHuero uM B STR;;

KonBepTupaHe Ha TalHOTO CBHOOIIEHWE B JBOMYEH HHU3 U
CBXpaHsIBaHETO My B STR,;

2. Tpsioea nma ce cermentupar STR; u STR,, Ha OinoxoBe c
IboKAHA  Lpoek. BposT Ha OmokoBere 3a STR; u STR,, ca
N=nbxkuna Ha (STRI) / Lblock u Nm=nbmkuna (STRm) / Lblock;

3. TpsbBa na ce HampaBu NbpBOHAYANHA [OMYJalUs Ha
reHeruuHuss anropurbM upe3 STRI GmokoBe u crmem ToBa ce
n3nbaHsABa GA. ToBa M3IbIHEHHE HAa TEHETHYCH aJrOPUTBM € 110
MoNy4aBaHe Ha OKOHYATEIHO CBhCTOSHHE M MOsBSBaHE Ha
OTrOBOPHUTE;

4. 3ampKATeTHO TpsAOBa na ce mpeobpasyBaT OWTOBETE Ha
n3bpanute 6okoBe or STR, ¢ 610koBe o STR,, U 1a ce BMbKHE
azipeca Ha OJIOKa B MacUB OT KITIOUOBE;

5. Tlpunara ce STR; npoMeHH KbM KOMHUETO HA OPUTHHAIHOTO
H300payKeHWEe M e[Ba CJell TOBa CE ChXpaHsBa B OTIENeH (aii,
KaTo ce ChbXpaHIBA U MAaCHB OT KIIFOUOBE;

Eman na uzeénuuane:

1. W3Bmuuar ce LSB Ha crerom3oOpaxeHHETO U ce ChXpaHsIBaT B
STR|,

2. Cermentupat ce STR| Ha GiokoBe ¢ AbDKUHA Lo Bposr Ha
onokosere 3a STR| e Ny= mbiokuna ot (STR)) / Lyjock;
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3. IIpountat ce Ki04oBeTe OT (aiiia ¢ KII0I0Be;

4. 3a BCeKH azipec B KIIIOYOBETE CE MPABHU CICAHOTO: OOpbBIAHE KbM
azpeca Ha 0JIOKa, KbM KOMTO KIFOUOBUTE TOUYKH COYAT U CE 100aBAT
outoBeTe KbM MacuB STR.;

5. Konseptupar ce STRm B HOpManieH ¢opMmar Ha CHMBOJHTE U
Hakpas ce 3amasBar.

3. Ekcnepumenmannu pesyimamu.

Paborara Ha TeHeTHYHHS AITOPUTHM € HM3cienBaHa B Matlab
2012. 3a raiiHo cpoOOLIEHHE 3a BBBEXKIAHE HA aNrOPUTHMa Ce
3amaBa u3obpaxenue ¢ ¢popmar BMP B cuBaTa ckama u mppBata
CTpaHHLIa Ha TeKymara cTatui. IIbpBOHauamHUAT pa3Mep Ha
n3obpaxenunero e 1000 * 880. M36paHo e Lyp = 8 (Bxk. durypa
2).

6. U300pasicenuemo cned ezpaxcoane Ha MAlHO CvbobujeHue
Que. 2: Bepaoicoane na maiino cvodujenue 8 uzobpasicenue

Bmwxkna ce, 4e HsAMa CHLIECTBEHa NPOMsSHA BBB (opmara H
nenoctra Ha obpasza. Ha ¢urypa 3 e moka3ana Xxucrorpamara Ha
M300pKEHUETO HPEIHN U Clie]] BIPKAAHETO.

A. Xucmozpama na opueunanno uzobpasicenue

b. Xucmozepama na cmezousobpadicerue
Due 3: Xucmoepama na opueunanno(4) u cmezouzobpaoicenue(b)

P€3y.IITaTI/ITe co4ar, 4€ HAMa NpoMsIHa B XUCTOI'paMaTa Ha ABETE
I/I306pa)KeHI/I5I. ToBa O3Ha4aBa, 4€ MPEAJIOKECHUAT MECTOA € YCIICIICH
3a BrpaxKJaHe€ Ha JaHHU.

B. Xucrorpama Ha M300paKCHHUETO Clie]l BrpakJaHe Ha TaifHO
CHOOIIECHNE

ChILecTByBa TSCHA Bpb3Ka MEKAY Ib/DKMHATA HA OJIOKOBETE U
e(eKTUBHOCTTa Ha TO3M MeTOJ. MHOro rojsMara ABDKMHA Ha
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OJI0KOBETE (Lpjock=(MHOTO roJisiMa)), BOJHU 1o
no-mMajka epexkTHBHOCT. ChII0 Taka MHOT'O MAaJKOTO KOJHYECTBO
Lpock BOOM 10 HapacTBaHe Ha Opos HAa TEHUTE B TCHETHYHHS
AITOPUTBM ¥ yBEIMYaBa CIIOKHOCTTa Ha U3MBJIHECHHE Ha
mporpamata. durypa 4 mokazBa o0mara Bpb3Ka MEKIY
e(EeKTUBHOCT M Ly, KaTO € BaXHO € Ja ce OTOCIeKH, Ue
TPABUITHOTO Lypjock 32 pasniyHu N300pakeHUs 1Ie ObJIC pa3InIHO.

Efficiency =——»

Loooe i

QDue. 4: Bpvska na epexmusnocmma na memooa u Lyock

ColuecTByBa TACHA BpBh3Ka MEXIY JbJDKHHATA Ha OJIOKOBETE M
epexTuBHOCTTa Ha TO3u Metoa. Eff e u3Opanusat kpurepuii 3a
nu3MepBaHe Ha e()eKTHBHOCTTA HA METOJa, OCHOBAaH Ha IPOMCHHU B
MOIU(PHIMPAHOTO HU300pakeHHe, a HE Ha OPUTHHAIHOTO
n3obpaxenue. Eff = 1 o3navyaBa, ye HAMa MPOMSIHA B OPUTHHATHOTO
U300paKeHne Cliell BrpakaaHeto Ha cwhoOuenunero u Eff = 0
M0Ka3Ba, Ye OPUTHHATIHOTO U300payKeHHE € HAITBJIHO IIPOMEHEHO.

3a wsuncisBane Ha Eff Bxomsmmsr opuruHaizeH obpas e ¢
BHCOYMHA U HIMPOYUHA 32/1aICHA B ITUKCEIIH .

Crpykrypara Ha croiiHocTTa Ha Beeku mukcen e (0-255,0-255,
0-255). Taka MakcuManHaTa TPOMSHA HA BCEKH IHKCEN €
255+255+ 255=765.

CrnenoBaTenHO, NTOMEHHBT Ha TPOMEHHTE B CTOWHOCTHTE Ha

BCHYKH ITHKCEIH Ha M300pakeHNsATa ca CIICAHHUTE!
e NP = (BHCOYMHA U IUPOYHHA)

DoC (nP* 765) =

// Opoit muKcen

. // TOMeWH Ha IPOMEHUTE

Eff ce uzuncnasa xaro:

nP

Eff = ModifiedValue — Original Value /DoC
Pixel =1

5. 3aknrouenue

B To3u noxman e pasrienaH eBPUCTHYEH IOAXOJ, Oa3upaH Ha
GA 3a creraHorpadusta B IpUKpUBAILO U300paxkeHue. [IpoyueHu
ca TOCICOAHUTE TCHIACHUMW IPU H3IOJ3BAHETO Ha TI'CHCTUYHU
aNrOPUTMH U CE YCTAHOBH, Y€ MMa JIBa Pa3IMYHH BUJA TEXHUKH 32
CKpHBaHe Ha MH(MOpMaIms upe3 creraHorpadus: TEXHUKH Hpeau
BrPaXKIaHeTO M TEXHUKH CJeJl BIpaXJaHeTo Ha TaHO ChOOIIEHHe.
Pasrnenanusat Meton ce hoKycupa BbpXy IbPBHS THUII, KATO LENTA €
Jla ce HaMepAT MOAXO/SIIN MECTa B IaJICHOTO M300pPKEHUETO U Jia
ce Brpamu cwobOmienue upe3 LSB. lMmenno 3aroBa ce mpaBu
CerMeHTHpaHe, ¢ Len mnpeobpasyBaHe Ha LSB u HusoBere Ha
CbOOlIeHUsATA B TPYNU OT OJIOKOBE 3a Y4YacTHE B TE€HETHYCH
anroputsM. Cresl HAMHPAHETO HA NPABUIIHUTE MECTa, JaHHHUTE Ce
BrpaXKIaT M ce Ch3aBa KIouoB (aill, 3a 1a HaNpaBH W3BIMYaHETO
Ha CBOOIIEHHETO JOCTBIIHO upe3 NPENOCTaBsHE HA aJPECHTE 3a
JaHHH.

['eHeTHYHHUAT aNrOPUTBM CE€ W3IOJ3Ba 3a IIOBUINABAHE HA
HHMBOTO Ha cUrypHocT. MetoabT nokassa, ue¢ DEGGA e mocturnan
1no-100pu pesyaTatu no OTHOLIEHHE Ha PSNR.
ExcrniepMMeHTaIHUTE PE3yNTaTH OT TOBAa IPOy4YBaHE MOKa3BaT, 4e
TO3U METOJ Ipeulara e)eKTHBHOCT B Ta3u oOnacT. MUHUMAaIHUTE
IIPOMEHHM B H300paKEHUETO M XHCTOrpaMara ro IOTBbP)KAaBaT.
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CPABHUTEJIEH AHAJIN3 HA Bb3MOKHOCTUTE HA CTETAHOT'PA®CKHA
HNPUJIOKEHUA

COMPARATIVE ANALYSIS OF THE POTENTIAL OF STEGANOGRAPHY APPS
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Abstract: Steganography can be defined as a method of hiding data within a cover media so that other individuals fail to realize their
existence. Steganographic systems play a vital role in covertly transmission of information even in the presence of an arbiter. The article
deals with the steganography system which hides text inside images without losing of data (BMP, JPEG). The secret message is hidden in the
cover image using Last Significant Bit (LSB) method. Visual and statistical analysis of this algorithms returns good results.

Keywords: STEGANOGRAPHY, DATA HIDING, HIDDEN CAPACITY, PVD, FPPD, PSNR

1. Bveeoenue

KomyHnuxkamusara B CbBPEMEHHUSI CBSAT MEXIy KOMIIAHUUTE H
MOTpeOUTENNTEe ce Hy)XKIae OT eIUH MO-3aIMUTEH U CHUTYPeH OOMeH
Ha KoH(QuueHnwanHa wuHpopmanus upe3 Uurtepuer. Emun ot
HA4YMHUTE, Ype3 KOUTO CE pealli3upa TOBa, € CTeraHorpadusra.
ChIecTByBaT MHOTO oIlpeaeneHus 3a creraHorpadus [1], [2], [8],
[9], karo 06mIOTO B TAX €, Ye TS € HayKa, PH KOATO C MOMOIITa Ha
pa3sMYHM TEXHHYECKH CPEACTBA CE€ U3BHPIIBA CKPHBAaHE Ha
uHpOPMAIHs B TU(PPOBH HOCUTENH, U CE peau3upa MpeJaBaHeTo i
MEXAy ABE KOMYHHMKHpAIIW CH CTpaHH, T.e. T € HayKara 3a
CKpHBAHE Ha CaMOTO CHOOIIEHNE, a HE Ha HETOBOTO ChbPXKAHHE.

MeroasT Ha Haii-mmamms 6ur (least-significant bit, LSB) e
HpUMep 32 JUPEKTHOTO CKpUBAHE Ha TaiHa HH(OpPMaIHs BEB BCEKH
nuKcen Ha n3obpaxenuero [9]. AnropurMuTe H3MON3BALIMA TO3H
MeToJi OOMKHOBEHO IMPEKTHO BMBKBAaT Majika 4acT OT TaifHOTO
cpobmierne B LSB Ha Bcekm mmkcen Ha W300pakeHHETO B
TIPOCTPAHCTBEHATA 00JIACT.

2. O63o0p.

2.1. OcHOBHM KpPHTEPHH 32 OLIEHKA HA cTeraHorpagckure
aJrOPUTMH.

OCHOBHU KPUTEpPUH, IO KOUTO MOTrar jAa ObIaT OLEHEHU
cTeraHorpa)CKUTe METOIH U alTOPUTMH Ca:

e  HesabemexumMocT;
Pa3mep Ha ckpuBaHHTE JaHHWY,
e  YCTOWYMBOCT Ha CTEraHAJIM3;
e YCTONYHBOCT HAa MOTU(PHUKAITUH;
®aiinosu Gopmary.

2.2. OCHOBHH  XapaKTepUCTHKHU
CcTeraHorpaQ)cKu aJiropuThHM.

3a OL[CHKA Ha

Ilpu cpaBHEHHE Ha [BE H300paXEHHs Ce MPECMATAT YETHUPH
OCHOBHHM  CTAaTHCTHYECKH XapaKTEPUCTHKH, KOUTO  OIMCBAT
CTENeHTa Ha No1001e MeX Ty H300pakeHUsITa: CpeHa KBaApaTHIHA
rpemka MSE (Mean Squared Error), oTHomIeHHE Ha THKOBHS
curnan kpM myma PSNR (Peak Signal-to-Noise Ratio), nnzmekc 3a
U3MepBaHe Ha CTPYKTypHaTta TNpuinka B usobpaxkenue SSIM
(Structural Similarity Index for Measuring) u eHTpomusita B
u3obpaxenust [3], [4].

W3uncnsBaHero Ha CpeqHaTa KBaJpaTHYHAa TpemIka e
CTaHJApTEH CTATHUCTHYECKH ITOJXOJ 3a OOCKTMBHO HM3MEpBaHE Ha
CTENEHTa Ha pa3Nndie MeXIy ABe n3o0pakeHus. Mainka cToiHOCT
Ha MSE o3HauaBa, ye cpeJHOTO HMBO Ha pa3jMKaTa MEXAY TAX €
Manko. B cmywaii Ha nBe enHakBu wu3oOpakenus, MSE wuma
CTOHHOCT, paBHa Ha HyJa. 3a pasnmuka oT MSE, mo-romsima
croiHoct Ha PSNR o3nagaBa mo-moOpo KayecTBO Ha
u3o0paxxenuero. [Ipu eqnakBoct Ha nBe n3o0paxenus, PSNR nma
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CTOHHOCT KIOHAMmA KbM Oe3kpaifHocT. OCHOBHA Ilel HAa BCHYKH
cTeranorpad)CKd MeToIu € MUHHMHU3UpaHe Ha cToiHocTTa HAa MSE
U ChOTBETHO MakCHMH3UpaHe Ha croitHocrta Ha PSNR [3], [5].

W3cnenBaHuTe XapaKTEPUCTUKU Ca HPEACTABEHH CHOTBETHO
uype3 ¢popmymu (1) u (2), karo PSNR ce 6a3upa Ha croitHOCTHTE,
nomry4yenu 3a MSE:

m—-1 n—-1

PN EEHEX) 2
i=0 j=0

KBbJETO M M N Ca LIMPHHA M BHCOYMHA HA M300paKECHHETO;
I(i,j)) u K(i,j) ca cpborBeTHH muKcenu ¢ kKoopaunHatu (i,j) B
OPUTMHAIHOTO M CTEro-M300paKeHue.

@ PSNR = 10.log10 (") = 10.logy(

KBIETO Max = 255 3a 8 OUTOBU H300paXKeHUSI.

CreneHTa Ha momoOue Ha HM300paKEHHUSTa TMpeau U Clek
mporieca Ha BrpaXKJaHe Ha JaHHHMTE, M3MepeHa upe3 CpeaHara
KBajpatnyHa rpemka MSE M OTHOLIGHHETO Ha IHKOBHS CHTHAI

1
(1) MSE = —

max

\/MSE)'

KBM myma PSNR, onpezaens KauyeCcTBOTO Ha
crerouzobpaxennero [7]. Korato mogo0ueTo Mex 1y U3ciieIBaHuTe
n300paKeHHe € Malko ce TIIpueMa, ue KadecTBOTO Ha

CTEron300pa’KeHUETO € TI0-HUCKO.

WHaekchT 3a wu3MepBaHe Ha CTPYKTypHaTa NpHIMKAa B
n3zobpaxenue SSIM (Structural Similarity Index for measuring) e
nonober Ha MSE u PSNR, Ho e cp3maneH ¢ nen aa ru mogoOpu.
Karo moxa3zaten Toi n3mMepBa npoMsHaTa B IpKOCTTa, KOHTpacTa u
CTpPYKTypara Ha JajeHo u3oOpaxeHue. 3a monydaBaneTo Ha SSIM
ce  KOMOHMHHMpAaT  CTOMHOCTHTE, TOJNy4YeHH 3a  CpeaHarta
WHTEH3WBHOCT Ha SPKOCTTA, BapHalMUTe B KOHTpacta u
CTPYKTypaTa Ha B3aWMHATa KOpPENalusi MEXAYy OpPUTHHAIHOTO U
CTEron300pakeHueTo.

3. Ananus Ha 6b3MOMNCHOCIUME
creyuanu3upan cmezanozpagcku copmyep.

Ha

N3cnenBanure anroputMu ca Oasupanu Ha LSB metona,
npuiaokeH W u3cinensaH Bepxy BMP u JPEG wusobpaxeHws.
AHanu3upaHu ca pe3yaTaTUTe OT M3CIEeIBAHUATA Ha Ka4eCTBEHUTE
xapaxrepuctuku MSE, SNR, PSNR, SSIM. BusyanHusat aHanu3 Ha
CpaBHSBaHUTE M300pakKeHMS MMOKa3Ba JIMIICA HA BU3YAIHHU Pa3INKU
IpH 3pHUTENICH KOHTPOJ. XHUCTOTPAaMHUAT aHAIN3 M Pe3ylaTaTHTe 3a
KauyeCTBEHUTE XapaKTepUCTHKH ca rosydyeHu B cpenata MATLAB
12a.

Uscnensa ce eeKTHBHOCTTA CTEraHOrpad)CKUTE CUCTEMH TIPH
pasnuueH pa3Mep Ha CKpPUBaHHTE IAaHHUTE B €IHO MU ChLIO
n300paXkeHNe JaBa BB3MOXHOCT Ja CE aHAM3MPaT OYaKBaHUTE M
nony4yenu pesyntatd. Ha 6aza HampaBeHHs aHanIn3, MOXE Ja ce
npoBepy  e(QEeKTHUBHOCTTA Ha BrpaXIaHe Ha pealn3UpaHuTe
aropuTMH. 3a menTa ca M30paHH aBe HM300pakeHHs, KOHTO ca
BrpajieHu 4 pa3InyHy 10 pa3Mep ChOOIIEHHSI.
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4. Pesynmamu om uznvinenuemo. 1kB 09285 484530 09986
. 10kB 1.3952 46.6846 0.9979
VsOupareTo Ha pasIMiHH pEQEPEHTHH CTOHHOCTH € B 3a eKCIEPUMEHTUTE € M3IOJN3BaH TEKCTOB (ailn ¢ pasinyHa

BHCHMOCT OT Bb3MOXHOCTHTE H T . OcHOBHaTa My el . .
3aBHCHMOCT OT BB3MOXKHOC g a cofryepa. Ocko a My uen e pasmepHocT. To3u TekcToB (aili ce HU3MON3Ba KaTo TaiHO
HAmpaBU  CTETOM SKEHUST THBH XOJTHU
Aa ce Halpa CTCron30bpaxe a ce 0 cxon ¢ ChOOIICHUE, KOETO TpsAOBa Jia ce CKpUE B IPUKPUBAIIOTO

OPUTMHAJIHOTO, JOKOJKOTO € BB3MOXKHO, KaTo 3aeJHO C TOBa ce T —
YBEJIH ¥ KOJIMYECTBOTO 33 CKPUBAHUTE Ha JAHHH.

Ha ¢urypa 1 u 2 ce noka3Ba MpUKpUBALIOTO M300paxkeHHe U Ha ¢urypa 3 u 4 e npencraBen rpaduyueH aHaIN3 Ha JaHHATE
CTEroM300paKeHHUATA, KOUTO HE CE Pa3iIM4aBaT. 3a JIBeTe N300paXeH!s, KOWTO ChOTBETCTBA ¢ Tabauuu 1 u 2,

MSE LENA.BMP
PSNR LENA.BMP

MW invisible @ master W hide
M inyisible @ master W hide
~

&
3| 2 8
s B o
=18, | 8 &
~ - ~ (e}
Tpuxpusawjo usobpasicerue Cmezousobpadicenue 3 3 © 9 i
@uez. 1. [puxkpusawo u cmezouszobpadicenue na lena. bmp 3 e 2 ﬁ
3 Bl a3 a0
b MRS A F I
o) D < ~
~ o) N ™0
S o o —
CHE | ERE | E3N 1 B3
(Yo} o o (Yo}
sl sl gl g
B H H E
Tpurpusawo uzobpasicenue Cmezouszobpadicenue o S © O
@uez.2. [puxkpusawo u cmezouszobpadsicenue 3a parrots. bmp " - - -
B tabnuma 1 u 2 ca npeacTaBeHN pe3yNTaTUTE OT U3CICABAHETO 10B 100B 1KB 10KB 10B 100B 1KB 10KB
Ha e(pCeKTHMBHOCTTa Ha BrpaxJaHe Ype3 H3MEpBaHE Ha
CTaTHCTUYECKUTE XapaKTePUCTUKH. s
a
Ta6uunal: CraTucTHuecku XxapakrepucTiku Ha Lena.bmp ®uz.3. PSNR u MSE ua lena. bmp
MSE
PSNR PARROTS.BMP
10B 0.4996 51.1444 0.9994 PARROTS.BMP
100B 0.5003 51.1388 0.9994 H invisible @ master | hide
1B 05003 511389 0.9994 Hinvisible W master W hide
o
10kB 0.5006 51.1361 0.9994 a )
o
10B 0.0001 89.8875 1.0000 i g
()]
1008 00007 795857 1.0000 w0 A
© % a 00 00 *
1kb 0.0074 69.4673 1.0000 0 N o o 5
n ~ < vg‘ © ©
10kB 0.0679 59.8148 0.9999 § § § g g § gmg . " .
A~ N U} A< N (2] [e]) D
10B 16.2716 36.0165 0.9878 b oS b 5 b ) o § " ) e g
100B 163348  35.9997 0.9877 °ri°r °l°
1kB 16.8900 35.8545 0.9873
6,1kB 19.9235 35.1371 0.9852 S S g I~
; Sl 5
Tosa cpaBHeHne moka3Ba npomsiHata B MSE, PSNR u SSIM. e © e }
Taonuya2: Cmamucmuuecku xapaxmepucmuxu xa Parrots.omp 10B 100B 1KB 10KB
_ S
a 0
51.1415 0.9987 @ue.4. PSNR u MSE na parrots. Bmp
51.1417 0.9987
51.1424 0.9987 MHoro BakeH (GakTop NMpH CpaBHEHHs Ha JBE M300paKeHUS ce
51.1424 0.9987 sBsIBA XUCTOTpaMHHs aHanmm3. [IpoOneMbT, KOHTO BB3HMKBA U €
95,5239 1.0000 OCHOBEH € , Y€ IIPU peallHu CUTYyallud, He MOXe Jla Ce pas3mnoJjara ¢

OPUTMHAIIHOTO M300paKEHHE, 3a [1a CE CPABHSAT ABETE H300paKeHHS
U Jla ce JoKaxe Hanuuuero Ha creraHorpadus. Ha durypa 5 u 6 ca
HPEACTABEHH XHUCTOIPAMUTE Ha ABOMKHTE M300paKEHHST —CTEro M
opuruHai 3a recrBanute Lena.bmp u Parrots.bmp.

85.4837 1.0000
75.3226 1.0000
65.2953 0.9999
48.7031 0.9986
48.6763 0.9986
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Tpukpusawo usobpasxcenue Cmezousobpasxcenue

@uz.5. Xucmoepama 3a lena. bmp

Tpukpusawo uzoopasicenue CmezouzobpasiceHue

@uz.6. Xucmoepama 3a parrots.bmp

ChbOTHOIIIGHHE CHUTHAT IOyM, 4YeCTO C€ U3MO0i3Ba Karo
KaueCTBEHO H3MEpBaHe Ha PA3IUKUTE MEXIy OPUTHHAIHOTO H
creron3obpaxenuero. Konkoro mo-sucoko ¢ PSNR, tonmkoBa mo-
I00po € Ka4ecTBOTO Ha peKOHCTpyHpanusi 00pa3. Hanpumep, mpu
JageHo n300pakeHHue B CHBO, 33 J]a C€ CKPUST TalHHUTE NaHHH, ©
TPYOHO 3a BCEKM 4YOBEK Jia BB3IPHEME pasjuKaTta MexIy
MPUKPUBALIOTO HM300paKEHUETO MW CTErOM300pa)KEHHETO, aKo
croiiHoctta Ha PNSR Ha creronszo0Opaxennero Haaxebpis 36dB

[6].

PesynTature mokasBar, uye MPEJIOKCHUAT MOAXOJ MOXKE Ia
ocurypu oOemaBama MPOU3BOJUTEIHOCT IPH OCUTYpSIBaHE Ha
OCTaThUEH KalaluTeT 32 CKpUBaHEe Ha JaHHHU B M300paKeHUATA U
OB PIKaHEe Ha THO He3a0eIeKUMO KauyecTBO €THOBPEMEHHO.

5. 3aknrouenue

B Tasm crarus ce mpeanara CpaBHEHHE Ha alrOpPUTMH 3a
BrpakJaHe Ha TalHM JaHHH B HENOJBIXHU H300paXKeHUs,
u3non3Baiiku Mmeto LSB. Te mo3BossiBaT H3MOI3BAHETO HA TTAPOIH
3a OCHIypsiBaHE Ha JIONbJIHHUTEIHA 3alllUTa Ha CKPHBAaHUTE JaHHU.
BCsIKO OT MPUIIOKEHUATA HPHUTEKABa CBOUTE JOOPH MapamMeTpH 3a
OCHT'ypsIBaHE Ha CKPUTOCT.
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NUMERICAL ANALYSIS OF REAL OPEN CYCLE GAS TURBINE
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Abstract: The paper presents a thermodynamic analysis of gas turbine with real open cycle. Gas turbine operates in combined heat and
power (CHP) system. Analysis is provided by using measured operating parameters of operating mediums (air and combustion gases) in all
required operating points. Cumulative real turbine developed power amounts 78611.63 kW. In the whole gas turbine process, the highest
losses occur in combustion chambers during the heat supply process and amounts 13689.24 kW. Turbine power losses are equal to 7976.22
kW, while the turbo-compressor power losses amounts 4774.24 kW. While taking into account all analyzed gas turbine components, the
highest efficiency of 90.79% has turbine, followed by combustion chambers which efficiency is equal to 89.01%. Turbo-compressor
efficiency amounts 88.59% and the whole gas turbine cycle has efficiency equal to 33.15%.

KEYWORDS: GAS TURBINE, REAL OPEN CYCLE, NUMERICAL ANALYSIS, LOSSES, EFFICIENCY
1. Introduction atmosphere by polytropic compression, which included

) ) ) ] compression losses if compared to ideal isentropic compression.
Gas turbines are today widely used in various power plants or Heat supply process in combustion chambers has several heat

cogeneration plants for simultaneous heat and power production [1],  transfer losses and is characterized with a pressure drop. Real
[2]. Investigation and _analy51s Of. many  gas turbines and its combustion gases expansion process on the turbine is polytropic
processes are performed in a lot of scientific papers [3]. which included expansion losses if compared to ideal isentropic

Energy and exergy analyses are usually used f(_)r the inVeSﬁgatiQn expansion. Heat release from the real gas turbine process happens at
of complete power plants or its components in order to obtain  the higher pressure in comparison with atmospheric pressure. For
efficiencies and losses of the entire plant and each plant component  the analyzed gas turbine cycle, mentioned losses are included in

[4], [5]. Such analyses are also very applicable for the gas turbines measured operating parameters of air and combustion gases in all
and all of its components [6]. operating points.

This paper presents a thermodynamic analysis of gas turbine with
real open cycle which operates in combined heat and power system.
Real gas turbine cycles involve losses at each analyzed gas turbine
component. Power distribution, distribution of delivered and
released heat, losses and efficiencies of each constituent component
and the entire gas turbine were calculated and discussed.

Ps3

Turbine

2. Real open cycle gas turbine process

Turbo-compressor

Main scheme of a gas turbine with real open cycle is presented in
Fig. 1, while the temperature-specific entropy diagram of this

process is shown in Fig. 2. T 1 P
Beginning of gas turbine operation from dead-state is ensured I—> Qo
s

with starting electro-motor [7]. In the open gas turbine cycle turbo-
compressor takes air from the atmosphere and increases its pressure.
Air with increased pressure is then delivered to combustion
chambers. In combustion chambers is injected a certain amount of
high-quality fuel, fuel is mixed with air after which combustion 3. Gas turbine with real open cycle numerical analysis
occurred. Produced combustion gases leave combustion chambers — main equations

and enter into the turbine. At the combustion chambers outlet
(turbine inlet) produced combustion gases has the highest Most of the equations for the gas turbine with real open cycle
temperature (the highest gas turbine cycle temperature) - point 3, analysis were found in [7] and [8]. For each operating point of real
Fig. 1 and Fig. 2. Combustion gases expanded through the turbine open gas turbine cycle, specific enthalpy of operating medium (air
and after expansion, they are released from the gas turbine cycle to or combustion gases) can be calculated as:

the atmosphere. One part of produced turbine cumulative power

B
>

Fig. 2. T-s diagram of the real open gas turbine cycle with all
losses included

(usually about 50%) is used for a turbo-compressor drive, while h=c,-T 1)
with the other part of cumulative produced power is driven any
power consumer (usually electric generator). where ¢, is the specific heat capacity of operating medium at
constant pressure and 7 is current operating medium temperature.
ZQ"“ For real open cycle gas turbine, specific heat capacity at constant

pressure (c,) is a function of current operating medium temperature.
Specific heat capacity at constant pressure of air is calculated

according to [9] by using an equation:

Cpair(T) =1.0484 - 0.0003837 - T +

9.45378 5.49031 7.92981 2)
+ 7 T - 0 Pt 14 T
10 10 10

Fig. 1. Main scheme of the gas turbine with real open cycle (EM =
Electro-Motor, TC = Turbo-Compressor, CC = Combustion
Chambers; T = Turbine; PC = Power Consumer)

while for combustion gases (cg), specific heat capacity at constant
pressure is also calculated according to [9] by using an equation:

Real gas turbine cycle includes losses at each gas turbine
component [8]. Turbo-compressor compresses air from the
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- Real useful power (which can be used for power consumer drive):

Cpea(T) = 0.936087 +—0‘°11(§)27 Yory useful power (w b pow u ve)
3 Py =P~ P 15

L 00172103 ., 007247 ®) us aT TIe (1s)
10° 10° - Ideal (isentropic) useful power (which can be used for power

consumer drive if the compression and expansion processes were
In equations Eq. 2 and Eq. 3 temperature 7 must be inserted in ideal ones):
(K) to obtain ¢, of air or combustion gases in (kl/kg-K). For the

analyzed gas turbine are used measured temperatures in all Pusis = Pris — Pres (16)

operating points from Fig. 1 and Fig. 2, therefore specific enthalpies

of operating medium can be easily calculated. - Chemical energy delivered by fuel in the combustion chambers:
By using Fig. 1 and Fig. 2, the operating parameters of the real

open cycle gas turbine are: Ocye =mg-LHV 17)

- Turbo-compressor real power: where LHYV is the fuel lower heating value.

Pre =iy, ~(h2 - h|)= Ty, (Tz oo =T 'Cp,l) “4) - The amount of heat transferred in combustion chambers:
Temperature of operating medium (air) after ideal (isentropic) Orga =1, '(h3 - h2)= Meg (Ts 31, 'Cp,z) (18)

compression is calculated by using an equation:
- Heat supply losses in the combustion chambers:
Kair—1
T, =T, (&j i (5) Oust. = 9cne — Prra (19)
P
- Heat supply (combustion chambers) efficiency:

where ,;, is according to [10] equal to 1.4. ) )
_QTRA _mcg'(h_?)_hz) mcg'(T3'Cp,3_T2'Cp,2)

- Turbo-compressor ideal (isentropic) power: s = Oce - titg - LHV = titg - LHV (20)

FPreas =i =)= i (7 Ga 'CP") ©) - The cumulative amount of heat released from the process:

- Turbo-compressor power losses: Ogpr. =ity ~(h4 _ hl): Ty ~(T4 cpa—Ti 'Cp,l) @

Preaw =Pre = Preus = M ~(h2 - hA) ) - Useful heat released from the process:

- Turbo-compressor efficiency: Okerus = ey (hy—he)= T, -(T4 py—To Cp,c) (22)

e = Press = ha=h = TaCpn =T G (8) Useful heat released from the process is the amount of heat which
Prc hy—=h;  Tycpp—T-c,p, can be used for additional heating purposes. Combustion gases

which exit gas turbine can be used for additional heating if its
- Combustion gases mass flow is the sum of air mass flow through a temperature exceeds 160 °C (433.15 K). Temperature of

turbo-compressor and fuel mass flow (F) in combustion chambers: combustion gases equal to 160 °C is represented with point C in
) ) ) Fig. 2. Intensive low-temperature corrosion is the main reason why
Mo = Myjp + My ) combustion gases with temperature lower than 160 °C cannot be
used for additional heating, so one part of heat will always be
- Turbine real cumulative power: released from the process as unused heat.
Py =i, (hy—hy)= Mg (T3 1 ~cp’4) (10) - Unused released heat:
Temperature of combustion gases after ideal (isentropic) Ouny = fitey '(hC —h )= Tieg '(T c e~ 'cp,l) 23)

expansion is calculated by using the following equation: ) )
- Gas turbine process overall efficiency:

ch—l
E Pys P —P
T,=T,| 24| 11y e == (24)
Ds Orra Orra
where x., is equal to 1.3 according to [10] . - Specific fuel consumption:
- Turbine ideal (isentropic) cumulative power: SFC = e Me (25)
Fis  Pr=Prc
PT,Is:’hcg'(h3_hB):’hcg‘(Ts'CpJ_TB'Cp,B) (12)
4. Measured operating parameters of the real open
- Turbine power losses: cycle gas turbine
Prpp = Prys—Pr =mg, '(h4 _hB) =ity '(T 2 Cpa—Tp 'Cp,B) (13) The operating parameters of real open cycle gas turbine process
were found in [9], Table 1. The operating points of the gas turbine
- Turbine efficiency: process in Table 1 are presented in accordance to Fig. 1 and Fig. 2.

The real gas turbine process is characterized with real (polytropic)
compression and expansion processes with pressure drops during
heat transferring in combustion chambers and during heat releasing
from the process. Analyzed real open cycle gas turbine operates in
combined heat and power (CHP) system, Turkey.

Ny = PT _ h3_h4 _ T3'Cp,3_Tzl'Cp,4 (14)
= = =
Prs hy—hg Tz'cp,s_TB'Cp,B
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Table 1. Operating parameters of real open cycle gas turbine [9]

Operating point* Tem[zg)ature Pl;;s:;l)re
1 298.15 1.0133
2 615.15 10.5030
3 1287.57 9.9779
4 827.15 1.1171
Air mass flow 119.97 kg/s
Used fuel Natural gas
Fuel lower heating value (LHV) 44661 kl/kg
Fuel mass flow 2.79 kg/s
Combustion gases mass flow** 122.76 kg/s

* According to Fig. 1 and Fig. 2
** According to Eq. 9

5. Numerical analysis results of real open cycle gas
turbine

After real (polytropic) compression on the turbo-compressor and
after real (polytropic) expansion on the turbine, temperatures of
operating medium (air or combustion gases) are higher in
comparison with ideal (isentropic) processes, Fig. 3. The air
temperature after real compression is 33.58 K higher, while
combustion gases temperature after real expansion is 50.33 K
higher when compared to air and combustion gases temperature
after isentropic compression and expansion.

900

@ After isentropic compression

800

DAfter real compression

D After isentropic expansion

700

DAfter real expansion

600

500

Temperature (K)

400

Fig. 3. The change in real and isentropic temperatures after
compression and expansion for the analyzed gas turbine

300 -+

REAL OPEN CYCLE

A turbo-compressor is power consumer therefore in the real
compression process it will use more power (due to losses) than in
the ideal process. Real compression process will use 4772.24 kW
more power in comparison with the ideal (isentropic) one, Fig. 4.

The turbine is a power producer - in the real expansion process
turbine will produce 7976.23 kW less power (due to losses) than in
the ideal (isentropic) process.

Real useful power produced by analyzed gas turbine amounts
36768.51 kW and will be used for any power consumer drive. Ideal
(isentropic) useful power is calculated according to Eq. 16 and it
assumes ideal compression and expansion processes. Isentropic
useful power is equal to 49518.98 kW and represents the maximum
theoretical power which can be in the ideal situation produced by
analyzed gas turbine and delivered to power consumer, Fig. 4.

95000

8656786 @ Turb
O Turb
S Turbine (real)

© Turbine cumulative (isentropic)
DUseful (real)

OUseful

(real)

85000

75000

65000

55000

49518.98

Power (kW)

41843.12

45000

37088.88

35000

25000

;\

REAL OPEN CYCLE

.

15000

Fig. 4. The change in real and isentropic power of gas turbine
components and the entire gas turbine

The most expensive element in the analyzed real open cycle gas
turbine is used fuel. Chemical energy brought to combustion
chambers by fuel represents the highest heat amount delivered in
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the gas turbine process. Due to several losses in the gas turbine
combustion chambers - heat transferred from fuel to operating
medium (combustion gases) will be lower in comparison with fuel
chemical energy for 13689.24 kW, Fig. 5.

Cumulative heat released from the analyzed gas turbine process
amounts 75119.53 kW. This heat amount will be divided on useful
released heat (released combustion gases with temperature higher
than 160 °C) and unused released heat (released combustion gases
with temperature lower than 160 °C). In the analyzed gas turbine
process useful released heat, which can be used for any heat
consumer drive (or more of heat consumer’s drive) amounts
58216.59 kW.

130000

124604.19

120000 BDelivered by fuel

Transferred to operating medium
110000 + ' perating
Cumulative released from the process

DUseful released

100000 -

90000 +

80000

75119.53

REAL OPEN CYCLE

Heat amount (kW)

70000 -

60000

56216.59

50000 -

Fig. 5. Change in heat amounts of the analyzed gas turbine

Turbo-compressor power losses which amounts 4774.24 kW are
represented as a difference between real and ideal (isentropic)
power required for turbo-compressor drive. Turbine power losses
amounts 7976.22 kW and those turbine losses were calculated as a
difference between the ideal (isentropic) and real turbine developed
power, Fig. 6.

Heat supply losses are a difference between fuel chemical energy
and heat amount transferred to operating medium (combustion
gases) in combustion chambers - Eq. 19. Unused released heat from
the analyzed gas turbine with real open cycle amounts 16902.94 kW
and is calculated by using Eq. 23.

18000

169024

16000 @Turbo-compressor
DHeat supply
Turbine

BUnused released heat

1368924

14000
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10000

8000

Losses (kW)

6000

477424

Fig. 6. Losses of the analyzed gas turbine components
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3
3
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REAL OPEN CYCLE

For the analyzed gas turbine with real open cycle, the highest
efficiency has a turbine (90.79%), Fig. 7. The heat supply process
has efficiency equal to 89.01%, while the lowest efficiency of
analyzed gas turbine components has a turbo-compressor and its
efficiency is equal to 88.59%. Real open cycle gas turbine analyzed
in this study has an overall efficiency equal to 33.15%, what is
usual and expected efficiency for gas turbines used in power plants
of any type.
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Turbo-compressor
mHeat supply process

80
S Turbine

70 4 DProcess overall

60

50 1

Efficiency (%)

40

30 4

20 +

REAL OPEN CYCLE

Fig. 7. Efficiencies of gas turbine components and the entire gas
turbine
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In the presented analysis are obtained some additional important
operating data of the analyzed real open cycle gas turbine. By using
natural gas as a fuel for combustion in combustion chambers,
specific fuel consumption, calculated according to Eq. 25, is equal
to 273.17 g/kWh. Turbo-compressor power share in the cumulative
power developed by the turbine is equal to 53.23%, which leads to a
conclusion that a majority of developed cumulative turbine power is
used for turbo-compressor drive; only 46.77% of cumulative
developed power is used for power consumer driving. Share of
unused heat in cumulative released heat is equal to 22.50%
therefore the conclusion is that the majority of cumulative released
heat from the analyzed gas turbine can be used for the drive of other
heat consumers. In the real analyzed gas turbine process turbo-
compressor uses 12.88% more power, while the turbine produces
10.15% lower power when compared to ideal (isentropic)
compression and expansion processes. Real produced gas turbine
useful power which will be used for power consumer drive will be
34.68% higher if the compression and expansion processes are the
ideal (isentropic) ones.

6. Conclusions

This paper presents a thermodynamic analysis of gas turbine with
real open cycle, which means that all the losses at every gas turbine
component were taken into account during analysis. Analyzed gas
turbine takes the air from the atmosphere and after expansion
process combustion gases were released from the process directly to
the atmosphere - two-way atmosphere connection defines gas
turbines with open cycle. The main conclusions of the presented
analysis are:

- After real compression and expansion processes operating
medium temperatures were significantly higher in
comparison with the operating medium temperatures after
ideal (isentropic) compression or expansion.

- Turbo-compressor power losses amounts 4774.24 kW and
its efficiency is equal to 88.59%.

- Turbine power losses amounts 7976.22 kW and its
efficiency is equal to 90.79%.

- Heat supply process in combustion chambers resulted with
heat losses equal to 13689.24 kW, while the heat supply
efficiency (combustion chambers efficiency) is equal to
89.01%.

- Cumulative heat released from the gas turbine process
amounts 75119.53 kW. This cumulative heat amount is
divided in two parts - first part is useful heat, which can be
used for any heat consumer drive and amounts 58216.59
kW, while the second part is unused heat which cannot be
used in heat consumers and must be released to the
atmosphere. Unused heat amounts 16902.94 kW.

- The whole analyzed gas turbine cycle has an overall
efficiency equal to 33.15%.
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Abstract: The paper presents analysis of heat exchange and fuel consumption in the entire Marine Steam Generator (MSG) with steam re-
heating and in all of its components. Analysis is performed by using operating parameters from the steam generator exploitation. The highest
heat amount transferred from combustion gases is used in the evaporator (48.17 % of the cumulative heat amount transferred in MSG).
Proportionally, evaporator uses the highest fuel mass flow of 0.5172 kg/s when compared to other MSG components. In the high-pressure
pipeline heat losses amounts 82.64 kW. Cumulative heat transferred from combustion gases to water/steam in all MSG components amounts
42048.47 kW. Cumulative water/steam specific entropy and temperature increase in the entire MSG is 4.5677 kJ/kg'K and 454.18 K, while

the fuel mass flow in the entire MSG is equal to 1.0736 kg/s.

KEYWORDS: MARINE STEAM GENERATOR, STEAM RE-HEATING, HEAT EXCHANGE, FUEL CONSUMPTION

1. Introduction

Marine propulsion systems are today mainly based on diesel
engines, regardless of its type [1], [2]. Marine steam propulsion
systems [3] still have a dominant role in the propulsion of LNG
carriers. New propulsion systems for LNG carriers, which are at
least partially based on steam turbines, are under development [4].

Marine steam propulsion systems have a high level of complexity
due to a number of components from which they are assembled [5].
An essential element of such marine steam propulsion systems is
steam generator. Older versions of marine steam generators
produced superheated steam for all marine steam turbines [6] and
for proper operation of other system components, but such steam
generators do not posses ability of steam additional re-heating [7],
[8]. Newer versions of marine steam generators possess that
additional ability of steam re-heating.

In this paper is performed analysis of Marine Steam Generator
(MSG) with additional steam re-heating. Analysis is based on the
first law of thermodynamics. For each component of MSG with
steam re-heating is calculated amount of heat transferred from
combustion gases during the superheated steam production. Also,
for each component of analyzed MSG is calculated fuel
consumption. The analysis takes into account steam specific
entropy and temperature increase on each analyzed MSG
component along with heat and pressure losses of high-pressure
steam pipeline.

2. Description of MSG with steam re-heating and its
thermodynamic process

Main scheme of Marine Steam Generator (MSG) with steam re-
heating is presented in Fig. 1. Water which enters in MSG (point 1,
Fig. 1) is heated in all steam generator components and from that
water is produced superheated steam (point 2, Fig. 1). Heating in all
MSG components is ensured with fuel burning (with the inevitable
presence of air) which is delivered in steam generator furnace.

After production, main superheated steam is led through a high-
pressure pipeline into the high-pressure turbine. Due to steam high
pressure and temperature, heat and pressure losses in high-pressure
pipeline cannot be neglected. Therefore, at the high-pressure turbine
inlet (point 3, Fig. 1), superheated steam pressure and temperature
are lower in comparison with outlet from the MSG (point 2, Fig. 1).

After expansion in the high-pressure turbine, steam was led back
to the MSG for the re-heating process. Due to high-pressure steam
turbine extractions, steam mass flow in re-heater is lower in
comparison with the main steam mass flow. Re-heating process
increases steam temperature (between points 4 and 5, Fig. 1) and
after re-heating steam was lead to medium-pressure steam turbine.

Each steam generator consists of three main components in the
same housing. Those components are water heater, evaporator and
superheater. MSG from this analysis in the housing also has fourth
component - steam re-heater. To be able to present heat transfer and
fuel consumption of each MSG component, operating points from
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Fig. 1 are not sufficient, so between operating points 1 and 2 are
added two additional operating points which divided MSG on its
constituent components. That division is presented in Fig. 2.

Pipeline
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f steam turbine

Steam re-heater
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Main steam

From high-pressure

4
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]

Marine steam generator

A
19

From high-pressure
feed water heating
system

Fig. 1. Scheme of the MSG with marked operating points for the
analysis

Division of MSG into the components required some
assumptions. The first assumption is that the process of water
heating, evaporation and superheating is happening at the same
pressure (pressure losses at each mentioned component is
neglected). The second assumption is that water heating,
evaporation and superheating processes begins or ends at the
saturation line (for the evaporator process begins and ends at the
saturation line), which varies from the real process. Only pressure
loss which has taken into account is in re-heater due to high steam
volume and speed through re-heater.
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Fig. 2. T-s diagram of the MSG process with marked operating
points necessary for the analysis of each component

Besides analyzed process at each MSG component, in Fig. 2 can
also be seen temperature (and pressure) loss in high-pressure steam
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pipeline (between points 2 and 3) as well as the real (polytropic)
steam expansion process in a high-pressure steam turbine. The
analysis in this paper ends with point 5, after steam exits the steam
re-heater and was lead to medium-pressure steam turbine.

3. Equations for the thermodynamic analysis of MSG
with steam re-heating

Analysis of MSG is performed according to the first law of
thermodynamics [9] which is related to the conservation of energy
[10]. Equations for the analysis are defined according to Fig. 1 and
Fig. 2:

- Heat transferred from combustion gases to water in the MSG
water heater:

QWH:ml'(hla_hl) 1
- MSG water heater fuel consumption:
. o) iy (= h
i = WH __ " ( 1 1) )
Hlow ‘Nwn Hlow “NMwh

- Heat transferred from combustion gases to water/steam in MSG
evaporator:

Ogvap =y, '(hlb _hla) 3)
- MSG evaporator fuel consumption:
. _ Opvar _my, '(hlb _hla) 4
Mevap = = )
Hygy NMevar  Hiow “Mevar

- Heat transferred from combustion gases to steam in MSG
superheater:

Osyy =1y, '(hz - hlb) (5)
- MSG superheater fuel consumption:
. 0 iy - (hy —h
sy = SH __ M ( 2 lb) (6)
Hpy Tsh H,oy “Msn

- Heat transferred from combustion gases to steam in MSG re-
heater:

QRH =, '(hs - h4) (M
- MSG re-heater fuel consumption:
; _ QRH _'h4'(h5_h4)
Mepy = = (8)
Hlow TRy Hlow MRy
- Heat loss in MSG high-pressure pipeline:
Op, = 1ty (1 = 1) ©)

- Heat transferred from combustion gases to water/steam in the
entire MSG:

QMSG =y - (hz - h1)+ ny - (hs - h4):
= Own *+ Qrvar + Osu + Oru
- Entire MSG fuel consumption:
Ousc _ n'11~(h2—h1)+7h4'(h5—h4)
H,oy  Nuisc Hioy - Musa

_ Own + Oevar + Gsn + Oru
Hoy, -Thasc

(10)

Mg psG =

(an

Data for the MSG thermodynamic analysis were found in [5]. In
this document the authors specified that used fuel have a lower
heating value (H,) equal to 43038 kJ/kg and steam generator
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efficiency (17usc) is 91 %. In this analysis were taken the same fuel
lower heating value, while the efficiency of 91 % is assumed for the
entire MSG and each of its components. Water/steam specific
enthalpies (/) and specific entropies (s) were calculated with NIST
REFPROP 9.0 software [11] from known temperature and pressure
at each operating point of Fig. 1 and Fig. 2.

4. Operating parameters at each MSG point necessary
for the analysis

Water/steam temperature, pressure and mass flow at each
operating point of MSG (Fig. 1) were found in [5] and presented in
Table 1. In Table 1 are also presented water/steam specific
enthalpies and specific entropies calculated with NIST REFPROP
9.0 software [11] at each observed MSG operating point.

Table 1. Data for the MSG analysis at each operating point [5]

Qp. Temperature | Pressure [Mass flow :ﬂ;cailt; cy j;:::(:g;
point* (K) (kPa) (kg/s) (KI/kg) |(kI/kg'K)
1 514.87 10300 15.593 1046.5 2.7028
2 786.00 10300 15.593 3404.6 6.6247
3 783.00 10100 15.593 3399.3 6.6263
4 599.95 2260 12.859 3079.2 6.8087
5 783.00 2030 12.859 3489.7 7.4545

* Operating point numeration refers to Fig. 1 and Fig. 2

Analysis of heat transfer and fuel consumption at each MSG
component requires widening of data between operating points 1
and 2 (Fig. 1). Operating points 1 and 2 has the same pressure
(Table 1), so at each main component of the analyzed MSG (re-
heater not included) is assumed the same pressure of 10300 kPa.
Through each MSG component the water/steam mass flow is equal
(15.593 kg/s). Widening of operating data is performed according to
Fig. 2 (new added operating points are la and 1b) to be able to
analyze each MSG component individually. Operation parameters
for all added operating points are presented in Table 2.

Table 2. Expanded data for the MSG analysis between operating
points 1 and 2

Op. |Temperature| Pressure Mass Specific | Specific
oint* (K) (kPa) flow | enthalpy | entropy
P (kg/s) | (kI/kg) |(kI/kg'K)
1 514.87 10300 | 15.593 1046.5 2.7028
la 586.33 10300 | 15.593 1420.9 3.3819
1b 586.33 10300 | 15.593 | 2719.9 5.5974
2 786.00 10300 | 15.593 3404.6 6.6247

* Operating point numeration refers to Fig. 2

5. The results of the MSG with steam re-heating
thermodynamic analysis

Heat transferred from combustion gasses to operating medium
(operating medium is water/steam) at each analyzed MSG
component, along with heat losses in the high-pressure pipeline is
presented in Fig. 3. In high-pressure pipeline occurs decrease of
steam pressure (Table 1) and simultaneous decrease in steam
temperature which resulted with heat losses equal to 82.64 kW.
Heat losses also occur in all the other steam pipelines, but in high-
pressure steam pipeline heat losses are the highest (due to the
highest steam pressure and temperature), so it should not be
neglected as in other pipelines.

Heat transfer at MSG components shows that the highest heat
amount of 20255.31 kW is transferred from combustion gases to
operating medium in evaporator during the change in water
aggregate state (from water to saturated steam). Superheater is the
second heat consumer which increases saturated steam temperature
and for that temperature increase uses heat amount of 10676.53 kW.
In the analyzed MSG, water heater uses a higher heat amount of
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combustion gases than re-heater (5838.02 kW for water heater and
5278.62 kW for re-heater). The main reason for such occurrence is
that water mass flow, which passes through water heater, is notably
higher when compared with superheated steam mass flow, which
passes through the re-heater, Table 1. Heat transferred in the entire
analyzed MSG (water heater, evaporator, superheater and re-heater)
amounts 42048.47 kW, Fig. 3.

45000

42048.47
40000
35000
30000
25000
20255.31

20000

15000

10676.53

10000
5838.02
5000 |

5278.62

Heat transferred to water/steam (kW)

82.64 |
0

Water heater Evaporator Superheater Pipeline Re-heater Entire MSG

Fig. 3. Distribution of heat transferred from combustion gases in all
analyzed MSG components along with heat loss in the high-
pressure pipeline

From the entire heat amount which is transferred from
combustion gases to water/steam in the analyzed MSG, 48.17 % is
used by the evaporator, Fig. 4. After evaporator, 25.39 % of the
cumulative transferred heat amount uses superheater, water heater
uses 13.88 % and the lowest percentage of the cumulative
transferred heat amount uses re-heater (12.55 %).

Analyzed MSG acts as many other marine steam generators and
steam generators from the land-based steam power plants because
the largest heat amount is used for changing the water aggregate
state. Change of water aggregate state, according to early adopted
assumptions did not result in water/steam temperature increase in
evaporator (water/steam temperature in the evaporator can only
decrease due to losses).

12.56% 13.88%

Water heater
OEvaporator
Superheater
ERe-heater

25.39%

Fig. 4. Percentage distribution of transferred heat in all MSG
components

Increase of water/steam specific entropy in the analyzed MSG is
the highest in the evaporator after which follows the superheater,
two components which uses the highest delivered heat amount, Fig.
4 and Fig. 5. Increase in specific entropy of operating medium is
higher for water heater than for re-heater, Fig. 5. From this
observation can be concluded that heat transferring process in the
components of analyzed MSG is directly proportional to operating
medium specific entropy increment - increase in delivered heat
amount from combustion gases is followed by a proportional
increase in specific entropy.

The increase in operating medium temperature of analyzed MSG
is not proportional to heat transfer process, Fig. 4 and Fig. 5.
Evaporator which gets the highest heat amount of burned fuel does
not increase water/steam temperature because of the aggregate state
change. The highest operating medium temperature increase can be
seen in superheater and re-heater, which both increase temperature
of superheated steam (superheater for 199.67 K and re-heater for
183.05 K). MSG water heater increases water temperature for 71.46
K, Fig. 5.

The sum of operating medium specific entropy and temperature
increment at each analyzed MSG component resulted with a
conclusion that analyzed MSG increases the specific entropy of
operating medium for a cumulative value of 4.5677 kJ/kg'K, while
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the cumulative increase in operating medium temperature in this
steam generator is equal to 454.18 K.
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Fig. 5. Increase in water/steam specific entropy and temperature in
each component and in the entire MSG

Fuel consumption for each MSG component is also directly
proportional to heat transferred on each component, Fig. 6. The
highest fuel consumer (and proportionally the highest heat
consumer) is evaporator which uses fuel mass flow of 0.5172 kg/s.
After the evaporator follows superheater and water heater which
uses fuel mass flow of 0.2726 kg/s and 0.1491 kg/s. The lowest fuel
mass flow (and proportionally the lowest heat amount) of all
analyzed MSG components can be seen at re-heater which uses fuel
mass flow of 0.1348 kg/s. All the MSG components use the same
fuel, which lower heating value amounts 43038 kJ/kg.

Cumulative fuel mass flow used in the entire analyzed MSG is
the sum of fuel mass flows used in each component. Fuel mass flow
in the entire MSG is 1.0736 kg/s, Fig. 6.

1.0736

05172

0.2726
0.1491 0.1348

Water heater Re-heater

Fuel consumption (kg/s)

Evaporator Superheater Entire MSG

Fig. 6. Fuel consumption for each component and in the entire
MSG

NIST REFPROP 9.0 software [11] allows calculation of many
water/steam operating parameters (besides specific enthalpies and
specific entropies) at each observed operating point of the analyzed
MSG. Some of important water/steam operating parameters
necessary for detail calculation of MSG operation is presented in
Fig. 7. Those operating parameters are presented in each operating
point of MSG according to Fig. 2.

Water/steam specific volume, which is directly proportional to
operating medium volume, is one of the indicators for losses at each
MSG component (especially pressure losses). In MSG water heater
(points from 1 to la) increase in water specific volume is low, so
pressure losses in that component can be neglected. In evaporator
(points from la to 1b) and in superheater (points from 1b to 2)
increase in operating medium specific volume is significant and in
that MSG components can be expected a notable operating medium
pressure decrease during MSG operation, which are neglected in
this analysis (according to used operating parameters from [5]). So,
in the real exploitation of analyzed MSG will be important precise
measurements of steam pressure and temperature at the evaporator
and superheater inlets and outlets, if possible. Temperature and
pressure decrease in high-pressure pipeline (points from 2 to 3)
resulted with an increase in superheated steam specific volume from
0.03250 m*/kg to 0.03302 m’/kg. The most significant increase in
superheated steam specific volume can be seen during the steam
expansion in the high-pressure turbine (points from 3 to 4) and in
steam re-heater (points from 4 to 5). Such significant increase in
superheated steam specific volume through the MSG re-heater
resulted in steam pressure decrease between re-heater inlet
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(operating point 4) and outlet (operating point 5), which can be seen
in Table 1.

Compressibility factor denotes the difference between the real
and ideal gas. Compressibility factor value equal to 1 denotes an
ideal gas, while its value lower than or greater than 1 represents the
real gas. Compressibility factor is usually used to observe how
much the current operating medium characteristics deviate from the
ideal gas. For the analyzed MSG in the water heater (points from 1
to la) operating medium characteristics significantly deviates from
ideal gas because in water heater operating medium is water, so
compressibility factor is 0.05299 at the water heater inlet and
0.05569 at the water heater outlet. Saturated steam at the evaporator
outlet (operating point 1b) has compressibility factor 0.66152 which
means that saturated steam characteristics getting closer to an ideal
gas (in comparison with water in water heater). At the superheater
outlet (operating point 2) superheated steam has a compressibility
factor equal to 0.92266, what indicates that superheated steam has a
characteristics very close to ideal gas. After the expansion in high-
pressure steam turbine (at the re-heater inlet-operating point 4)
superheated steam has a compressibility factor of 0.95199, while at
the re-heater outlet (operating point 5) superheated steam has a
compressibility factor of 0.98525.

092266

092299
EZ3Specific volume

-+ Compressibility factor

Specific volume (m’/kg)
Compressibility factor (-)

| oos298 0.05569

3 4 5

Fig. 7. Change in water/steam specific volume and compressibility
factor at each analyzed MSG operating point

6. Conclusions

This paper presents analysis of heat exchange and fuel
consumption in Marine Steam Generator (MSG) with steam re-
heating and in all of its constituent components. The presented
analysis provides insight into the operation of each MSG
component and presented the most important temperature and
pressure losses during the superheated steam production. The most
important conclusions of this analysis are:

- The highest transferred heat amount of the entire analyzed MSG is
used in the evaporator and amounts 20255.31 kW (48.17 % of the
cumulative heat amount transferred in MSG).

- The lowest transferred heat amount of the entire analyzed MSG is
used in steam re-heater and amounts 5278.62 kW (12.55 % of the
cumulative heat amount transferred in MSG) due to lower operating
medium mass flow through re-heater when compared to other MSG
components.

- Due to the highest transferred heat amount, evaporator uses the
highest fuel mass flow, which amounts 0.5172 kg/s and causes the
highest specific entropy increase of operating medium (2.2155
kJ/kg-K), when compared to other MSG components.

- The highest operating medium temperature increase occurs in
superheater and re-heater (superheater for 199.67 K and re-heater
for 183.05 K), while the evaporator uses the highest heat amount
but did not increase operating medium temperature (in evaporator
operating medium change its aggregate state).

- Superheated steam, after it leaves MSG superheater, has
characteristics very similar to ideal gases.

- Cumulative heat transferred from combustion gases to water/steam
in all MSG components (in the entire MSG) amounts 42048.47 kW.
Cumulative water/steam specific entropy and temperature increase
in the entire analyzed MSG is 4.5677 kl/kg-K and 454.18 K, while
the fuel mass flow in the entire MSG is 1.0736 kg/s.
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8. Nomenclature

Abbreviations: Greek symbols:

MSG  Marine Steam Generator | 7 efficiency, %

Latin symbols: Subscripts:

h specific enthalpy, kl’kg | EVAP  Evaporator
fuel lower heating

H

% value, kl/kg f fuel

m mass flow, kg/s PL Pipeline Loss

p pressure, kPa RH Re-Heater

Q heat transfer, kW SH Super Heater
specific entropy,

s KI/kgK WH Water Heater

T temperature, K
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Abstract: A multistage filtration system has been conceptualized, designed, and prototyped. The system is suitable for various types of
on-line liquid analyzers. The developed technology resulted to a low-cost, compact, flexible and reliable automatic system that is based on
the use of common, low-cost filters combined with a novel, automatic filters replacement mechanism. A general overview of the device is

provided and the design procedure that was followed is discussed.
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1. Introduction

There is a large number of industries that rely on water or other
fluids periodic quality analysis for meeting regulatory requirements
or for ensuring safety and security for the population. One of the
most typical examples is the drinking-water supply industry. Water
analysis has become mandatory in residential, commercial, and
industrial sectors, and thus water analysis instruments are used for
determining the biological, physical, and chemical properties of
water. Typically, water quality is assessed only in the laboratory.
Samples of water are taken at certain intervals based on diverse
regulations in different countries. Lab-based analysis methods of
water quality are usually more reliable, but they cannot provide
continuous information depicting the real-time data associated with
water quality parameters. To safeguard public health, it is necessary
to employ a system that can detect and respond to the changes
instantaneously. This need has led to the development of real-time
monitoring and on-line analysis of water quality, which has become
a major trend in today’s water analysis instrumentation market [1].
Likewise, the need for on-line analysis of water quality exists in the
food industry and the aquaculture industry. The pharmaceuticals
industry has similar needs and, in this case, not only for water
quality analysis, but also for the analysis of other fluids used for
pharmaceuticals production, such as various solvents.

One of the major problems when dealing with on-line fluid
analysers is sample filtration. In fact, in the aforementioned
examples, the sample cannot be used directly for the analysis. Pre-
treatment is required, including a filtration step. Especially for field
samples, this is critical since field samples are usually more
contaminated than laboratory samples. It is not surprising that
contaminants in field samples are reported to be the most frequent
cause of problems with on-line analysers [2]. Furthermore, for on-
line analysers, sample contamination is also a problem due to the
frequency of the analysis. While a laboratory analyser might
perform 100 tests a month, an on-line plant analyser could do 100
tests a day. Some technical solutions have been developed and used
for overcoming this issue, including self-cleaning filters.
Nevertheless, these solutions are very expensive and large in terms
of size, thus useful only to specific application fields where cost and
size might not be an issue. Most importantly, the lifetime of such
solutions is still limited, while in many cases such filters cannot
guarantee high retention rates.

Our project answers the need of the on-line analysers industry
for a low-cost, compact, flexible and reliable automatic liquid
sample filtering device. The overall objective of the project has
been to design, develop and verify an automated multistage
filtration concept to be used in various types of on-line liquid
analysers. The developed prototype device is based on the use of
common, commercial filters combined with a novel, automatic
filters replacement mechanism and a smart, modular design for
combining multiple filtration steps in a single process.

Herein, a brief description of the device is provided considering
the limitations due to patenting issues. A systematic engineering
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procedure was followed for the design of the system, which is also
discussed.

2. Design procedure

The system was designed, and detailed engineering drawings
were produced using computer-aided-design (CAD) tools. The
dimensional compatibility of the individual parts was confirmed
using 3D assembly models of the overall device. The CAD
drawings were used for manufacturing the prototype through
accurate computer-numeric-control (CNC) machining.

For the system development a systematic engineering design
procedure was followed, as shown in Figure 1. The procedure starts
with the definition of the problem followed by an extensive
background research. A thorough market search was carried out and
the results revealed that such a device does not exist in the market.
It also became apparent that commercially available, filtration
systems installed with on-line analysers need constant maintenance
and filter changing intervention, which causes significant delays to
the overall filtration process. Additionally, some of these on-line
analysers, especially when filter changing has to be done in harsh
conditions, are prone to error. Furthermore, frequent opening of the
device for filter replacement may result to sample contamination.

The next design step was to identify the requirements for the
system and prepare a list of specifications which served as a basis
for the design (see more details below). Based on the design
specifications  alternative  solutions were generated and
systematically evaluated before selecting the most appropriate one,
which was developed in detail. Engineering drawings were prepared
using CAD software. The prototype was manufactured and then
tested following a systematic evaluation procedure (see Section 3).
Along the design procedure it was required to return to previous
steps and iterate through the process until a satisfactory outcome
was achieved.

Design specifications

In general, the system is required to be customizable and
adaptable to various application scenarios. The design process
includes both the mechanical/electrical parts of the system, as well
as the control system. The requirements/specifications also provided
a basis for the testing and evaluation of the developed prototype.
The requirements were grouped into certain categories:

(1) Functional (multistage filtering operation, use of commercially
available continuous filter paper, operation independent of
paper porosity / thickness / manufacturer, compactness and
transportability of device, high reliability.

@

Operational (reliable filter paper feeding, cutting, and disposal
operations).

@)

Usability (easy/quick installation of the device, intuitive and
user-friendly interface, customizable).

(4)

Safety (safety-by-design, electrical and mechanical hazards
both considered).
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(5) General (material selection to meet application requirements
and manufacturability, minimize filter paper waste, labelling of
cables and components for easy reference).

(6) Control/actuation system (use reliable industrial control
electronics and hardware, design to support integration with

external devices and expandability).

Define/Understand Problem |

v

| Do Background Research |

v

| Define Design Specifications

v

Brainstorm & Generate
Alternative Solutions

Evaluate & No

Select “Best” Solution

Solution can
be Improved?

Develop/Analyze
Solution

Build Prototype
Test/Evaluate
Prototype

Design Specs
Satisfied?

Yes

Communicate Solution
& Receive Feedback

Build Final Version

Fig. 1 General Design Procedure used for the design of the automatic
filtering system.

Materials Selection

The materials were selected based on functional criteria (liquid
handling applications), structural requirements, cost and
manufacturability. The main materials that were selected were both
metallic (aluminum and stainless steel), as well as plastic (POM).

3. Description of the device
Mechanical system

The mechanical system is composed of various subsystems that
were integrated together: (i) Structural system (ii) Central
multistage filtering module; (iii) Filter cutting; (iv) Filter advance
and disposal; (vi) Liquids system. The individual parts are
connected together using screws so that the system can be easily
assembled and disassembled. Three motors are required for the
operation of the device and correspond to the new filter supply
system, the filter cutting mechanism, and the filter disposal. Stepper
motors were selected for this purpose. The filter paper cutting is
performed using a blade that is rolled over a cutting board. On the
system it was also included an automated cleaning procedure, which
can be performed between filtering cycles by passing water or other
cleaning liquids through the system. The overall structure of the
system is shown in Figure 2 that includes the mechanical, liquids,
and control subsystems.
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Fig. 2 Structure of the designed automatic filtering system.

Control system

Control of the system is based on a programmable logic
controller (PLC) which is a reliable and robust industrial option.
User interface is implemented through a dedicated touch screen and
a user-friendly, intuitive graphics environment. The user can change
the functional settings, select between manual and automatic
operation, and also test all individual functions of the device. The
use of a PLC allows for flexibility and direct integration with other
devices. The same PLC can also be used for controlling the pumps
that direct the liquid through the filtering system, as well as any
valves that may be involved depending on the application.

The general structure of the PLC-based control system is shown
in Figure 3. The power supply unit provides the required 24V DC
supply to the system. The PLC system comprises the central
processing unit (CPU), the memory (where programs and data are
stored), and the input/output modules. The latter receive sensory
input and send control signals to the actuators (stepper motors),
respectively. Communication with the user is via a touch screen and
the screen menus that were designed for this purpose.

Power Supply Unit

Central Processing
Unit (CPU)

Output
Module

:> Input
Module

Sensors

(limit switches,

optical sensors)

—

Actuators
(stepper motors)

Memory

Program Data

User Communication

Device (Touch Screen)
Fig. 3 Structure of the PLC-based control system of the automatic
filtering system.

3. Testing procedure

Filtration performance is characterized by the pressure drop
across a filter and the filtration efficiency. Given that the specific
device uses commercial filters from reputable manufacturers,
filtration efficiency is ensured. Testing focused on the overall
operation of the device itself under realistic conditions.

Initially, various aspects of the device were assessed including
the safety and the usability of the device (filter replacement and
disposal process, user-friendliness and effectiveness of user
interface). The operation robustness was verified by performing
repeated cycles in automatic mode. Liquid was pumped through the
system using a peristaltic pump, which can supply the required
pressure. It was shown that the device can handle different liquid
samples including sea water.

4. Conclusions

A multistage filtering system was designed, and the prototype
has been developed and tested. A systematic engineering procedure
was followed for the design. It is suitable for various types of on-
line liquid analyzers and it allows automatic filter changes as well
as an automated cleaning procedure. The operation of the system is
user-friendly, and integration with other systems is straightforward.
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Abstract: Electron beam irradiation has the ability to modify polymer substrates by the process of graft copolymerization in order to
synthesize water-soluble copolymers having flocculating properties. The influence of the variation of the process parameters
acrylamide/starch (AMD/St) weight ratio, electron beam irradiation dose and dose rate is investigated. Models of the means and variances
for the dependencies of the quality characteristics (monomer conversion coefficient, residual monomer concentration and apparent viscosity)
from the described process parameters are estimated by implementation of the robust engineering methodology for quality improvement.
Multi-criteria optimization involving requirements for economic efficiency, assurance of low toxicity and high copolymer efficiency in

flocculation process is also presented.

Keywords: GRAFT COPOLYMERIZATION, ELECTRON BEAM IRRADIATION, WATER-SOLUBLE COPOLYMERS,
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1. Introduction

Electron beam (EB) grafting process involves the modification
of the polymer substrates by implementing radiation-induced graft
copolymerization in order to yield water-soluble copolymers for
flocculation processes [1-3]. The advantages of EB induced grafting
process are connected with the ability of the electron beam to ionize
polymers with limited reactivity in chemical processes. The
generation of polymer radicals is performed by clean non-chemical
method, which can be precisely controlled, modified and integrated
into complete process lines and uses low energy. During the EB
graft process the depth of EB energy deposition into materials can
be controlled by the accelerating potential of the equipment, the
composition and the density of the material being irradiated. EB
irradiation grafting is used to develop a wide variety of ion
exchangers, polymer-ligand exchangers, chelating copolymers,
hydrogels, affinity graft copolymers and polymer electrolytes,
having various applications in water treatment, chemical industry,
biotechnology, biomedicine, etc. [4, 5].

Robust (not sensitive to noises and errors) engineering approach
can be implemented when analyzing experiments during which the
variance is non-homogeneous over the factor (process parameters’)
space and when the noise factors cannot be identified nor an
experiment to study them can be conducted [6, 7]. The observations
in this case are called heteroscedastic (variance varies with the
factor levels). On the other hand, many performance characteristics
depend on both quantitative and qualitative factors. In this case
models for the mean and the variance of the quality characteristics
of the product, based on repeated observations and taking into
account the influence of the qualitative factors, can be estimated.
Parameter optimization in terms of obtaining repeatability of the
product parameters and quality improvement by minimization of
variations in the quality characteristics can be performed.

Response surface methodology for the case in presence of both
quantitative and qualitative process parameters should be applied
after some generalizations. The model selection problem is an
important task, because it is associated with the choice of an
experimental design, prediction accuracy of the mean value and the
variance of the performance characteristic in production conditions
or product’s usage, the complexity of the optimization procedures,
etc.

In this paper multi-criteria optimization involving requirements
for economic efficiency, assurance of low toxicity and high
efficiency of the synthesized copolymers in flocculation processes
is presented. Models, describing the dependencies of the means and
the variances of the quality characteristics: y; - monomer
conversion coefficient (%), y, - residual monomer concentration
(%) and y; - apparent viscosity (mPaes) on the variation of the
process parameters: EB irradiation dose, dose rate and
acrylamide/starch (AMD/St) weight ratio are estimated.

2. Experimental conditions

Experimental investigation of the modification of starch by
grafting acrylamide using electron beam irradiation in order to
synthesize water-soluble copolymers having flocculation properties
is performed. The synthesis of graft copolymers was carried out into
two stages:

Stage 1: Preparation of solutions based on starch and monomer,
resulting in various acrylamide/starch (AMD/St weight ratios)
homogenous aqueous solutions - Starch aqueous solutions were
prepared by dissolving corn starch in distilled water. Acrylamide
was added to starch aqueous solution with further stirring and
different acrylamide/starch (AMD/St weight ratios) homogenous
aqueous solutions were obtained.

Stage 2: Electron beam irradiation of the prepared solutions —
the homogenous aqueous solutions, prepared in Stage 1, were
exposed to electron beam irradiation. The irradiations were carried
out at ambient temperature and pressure by using a linear electron
accelerator of mean energy of 6.23 MeV with different irradiation
doses and dose rates.

The synthesized graft copolymers were characterized by the
following performance quality parameters: y; [%] - residual
monomer concentration, y, [%] - monomer conversion coefficient
and y; [mPaes] - apparent viscosity.

The variation regions [Zmin - Zmax] Of the process parameters for
each experiment set are presented in Table 1.

Table 1: Experimental design with one dummy variable

Parameter Zi, min Zi, max
EB irradiation dose [kGy] 0.65 5.50
Dose rate [kGy/min] 0.41 1.50
AMD/St weight ratio 2.00 11.00




HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019

There were 30 process parameter experimental sets and for each
set three replicated measurements are used for estimation of the
means y, . and the variances s of each quality characteristic of the

graft copolymers:
1

(1) Yu :7zyui SS =
n =

where n is the number of replications (n = 3), N is the number of
experimental sets (N = 30).

The observed variations are due to unmeasured and
uncontrolled factors and internal and external noises, as well as
errors in the controlled process parameters, and depend on the
values of the process parameters.

3. Models for the mean and variance of the quality
characteristics
The estimated mean value y,. and s2 variance can be

considered as two responses at the design points, and ordinary least
squares method can be used to fit the regression models of the mean
value and the variance for the quality characteristic [7, 8]:

k

<

@ §©=30,1,()

2

ko
@ nE(x)= X0, (%)
i=1
where éyi and éd are estimates of the regression coefficients, and

f, and £ are known functions of the process parameters x;.

The variance of normally distributed observations has a ,2-

distribution. The use of the logarithm transformation of the variance
function makes it approximately normally distributed, which
improves the efficiency of the estimates of the regression
coefficients.

The models are estimated for the coded in the region [-1+1]
values of the process parameters, using the following equation:

(4) Xi = (2Zi - Zi,max - Zi,min)/(zi,max - Zi,min)

where x; and z; are the coded and the natural values of the process
parameter, correspondingly, zjmin and z; max are the minimal and the
maximal values of the parameter experimental variation region.

The dependencies of the means and the variances of the product
quality characteristics: y; — residual monomer concentration (%), y,
— monomer conversion coefficient (%) and y,; — apparent viscosity
(mPaes) on the variation of the process parameters: x; — electron
beam irradiation dose, x, — electron beam irradiation dose rate and
X3 — AMD/St weight ratio are estimated.

Table 2: Models for the means of the product quality characteristics

2.2543255%,xX3° - 2.8020033x;X5°

0.6779

| n(.s.z(i)) -5.3591952 + 1.6879963x,° + 1.7422987x5* -
: 2.1837351x,° - 1.6195118x,X3 + 2.7501263x:X,>

Models for the means of the product quality R
characteristics

-4.3456957x, + 5.3915161x;% - 1.5283048x,”-

Y1) | 1 3886159%,x, -5.0568769%:xs 0.8913
[ 86.89562 + 34.751905x; - 7.1056848x, -34. 141850%,2+

Y2(X) | 34 945080%, + 33.500225xx5 0.9097
_~ - 2 2 -

> ) | 18341046 - 14872781x, + 15368173 + LAOLTSD o oo

1.3446153x:1x, + 1.1090262X,X3 - 3.1125045X1X3

Table 3: Models for the variance of the product quality characteristics

Models for the variance of the product quality R
characteristics

-8.1907995 - 2.4376459x, -2.0808965x; +

In(32(%)) | 1.2422924x; + 3.3800892x;? + 3.0435881xs% - 0.8520
3.064369x:X
In(2(%)) | -2.0505708x, + 1.1227946x, + 1.3503166x:x,2 + | 0.8670

The obtained regression models are presented in Table 2 and Table
3, together with the values of the corresponding multiple correlation
coefficients R.

These coefficients are tested for significance and their values
are measures of the accuracy of the estimated models. The closer to
1 the value of R is, the better the model describes the variations of
the quality characteristics as a function of the process parameters.
All models have enough high and significant values of their
multiple correlation coefficients and consequently the models are
good for prediction and optimization of the considered quality
characteristics.
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Fig. 1 Contour plots of the mean values of the product quality
characteristics, depending on the variation of EB irradiation dose (z;) and
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the AMD/St ratios (z3) for constant EB irradiation doses z,= 0.955 kGy/min:
a) monomer conversion coefficient - i(g); b) residual monomer

concentration - () and c) apparent viscosity - §_(x)-

In Fig. 1 contour plots of the mean values of the product quality
characteristics, depending on the variation of EB irradiation dose
(z1) and the AMD/St ratios (z3) for constant EB irradiation dose rate
Z, = 0.955 kGy/min are presented.

The standard deviations of the product characteristics are
calculated by the equation:

6 §(x)=ve".

Contour plots of the standard deviations § (x) of the product

characteristics, depending on the EB irradiation dose (z;) and the
AMD/St ratios (z3) for constant EB irradiation dose rate z,= 0.955
kGy/min is shown in Fig. 2. It can be seen that the standard
deviation ’s“z(x) of the process parameter monomer conversion

coefficient (y,(x), %) has the highest values within the
experimental region.
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Fig. 2 Contour plots of the standard deviation of the variance of the product
quality characteristics, depending on EB irradiation dose (z1) and the
AMD/St ratio (z3) for EB irradiation dose rate z,= 0.955 kGy/min for a)
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4. Optimization

Multi-criteria graphical optimization unifying requirements for
economic efficiency, assurance of low toxicity and high copolymer
efficiency in flocculation process is performed. The set of all
performance characteristics’ requirements is the following:

* §1(2)<5% - residual monomer concentration in this

region ensures low toxicity;
. ¥, (%) >90% - monomer conversion coefficient values are

related to the economic efficiency;
. ):/3()() >3 mPa-s - apparent viscosity copolymer values

are related to the efficiency in the flocculation process.
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¢) 2,=1.50 kGy/min

Fig. 3 Graphical optimization — optimal regions of EB irradiation dose (z;)
and the AMD/St ratios (z;) where: § (x) is red; ¥, (x)- blue and V(%)

violet.

Table 4: Pareto-optimization — optimal process parameters, values of the means i (x) and the standard deviation g, (x) of the product characteristics

Ne 7 b2 3 A Y, Vs S, 5, S

1 5.3458 1.0832 2.0041 49985 | 91.3731 | 55340 0.0321 0.1633 0.3206
2 5.0177 0.9880 2.6926 33337 | 947047 | 46124 0.0284 0.2753 0.2181
3 5.1486 1.0500 2.4059 3.9071 | 932699 | 4.8829 0.0269 0.2229 0.2570
4 5.0814 1.0879 2.4617 34793 | 938116 | 45735 0.0215 0.2386 0.2593
5 4.7856 0.5546 4.5061 10922 | 96.0325 | 3.8484 0.0795 1.4995 0.1836
6 4.8009 0.6463 4.1560 15822 | 954245 | 3.9507 0.0602 0.9987 0.1661

Graphical optimization is conducted in order to find the regions
of the process parameters where the requirements for the quality
characteristics are fulfilled simultaneously. The optimal regions are
obtained by superimposing the contour plots of the calculated limit
values of the characteristics, thus finding the section of all the
admissible values of the process parameters. Fig. 5 presents the
optimal values’ regions of the EB irradiation dose (z;) and AMD/St
weight ratios (z3) for EB irradiation dose rate (z,) of 0.41 kGy/min,
0.955 kGy/min and 1.50 kGy/min, i.e. for the lower, middle and the
upper limits of the experimental region.

It can be seen that at middle and highest values of the EB
irradiation dose rate the working region is small and is obtained for
big values of the EB irradiation dose and AMD/St ratios less than 3
or middle values of the EB irradiation dose and AMD/St ratios
more than 9.

From the Fig. 3a it can be seen that the decrease of the EB
irradiation dose rate to z, = 0.41 kGy/min increases the working
area for the EB irradiation dose and AMD/St ratio. There are many
possible process parameter sets, fulfilling the defined requirements.
The choice between them can be done by adding supplementary
requirements or criteria. Such criteria can be, for example, the
minimization of the standard deviations of the product
characteristics.

For improving the reproducibility of the obtained results the
variations of the product quality characteristics should be
minimized. This puts additional requirements for the solutions that
are obtained through graphical optimization. In order to minimize
the variances of the product parameters, multi-criterion optimization
is performed and compromise Pareto-optimal solutions are
obtained. Some of the estimated results are presented in Table 4. If
these compromise solutions are compared two by two, one can note
the property of these solutions — some of the obtained optimal
product characteristic values are better but at least one value is
worse than the one in another compromise solution. The
compromise choice should be made according additional criteria or
requirements or estimated weight coefficients, giving the relative
importance of the optimized performance characteristics.

5. Conclusions

Investigation of the modification of starch by grafting
acrylamide using electron beam irradiation in order to synthesize
water-soluble copolymers having flocculation properties is
performed. Models for the mean values and the variances of the
investigated product quality characteristics depending on the
variations of the process parameters were estimated.

Optimal regions of the process parameters that satisfy the
specified optimization criteria based on the estimated models for the
mean values of the product parameters are obtained by
implementation of graphical optimization.

In order to meet simultaneously the requirements for economic
efficiency, assurance of low toxicity and high copolymer efficiency
in flocculation process the EB irradiation doses (z;) should be
higher than 2.0 kGy, AMD/St weight ratio (z;) should be lower
than 5 and EB irradiation dose (z,) should be 0.41 kGy/min.

Parameter optimization in terms of obtaining repeatability of the
product parameters and quality improvement by minimization of
variations in the quality characteristics is performed. Compromise
Pareto-optimal solutions within the investigated experimental
region of the process parameters are obtained.
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Abstract: In this paper are presented some conclusions on the selection of the LMS to be used. The results of this study give readers
information to make their own decisions when choosing an LMS platform based on the needs of their institution. The process of LMS
selection is a multi-criteria decision-making problem and an Analytical Hierarchy Process (AHP) was used to assist in building the model
and draw decisions. The paper presents an environment “Network technologies for e-learning”(NTEL) using the offered Model for
describing, structuring, and organizing the ontological representation of learning objects through providing a semantic infrastructure.
Strategies and methodologies in ontology development and implementation are also discussed.
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1. Introduction

The main goal of the research is to describe and structure
ontology based learning objects and use for developing a uniform
learning support environment considered with the requirements of
the existing Learning Object Metadata (LOM) of IEEE Learning
Technology Standards Committee (LTSC) [7] and the specification
suggested by the Instructional Management System (IMS) [8].

The most serious problems are caused by the semantic
evaluation process. There is a great variety of LMS. As far as
evaluation is concerned, current platforms may be helpful to acquire
tacit knowledge in organizations, but they do not solve the
problematic of doing automatic semantic information. Thus,
cooperative cognitive processes are not efficient and not found
matching between LOs and student information. This makes the
learning process to be impersonal, and not many users can keep
track properly of their students’ progress [1].

A possible solution might include a component model for
network technologies for e-learning and its applications in NTEL to
deal with this issue.

2. A Component Model for Network Technologies
for e-Learning

The Component model for network technologies for e-learning
was developed on the grounds of the existing standards,
specifications and ontologies for creation, management,
development, and interchange of learning objects and means and the
existing instructional design theory. The key aspects of the learning
support environment “Network technologies for e-learning”
(NTEL) have been presented in the following components of the
model:

2.1. A model for describing, structuring, and
organizing the ontological representation of learning

objects

Figure 1 depicts the composition of the model and the
relationships between its modules. At the top of the figure, the
Learning object is connected to the Metadata and Knowledge. The
Standard Learning Object Metadata (LOM) contains various
metadata describing the learning object. The LOM categories are
connected with module Categories. A learning activity could be
published (using LOM) and integrated in a learning object
instructional sequence. A learning object can be created to be
used in different courses, and its content can be created on
many ways (e.g. using text editor, slide presentation creator,
HTML editors, graphical tool, domain applications, etc.).
Once created a learning object with its ontology-based
content can be included in different courses [3]. We use LOs
when a new instructional design is being constructed.
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Fig. 1 A model for describing, structuring, and organizing the ontological
representation of learning objects

2.2. Standards in Learning Object Ontology

In conformity with the IMS specification the environment
content package includes two components — an XML file describing
the course structure, called imsmanifest.xml and the physical files
forming the course structure.

The XML manifest file consists of the following components:
meta-data, organizations, resources, and a sub-manifest of each
separate environment course. The meta-data are used for describing
the content package and its characteristics in particular. The
characteristics suggested by the Learning Object Metadata Standard
are used in the environment grouped in the following order: general,
lifecycle, meta-metadata, technical, educational, rights, relation,
annotation, and classification categories. The learning objects stored
in the Learning Repository can be found using the metadata. The
organizations component shows the systematization of the course
content. It includes several subcomponents describing the separate
elements of the course. It does not include a description of the
physical files but ensures an information work frame guiding the
user in the consecutive implementation of particular actions.

The resources component describes the physical files used in
the learning course and the relations between them. It shows
features different from the organizations component.

The physical files include the following content: a course
information, a theoretical material, tests, simulations, games, an
interactive editor, and a glossary.

The IMS specification [8] allows placing the content package in
the Package Interchange File. It is a single compressed file which
can be used in different learning systems. By packaging the separate
courses of the learning support environment presented in the
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research they can be used independently in learning management
systems.

Learning Object Ontology

include .- .. include
IEEE LOM IMS Content Packaging
include A
include include
1 1 1
Learning object Leanv;lneinmgdggject Content Package
include include : include
] 1 :
z 3 Manifest $]
Learning Object -
Contents Metadata Phisical
A Files
Otganization
Resources
Questions & Tests
Sub - Manifest

Fig. 2 Standards in Learning Object Ontology

We have designed and implemented a LOM ontology that
establishes an intermediate layer offering a shared vocabulary that
allows specifying restrictions and gives a common semantics for
any application which uses Learning Objects Metadata. LOM aims
at the abstract description of learning objects by providing an
interoperable form and vocabulary for semantic learning
objects description and discovery in repositories. Some of the
technical aspects in the domain and instruction model
provide input for the transformation to LOM. An ontology of
a specific domain for a learning objects repository serves as a
map and suggests paths for retrieving candidate learning
objects to reach a certain objective of learning or teaching

[1].

2.3. Application of Instructional Design for
ontological organization of e-learning

The IMS Learning Design specification (IMS-LD) provides a
model of semantic notation to describe both the content and
processes of units of study. This specification is based on: a well-
founded conceptual model that defines the vocabulary and the
functional relations between the concepts of the LD; an information
model that describes in an informal (natural language) way the
semantics of every concept and relation introduced in the
conceptual model; a behavioral model that specifies the constraints
imposed to the software system when a given LD is executed in
runtime [8].

The Learning Design has a number of components used to
describe the learning process: the execution entities to be carried
out, which can be Activity or Activity Structure (groups of activities
that will be executed in sequence); the Role that participate in the
execution of those activities as instances of the Learner and Staff
concepts; and the Environment that describe the educational
resources to be used in the activities (Fig. 3). These concepts
constitute an exhaustive and disjoint partition, because an instance
of a component must necessarily be an instance of one of its
subclasses.

The Learning Design is related to the Method concept, which
describes the dynamics of the learning process (Fig. 3): a method is
composed of a number of instances of the Play concept that could
be interpreted as the runscript for the execution of the unit of
learning. All the play instances have to be executed in parallel, and
each one consists of Act instances, which could be understood as a
stage of a course or module. The Act instances must be executed in
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sequence (according to the values of the execution order attribute),
and they are composed by a number of Role Part instances that

will be executed concurrently. A Role Part associates a Role(s) with
an execution entity to be carried out in the context of the act. Every
execution entity requires an Environment, which manages Learning
Objects as resources The execution of an act consists on the
simultaneous participation of roles in an activity or group of
activities, and once the activities are completed, the associated roles
could participate in the execution of any other activity through
different role part instances. The Activity has two subclasses: the
Learning Activity and the Support Activity. A Learning Activity
includes an educational activity that uses a relation with the
Prerequisite and the Learning Objective. The Support Activity is
introduced to facilitate a learning activity [6].
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1 i I biective-ty
g-0bj

play

identifier

identifier

designed towars

isvisible

complete-play

'

act

identifier

isvisible

complete-act

set

using

10

Environment

e

Activity

Activity-Structure

identifier identifier identifier identifier

title invisible

title

number-to-select invisible

create-new sort

environment - type

match- persons visibility-order description

maxpersons structure-type complete-activity-condition

min-persons title on-completion-description

\ |[stage-type activity-type

—

Learning object

level visibility-order

sequence

environment-type = LO
status

title = learner

‘ Staff |

type

Senvice
type = senice

Fig. 3 Application of Instructional Design for ontological organization of e-
learning
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2.4. Web based learning support framework with
scaffolding

The processes of supporting e-learning are presented on the
fig.4.

Scaffolding

‘ Performance of learning task ‘

I Time support
‘ Monitoring ‘ Initial support:
I Suppeort during
- I the performance
‘ Support I ofa task:

Supportangled at
reflection.

.

Support by people Supportby technologies

e Self- support; e e-mail;

e Expert-support; e video and audio
e Peer—support; conferences;

e Team-support. ¢ discussion forum;

virtual
classrooms;
tutorials;
graphs. diagrams

Fig. 4 Web based learning support framework with scaffolding
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The support has been an effective and intensive way for
individuals on users group to learn about the consequences of his
behavior, for users group to improves its effectiveness, and for
organization to monitor learner progress. Users receive on-going
support from their personal tutor. When problems in task
performance are expected and known beforehand, place support for
these problems in the learning environment, so that the NTEL
instead of the mentor becoming the main source of just-in-time
support.

These decision aspects, provide a model for the categorization
of learning support used in this research.

2.5. A model for E-Learning Network
Technologies

The LMS must be guided by instructional design approach. This
model (fig. 5) is theoretically motivated by socio-cultural approach
and cognitive apprenticeship model for each element of the learning
environment. While each form of scaffolding provides support, each
differs in the level of social support, collaboration with peers and
type of feedback offered. These forms of scaffolding with
technology researchers are now developing more principled and
innovative forms of instructional design to guide the process.

. Scaffolding
Modeling

| . Application of E-Learning s :
H s th H
: Instructional Netweork Technologies upportby :
' Support Technologies :

Articulation and
reflection
Exploration

Fig. 5 A model for E-Learning Network Technologies

3. A multi-criteria decision-making approach

In recent years, most educational organization have preferred to
use open source LMSs. They have to decide which LMS is suitable
for them. Problems have been experienced when determining the
features to be considered in selecting the most suitable LMS for
their institutions due to the high number of LMSs available with
different specifications. This has created a multi-criteria problem,
which can be solved using a multi-criteria decision making
approach (MCDM) [5].

Table 1 Summary of applications of the DM techniques [4]

Meon | e T o
AHP 128 32,57%
ELECTRE 34 8,65%
DEMATEL 7 1,78%
PROMETHEE 26 6,62%
TOPSIS 45 11,40%
ANP 29 7,38%
Aggregation DM 6 11,70%
methods

Hybrid MCDM 64 16,28%
VIKOR 14 3,56%

The selection process is based on a literature review and
classification of international journal articles from 2000 to 2014 [4].
MCDM provides strong decision making (DM) in domains where
selection of the best alternative is highly complex. MCDM method
has been applied to many domains to choose the best alternatives.
Where many criteria have come into existence, the best one can be
obtained by analysing different scopes of the criteria, weights of the
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criteria, and the selection of the optimum ones using any MCDM
techniques. Table 1 shows frequency of MCDM techniques and
approaches. Based on the results presented in this table, a total of
393 studies have employed DM techniques and approaches. Table 1
and fig. 6 shows that AHP method (32.57%), and its applications
have been used more than other tools and approaches.

Aggregation DM methods
ANP
TOPSIS
PROMETHEE
DEMATEL
ELECTRE
AHP
0 50 100 150
Hybrid VIKOR;
|\1/|6(;§3|(\)2_\ /_ 3,56% 3';‘};;’%

Aggregation

DM
methods;
11,70%
ELECTRE;
ANP; 7,38% 8,65%
. DEMATEL

ToPsIs; _/ PROMETHE | 740
11,40% E6,62% (670

Fig. 6 Frequency of MCDM techniques and approaches

Steps of LMS selection process of effective system are [2]:
determination of the affecting criteria,questionnaire collection and
statistical analysis, weighting these criteria, evaluation of the entire
performance according to these weighted criteria. \WWe compare
three LMS (Sakai, Moodle, NTEL) with AHP Process. The
evaluation criteria used in this study are: usability, accessibility,
compatibility, evaluation tools, portability, reliability, sustainability,
and user satisfaction. Reveal that which LMS is best, when altered
the weight of evaluation criteria values for main object. According
to giving priority to criteria weight, the application allow to find
best choice (NTEL) and worst choice (Sakai) from all results
shown in fig. 7.

Moodle
60%

50%, 1
409
30%/

NTEL <~ = Sakai

Fig. 7 Comparison of LMSs

NTEL provide instructors with support for activities, such
as preparation of learning content, structuring and
organization of the content in accordance with the chosen
teaching strategy, interactions with coordination of users’
activities using online communication tools, that allows




HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019

learners to collaboratively create and share knowledge. The
information coming from users, for instance, how other users
have tagged or commented a piece of learning content is an
important factor in increasing learner interest.

4. Conclusion

In this paper, we present a learning design ontology based on
the IMS LD specification and the LOM standard for metadata. In
ontology, the IMS LD elements are modeled in a concept taxonomy
in which the relations between the concepts are explicitly
represented. The model suggested for structuring the learning
objects can be applied as a whole or in separate parts of the learning
assistance media which can be set by the teachers themselves
without the intervention of the development teams.

The structures obtained as a result of the model application can
be very useful at the development of learning management systems
through developing a uniform “frame” of the system and its
including in a particular semantics can be done later.

It is so important to carry out all types of comparisons,
presenting the strengths and weaknesses of the different LMS.
According to the AHP method the best solution seems to be the
NTEL system.
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PERSPECTIVE DEVELOPMENT TENDENCIES OF ELECTRON BEAM
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Abstract. Perspective development tendencies of electron-beam technology in precise instruments industry were introduced and after them
the following results were obtained: 1. Capacity expansion of electron-beam technology in the optical-electronic instruments industry for
obtaining high-quality curved surfaces and the creation of functional microprofiles on them of different geometric forms. A new method of
more accurate and reliable processing of curved surfaces of optical elements (concave, buckled, spherical, cylindrical, etc.) was developed
for this purpose. 2. Electron-beam surfaces processing of elements from piezoelectric ceramics. Modern production technologies of
piezoelectric products are based on the known methods of mechanical, chemical and chemical-mechanical processing of the surfaces of
piezoelectric materials, in particular ceramics. The main drawback of these methods is the impossibility of getting high electromechanical
and strength characteristics of products from piezoelectric ceramics, which requires additional processing of these products. Electron-
radiation technology was used to exclude the mentioned negative defects on the surface of elements from piezoelectric ceramics. 3. Electron-
beam processing of nanosized oxide coatings on optical elements. Nanosized oxide coating, which represent the composition of oxides SnO,,
Bi,O3, TiO,, ZnO, SiO,, Al,O3 are applied for improvement of wear resistance, reduction of radiation and convective components of thermal
losses on optical elements of precision instruments industry. Thus, the resulting coatings are heterogeneous, contain hidden microdefects
(cracks, chips, etc.), the surface contains significant microroughnesses and low microhardness, etc. All this reduces the performance
characteristics of these coatings. Their electron beam processing was used for elimination of the mentioned shortcomings and improvement
of the quality of these coatings.

Keywords: ELECTRON-BEAM TECHNOLOGY, PRECISION INSTRUMENTS INDUSTRY, PIEZOELECTRIC CERAMICS,
NANOSIZED OXIDE COATINGS ON OPTICAL ELEMENTS

1. Introduction ) )
2. Results and discussion
The modern level of development of precision instrument

industry claims increased requirements to the performance Expansion of the possibility of electron-beam technology in the

characteristics of their elements: microhardness of the surface;  precision instrument industry for obtaining high-quality curvelineal
spectral transmission coefficient; resistance to external thermal and  syrfaces and creation of functional microprofiles of different

mechanical ~shocks, etc., which influence technical and  geometric forms.

performance characteristics of devices (pulse laser devices of For this purpose a new method of more accurate and reliable
sighting complexes, laser medical devices, infrared devices, etc.)  processing of curvelineal surfaces of optical elements (concave,
[1-5]. convex, spherical, cylindrical, etc.) was developed (Fig. 1, 2) [13].

Wide use of traditional methods concerning preparation and 1 )
processing of surfaces of elements (mechanical, chemical, 5, 31 N Sy 1 Sy
chemical-mechanical) showed that it is impossible to get | I I 1 1 1 3 I 1 1 I ’I 1 I 1 Ji\] I I I I I
simultaneously clean and flawless surface, and also flawless k |
surface layers, which leads to deterioration of technical and
performance characteristics of optoelectronic devices [1, 10-12].

As the practice has shown, the most convenient, ecologically
friendly and easily controlled method of elements processing is the
electron-beam method. Application possibilities of moving electron
beam of tape form were shown for polishing elements from optical
glass and receiving high purity surfaces with minimal roughness, as
well as for strengthening elements from optical ceramics and
obtaining surfaces with increased microhardness and thickness of
strengthened layers by tens of microns [1, 6-9].

Thereat, the lack of research in the following perspective

directions prevents further expansion of application of electron- Fig. 1. Scheme of processing method of curvelineal surfaces of
beam technology in precision instrument making. These directions  gptical elements with the help of the system of discretely placed
are: fixed electron beams (1): concave (2) and convex (3) surfaces;
- electron-beam processing of curvelineal surfaces and  semij-spherical (4) and cylindrical (5) surfaces; So, Si,... — the
creation of functional microprofiles of different geometric forms; system of electronic beams, which are located at different distances
_ - ¢lectron-beam processing of surfaces of elements from |/ = ¢, 7, ...) from the processed surface; w, V — angular velocity
piezoelectric ceramics; ) ) ) of circulation of the half-spherical element and the advance rate of
- electron beam surface processing of oxide coatings on  the cylindrical element in the processing area, which provide the
the elements from optical materials. distributed thermal influences on their surfaces.
Therefore the purpose of this work is to present the preliminary The point of this method is the following (fig. 3): the

results of researches on the specified directions, confirming their  cyrvelineal surfaces of optical elements are placed at distances ||
development prospects for precision instrument-making. . .
(j=21,N, N— the number of beams) from the system of discretely

placed occasional electron beams (Sg, Si...., Sn), Which provide the
specified distributions of thermal influences on the surfaces of
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optical elements: concave and convex surfaces; spherical and
cylindrical surfaces. Semi-spherical elements, for example, can
move in the processing area with angular speed of rotation of «,
— with the feed velocity of V.

Sy

11

cylindrical

|
|
|
|
|
|
|
|
|
B

N X, S

Fig. 2. The scheme of creation F'9- 3. Schematic
method of functional ~ "ePresentation . of
microprofiles on the surface of a_ppr_oxmatlon to the given
optical elements of complex distributed thermal
geometric shape with the help of influence F(x) along the

the system of discretely placed gyrface of the optical element

fixed electron beams: 1 — of the totality of discretely
specified microprofile on the placed stationary  sources
surface of the element that is . —

obtained through its processing Sj (i=1N) of thermal

by the ~ system of occasional jnfluence of Gaussian type
electron beams sg, Sy,... S, with

different parameters; 2 — ‘D(X)'

complex spread  thermal

influence along the surface of the
element F(x), which must be
realized by optimizing the
parameters of beams and their
quantity.
According to the probing results the distribution of the density

of thermal influence of j-( j=1,N) of electron beam along x
coordinate of the processed surface of the element is described by

Gaussin law:
—k x S
s (1) )-o il
B\/7 Jlerfia”i

erf( ”}\/, ! e_t dt (2)

where B is the width of electron beams (B = 6:107...8:10% m); L,
koj are currents, accelerating voltages and beam concentratlon

arj (r = 014)

YJ’
coefficients: k.=t —a . +a 1 +a, | +agi-l
» 507, 27%j AT T Lyj+agj ity

7j

are empirical constants.
The amount of discrete sources N and parameters 1, V,; ta |

(j=21,N) are chosen such, that the approach to a specified
distributed thermal influence F(x) along the surface of the optical
element by the totality of discretely placed fixed sources s;
(j=1,N) of thermal influence of Gaussian type @(x) would be
minimal:

2 3
ko 1 x| s-)z .
S= ko 1,;.1;)-67% tidil-sy -F(x min
E\{B Jz _1erfia”i 0 () %N,l,;,-,
Vyjdj

As a result of the conducted numerous experiments for the
defined distributions of F(x) (uniform, parabolic, hyperbolic, etc.)
it is found that, for example, for N = 5...7 the approximation of the
total @(x) from the occasional beams to the specified F(x) is
reached within 3..5 % in real-time. It is also shown that by
increasing the number of sources of electron beams (up to 50... 70)
high accuracy can be achieved (relative error to 10™...10%) and
compliance with the specified distributed thermal influences along
the processed curvilinear optical elements of the specified
geometric shape.

Using the obtained dependencies (1) — (3) one can technically
implement the developed method in the form of automated control
system of technological process of electron-beam processing of
surfaces in optical elements of different geometric forms and
creation of functional microprofiles on them.

Electron beam processing of elements surfaces from
piezoelectric ceramics.

Modern production technologies of piezoelectric products are
based on the known methods of mechanical, chemical and chemical
processing of the surfaces from piezoelectric materials, in particular
ceramics.

The main drawback of these methods is the impossibility of
getting high electromechanical and power characteristics of
products from piezoelectric ceramics, which requires additional
processing of these products. Thus, the imperfection of surfaces and
the presence of micro and nanodefects in piezoceramic imposes
restrictions on the effectiveness of the whole element base of
piezoelectric elements of microtechnics. Above mentioned electron-
beam technology was used to exclude the mentioned negative
defects on the surface of elements from piezoelectric ceramics.

In the result of the conducted researches on the samples from
piezoelectric ceramics IITC-19 brand (disks with the diameter of
3,5-10° m, 10 m thick) it was established, that microroughness of
the surface decreases from 120...160 nm (fig. 4 a, b) to 95...105
nm (fig. 5 a, b) by electron beam prom(nzessing.

E o -

=4

g \’

=

o

s ®

@2

P \

@

S w

5 \

o

=

o

5 N

= 0 1 2 3 4 5 6 7 8 9 101 1213 14 15
length of the A-B profile, um

b)

Fig. 4. Topogram (a) and the profile along 4 — B line of the
scanned area (13x13 um) (b) of the piezoceramic element, which is
not processed by electron beam.
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Fig. 5. Topogram (a) and the profile along 4 — B line of the
scanned area (13x13 um) (b) of the piezoceramic element, which is
processed by electron beam.
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Fig.6. Surface of piezoceramic element before (a) and after (b)
electron beam processing.

It is shown, that after electron-beam processing there is a
reduction of surface voidage of the piezoceramic element (Fig. 6):
the average size of the voids of the output element is 15... 20 um
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and after electron-beam processing it decreases by 5... 8 um. At the

same time there occurs a removal of individual micro-and
nanodefects on the surface of elements (up to 5... 10% microcracks
with width to 5..7 pm and up to 50.. 60% of voids), its
microhardness increases by 0,5... 0,8 MPa. This results, finally, to
the increase of their exploitation term, the increase of the
electromechanical connection coefficient, the increase of the
piezoelectric module and other operational characteristics.

Electron beam treatment of nanosized oxide coatings on the
optical elements.

Nanosized oxide coatings, which represent the composition of
oxides Sn0,, Bi,0s, TiO,, ZnO, SiO,, Al,Os, are applied on the
optical elements of precision instrument industry to improve wear
resistance, reduction of radiation and convective components of
thermal losses.

One of the methods of obtaining such coatings, which is widely
used, is the method of thermal-vacuum deposition of materials,
which allows to get nanosized (< 100 nm) coatings in the form of
separate layers. The resulting coatings are heterogeneous, contain
hidden microdefects (cracks, chips, etc.), the surface contains
significant microroughnesses and low microhardness, etc. All this
leads to a decrease in the performance of these coatings: their wear
desistance decreases; the reflection coefficient in low temperature
infra-red area and in the area of visible radiation reduces as well,
etc.

For elimination of the mentioned drawbacks and improvement
of the quality of these coatings, their electron beam processing was
used.

As a result of conducted researches on the samples from optical
glass K8 (the plates 6:102 m long, 3:102 m wide and 4-10° m thick
were used) it was found that after electron-beam processing of
oxide coatings negative microdefects are not observed, and
microroughnesses decrease from 30... 35 nm to 9... 15 nm (fig. 7,
8).

Conducted researches of the microhardness of the surface of
optical elements with oxide coatings have shown its increase after
electron beam processing: from 21,5...17,5 GPa to 24,9...23,7 GPa
for Al,O; coating; from 13,1...9,3 GPato 15,9...14,7 GPa for ZnO
coating; from 3,5...2,3 GPa to 7,1...6,3 GPa for TiO, coating (fig.
9). Thus for coatings, processed by electron beam, the influence of
their thickness on to value of the microhardness surface diminishes
:t‘)y 30...40 %.

m

=
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a) b)
Fig. 7. Topogram of the surface area (13x13 um) of the optical
element with TiO, coating before (a) and after (b) electron beam

processing.
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Fig. 8. Topogram along 4 — B line of the surface area 13x13 um)
of the optical element with TiO, coating before (1) and after (2)
electron beam processing.
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Fig. 9. Dependencies of surface microhardness of optical elements
with oxide coatings Al,Oz (1), ZrO, (2) and TiO, (3) from their
thickness: — after electron beam processing; — — — —
before electron beam processing; A, o, o, A, m, ® — experimental
data.

It is also found that after electron-beam processing of oxide
coatings on the optical elements the term of their exploitation
increases by 20... 30%. At the same time voidage of surface
decreases by 5... 10% and their wear resistance rises up to 7... 12%.

3. Conclusions

Thus, in the spotlight of modern new technologies used in the
optical-electronic instrument-making, electron-beam processing of
elements from optical glass and ceramics, elements from
piezoceramics, as well as optical elements with nanosized coatings
from metal oxides is defined as potentially capable for quality
processing of flat and curvelineal elements, obtaining functional
microprofiles on their surfaces with the help of electronic beam
system, which can be used as element base in microoptics,
integrated and fiber optics, optoelectronics, functional electronics
and other areas of precision instrument industry.
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TRENDS IN MOLYBDENUM GLOBAL PRODUCTION AND CONSUMPTION
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Abstract: An analysis of the historical and current state of global production, processing and consumption of molybdenum ores and their
products is presented. The trend of running low of global molybdenum ores will generate a high investment prospects in search,
investigation of new productive deposits and construction of new production and processing facilities and the search and development of
new technological approaches for recycling and processing of raw materials. New possibilities for production of molybdenum with low
content of gases and other impurities are also presented both by refining of enriched and separated natural concentrate and by processing of
metal waste from metallurgical production and mechanical treatment.

Keywords: MOLYBDENUM, RAW MATERIALS, PRODUCTION, PROCESSING, HIGH PURITY MATAL, ELECTRON BEAM

1. Yeoo

Ipexoguusr enement Moian6aeH (Mo) IpHHAIUISKH KBM IPy-
nara Ha TPyJIHO TONMMUTE U Jierupanu peaku eixements (B, Ti, Zr,
Hf, W, Mo, Ta, Nb u V), KOUTO B IPOMHIIIICHOCTTa C€ U3MOJ3BAaT,
OCHOBHO KaKTO KaTO YHCTH METAJH, Taka M KaTO JETUPAIIH KOMIIO-
HEHTH, B CIUIaBUTE HA YEPHUTE W LBETHHUTE MeTanu [1]. MeTtampT
MpuTeXaBa peauIa crenupuIHn (HU3NKO-MEXaHWYIHH CBOMCTBA,
KOHUTO ONpPENeAT LIMPOKOTO MYy INPHWIOKEHHE NPEeau BCHYKO 32
WHXXEHEPHHU 1IeNH, ITO0-BAKHUTE OT KOMTO Ca: BUCOKA TeMIepaTrypa
Ha Torene (2623 °C), HUCHK KOEDUIMEHT HA TEPMUYHO pasIIHpe-
HUE (4.8.10'6/K npu 25 °C), Bucoka TepmuyHa nposogumoct (138
W/m.K npu 20 °C), He3HAUMTENHO HAISTaHe HA HErOBUTE Iaph
(1900-2000 °C), BHCOKa SIKOCT Ha OIBH M CTOWHOCT HAa MOJyJa Ha
€JTaCTUYHOCTTA (329 GPa), CPaBHUTEIHO BHCOKA
enekrpornposoaumoct (2.107 S/m nipu 20 °C) u ap. XapakrepHu 3a
MonmbaeHa CBOicTBa ca W BHCOKaTa KOPO3MOHHA YCTOWYHMBOCT,
CBBMECTHMOCT CBC CBCTaBKUTE€ Ha CTBKJIOTO, HHEPTHOCT IO
OTHOIIICHWE HA a30Ta, BBIVICPOJHUS JHUOKCHA M JHCOLMHMPAH
amousk (mo 1100 °C), ycToWuMBOCT Ha CsApHA, COJHA W
(1yopoBOOpOIHA KUCETNHA, AJIKATHA Pa3TBOPH M TEUHH aJKaJIHU
MeTaJi, MarHe3ui, )KuBak, OMCMyT U Jp. Te3u cBOWCTBA OMpenensT
IIMPOKOTO TIPHIOKEHHE Ha MeTala B pPa3IWYHH 00JacTh Ha
HHIYCTpHUATA: HYepHA W I[BETHA METAIyprus, eJIeKTPOHMKa,
eJIEKTPOTEXHHKA, XUMHYECKa MIPOMHIILICHOCT,
CTBKJIONIPOU3BOJICTBO, MPUOOPOCTPOCHE, CaMOJIETO- M PAKETOCTPO-
eHe, MeauuuHa W nap. [2-7]. Karo nerupam meran mMonuOAeHBT
npmlo6msa BCE€ IO-3HaYMMa pOJid B CbBPEMEHHATA WHAYCTpHUAJIHA
TEXHOJIOTHS, M3MCKBAIllAa MaTepUalld, U3IbpiKallM Ha paboTa npu
BHCOKH HaINlpe)XeHHUsI, HaJIsraHe, TEMIEepaTypy U CHIIHO KOPO3HOHHA
cpenma. Illmpoxo pasmpocTpaHeHaTa ynoTpeba Ha MONHOACHA B
METaTypTrHYHUTE TPHIIOKEHUS ce IBJDKU Ha HeTroBaTa e(heKTHBHOCT
KaTo JIETHPAI eJIEMEHT, KOWTO He € WyBCTBHUTEIEH KbM OKHCIISBA-
HE, TOM ChIIIO IMOBHIIIaBA MECXAHHUYHUTEC CBOMCTBA Ha CIIJIABUTE,
YKpernBa TBBPJMTE Pa3TBOPH M MOA0OPsBA TAXHATA U3APBKINBOCT.
[IpuOIM3HUTETHO JIBE TPETH OT MPOU3BEICHUSI MOJIMO/ICH CE U303~
Ba 3a MPOM3BOJCTBOTO Ha CILIABH, JIETUPAHH CTOMaHU M CyMepcIi-
naBu. HepbxknaemuTe MONMOZEHOBH CTOMaHH C HEoOXoxmMMaTa
SKOCT ¥ KOPO3WOHHA YCTONYMBOCT HAMHpPAT NPHIOKCHHE BBHB
BOJIOPA3MpEeUTEIHUTE CHCTEMH, 00OpyIBaHE 3a HPOU3BOICTBO
Ha XpaHU U XMMHKAJIH, KAaKTO ¥ 3a GUTOBO, MEAMHIMHCKO M Jabo-
patopHO obopyaBaHe. MonuOIEHOBUTE JIETUPAHU CTOMAHHU C BUCO-
Ka SIKOCT M TBBPJAOCT CE U3MOJI3BAT 3a MPOH3BOACTBOTO HA aBTOMO-
OMIHM YacTH, TEXKKO CTPOMTEIHO 00OpyABaHE M KOHCTYKIIHH,
Ta30MPEeHOCHN TPBOM M Ap. JIpyru 3HAUMTENHM TNPUIIOKEHHUS Ha
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Monub/icHa ca B TMPOM3BOJACTBOTO HA OTHEYIOPHH MaTepHaid U
000py/IBaHE U B MHOKECTBO XUMHUYHH TPUIIOKCHUS, BKIFOUUTEITHO
KaTali3aTopy, CMa304YHU MaTepHald W MHUIMeHTH. Haii-BakHute
MPUIOKEHHS HAa MOJIMO/ICHA 32 KpaliHa ymoTpeOa B MHIYCTPUSITA ca
B Hedro/razoBa, xuMuuecka/ HeQTOXMMHUYECKA, ABTOMOOWIHA,
npepaboTBaTeNHA ¥ €HEPruiiHa MPOMUILICHOCTH M MalIMHOCTPOE-
HE.

CTpyKTypaTa Ha CBETOBHOTO MOTpeOJieHHE Ha IBPBUYEH MO-
mubaeH (0T pyda) W MPHUIOKEHHETO Ha KpallHUTE MOJHOICHOBH
NPOAYKTH B HHAYCTpHUsITa € pe/cTaBeHa B tabmuia 1 [8,9].

Tabnuya 1: Cmpykmypa na ceemognomo nompebdienue na nbpeuden mo-

AUbOeH u npunodxcenuemo my 8 undycmpuama sa 2016 2.

IoTtpedaenne Ha % Ipnioxkenne Ha MoJINO1eH %
IbPBHYEH MOJING/IEH B HHIYCTPHATA
0OHB U IIPOU3BOACTBO Ha
060 crTaBu 22 A P n 17
He(T ¥ ra3
Xumuyecka u
Hepbxnaemu ctomanu 19 HeTOXUMHYECKa 15
MPOMHIITIEHOCT
HHcTpyMeHTanHu 9 ABTOMOOWMITHA 13
CTOMaHN MPOMHIIITICHOCT
Brriepoman cromMann 8 MammHoCTpOoeHe 13
IpepaborBarenna
Yyryn 8 pep 9
MPOMHIIIIIEHOCT
Karanuzaropu 8 Enepruiina mpoOMHIILIEHOCT 8
Mo MeTan/cuiaBu 7 Jpyr TpaHcropT 8
Cynepcrniasu 4 CTpouTencTBo/KOHCTPYKIUN 6
Cma30ouHHN MaTe- 3 Kocmudecka nmpoMHUIIIEHOCT 3
pHUaIi/IUIrMEeHTH u oTOpaHa
Jp. xumukamu 1 Enextponuka/menuuuna 2
Apyru 11 Apyrn 6

Tlorpebnennero Ha MommbzaeH ce yBenmuasa u cropexn Roskill
Information Services Ltd. HapactBanero me mnpoasku [10].
Cnopen  International ~ Molybdenum  Association  (IMOA)
CBETOBHOTO MOJMOAEHOBO noTpedienue 3a 2015 . e 231.4 xu. t, a
3a 2016 r. napactBa mo 232.5 xun. t (International Molybdenum
Association, 2017). B cBeroBen Mamad mno mnoTpeOieHue Ha
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monubnen Kurait 3aema mepBo msicto, criensan ot EBpoma. Camo 3a
mBppBOTO TpuMeceune Ha 2018 r. Te ca KOHCYyMHpalM CHOTBETHO
21772.43 t Mo u 16645.84 t Mo [11]. TTonacrosiiem Kutait okassa
Hail-TONIMO BIMSHHE BBPXy I[a3apa Ha MONHOAEH, TBHH KaTo
pasmoyara ChC 3HAYMTENHH MOIMHOCTH 3a IIpepaboTka Ha
MOJMONCHOBUTE KOHIIGHTPAaTH M EKCHOPTeH MOTEeHOWal Ha
MOJINOCHOBH IIPOTYKTH.

Cnopen onenkure Ha British Geological Survey [12] Ha xuMn-
YECKHUTE €JIEMEHTH WM TPYIH €JIEMEHTH ¢ MKOHOMHYECKa 3HAa4H-
MOCT, MOJIMO/ICHBT € OIPEAENICH ChC CPABHUTEIHO BUCOK HHACKC 32
PHUCKOBA JIOCTaBKa ChC CTOMHOCT 8.1 mpu cKaia OT eJHO 10 JAeceT.

2. Cyposunna 6Oaza, pecypcu u 3anacu, MuHHO
npou3e00cmeo
Hoxka3zanute MonubaeHoBu pecypeu 3a 2017T. ca oleHeHH Ha
okoJio 25.4 muH.t Mo, a obmuTe 3amacu [13] Ha okoso 17 MuH.t
Mo. 3a nBajieceT TOAUIICH MEPUO] 3aMacuTe ca ce yBeamdmnn 3.1
IBTH, KOETO MOKa3Ba 4Ye ¢ U3BBpIlcHa 00eMHa Thpcella, IPoyyiBa-
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Kalus, ONpeaelisAiia CKOPOCTTa Ha M3TOL[ABAHE HA MUHHUTE 3aIacH
[14,15], monubaeHoBHUTE 3amacu ce XapakTepusupaT ¢ yMepeHa 10
BHCOKa CKOPOCT Ha M3TOILIAaBaHE, IPU KOWTO MHAEKCHT HA H3IION3-
BaHe Ha 3amacure (UU3, %) e mo-romsam ot 1.7 %. 3a nBagecet
rogumHus nepuon N3 vamanssa 1.3 meTH, HO € cbe cTOHOCT 1.7
% 3a 2017r. u 2.3 % 3a 1997r. MuHepanHo-cypoBHHHaTa 0a3a Ha
MoMOaeHa ce XapaKTepH3Hpa C BHCOKAa CTENCH Ha KOHIEHTpaIUs
Ha 3amacuTe. CpaBHEHHETO Ha 3amacuTe Mo CcTpaHu 3a 1996r. u
2017r. nageHu Ha ¢ur.2 mokasBa, ye MMa MalladHO Mpepasnpene-
JIEHHE B CBETOBHHUTE MOJIMOIeHOBH 3amacH. 3a 2017r. okono 95 %
OT CBETOBHMTE 3allaCH Ca ChCPEJOTOUCHH B IIET CTPAHHU C ASIOBO
yuacrue 49.1 % 3a Kuraii, 16 % 3a CAILL, 13 % 3a Ilepy, 10.6 % 3a
Ynm u 5.9 % 3a Pycus, noxato 3a 1996r. oxono 95.5 % ca cbepe-
norouenn B 7 ctpanu - CAILl 49 %, Ywmm 20 %, Kuraii 9.1 %,
Kanana 8.2 %, Pycus 4.4 %, Ilepy 2.5 %, Ka3zaxcran 2.4 %. Haii-
TOJsIMO yBENMYCHHE Ha 3alacuTe 3a IepHoja ce HabirogaBa B
gyetupu ot ctpanute — Kuraii 16.6 mety, [lepy 15.7 nbtu, Yunu 1.6
nbTd 1 Pycust 4.2 mpT.

800000
700000
600000
S00000
400000
300000
200000
100000

MuHHw zanacwu, L.E+01 Mo

Que. 1 CeemosHu MunHY 3aNACU U NPOU3BOOCNEO HA MOTUOOEH.

-

2010
2011
2012
2013
2014
2015
2016
207

FognHa
= === MuwHHO nponaeocgcTeo, t Mo

MNepy Pycus
25% 44% "

L

_YaBekucTan

MoHronus
1%

Mexkeuko __ 0,5%
16% >~ \
KasaxcTaH__
2,4%
Wpan _—
0,9%

~—

Kurait_~~
1%
9,1% Al
49%

Yum _——
20%

Kanapa_/ 1996 roauHa

— Apmerus
8,2%

0.4%

YabekucTaH _

_Typuws
Pyews____ 0,4% \ _~—
g

0,6%
. __16%

5,9%

Mepy

13% __ ApKeHTUHA

- -0.6%
Apmenns

" 09%

MoHronus
0,9%

“_Kawana

9
Mekcuko — 0,9%

0,8%

/
WUpan /
0,3%

\_Yunm
10,6%

Kurait _~
49,1%

2016 roauHa

Due. 2 Pasnpedenenue na céemosnume MuHHU 3anacu na moauooen 3a 1996e. u 2016e.

K®M ocHOBHHETE TeO0JIOTO-TIPOMHUIIIJIEHU THUIIOBE MOIII/IGI[CHOBI/I

HAaXOMINAa €€  OTHACAT  IUIYTOHOICHHO  XHJPOTEPMAIHHTE
(uokBepKOBH  MOJMOAEH-MOPOUPHM M MEIHO-MOJIHOACH-
nopdupHH),  CKapHOBHTE, W  Ipeii3eHOBHTE  (Ipeii3eHOBO
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IIOKBEPKOBH, I'PEH3EHOBO JKMJIHU M KBapIoBO >XWiIHM). OCHOBa Ha
MHUHEpAJIHO-CypOBHHHaTa 0a3a Ha MOIMOZEHOBUTE pYIH ca
IUIyTOHOTCHHO ~ XMAPOTEPMAJHHUTE HAXOAMWINA, B KOMTO €
cbepenoToueHo 96.4% oT cBETOBHHTE MONMOAEHOBM 3amacH (Hasx
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70 % B IITOKBEPKOBHM MeAHO-MONIMOAEHOBU nopdupHK 1 Hax 20 %
B INTOKBEPKOBH MONMOACH-OpupHH) U ca ¢ Hai-roiasiMo
UKOHOMHYecKO 3HaueHue. CkapHOBUTe Haxoauiia 3aemar 2.9 %, a
rpeiiseHoBute 0.7 % OT CBCTOBHUTE MOJMOICHOBH 3allacH.
CKapHOBHSAT THI 00CIHHIBA KOMILUICKCHH HaXOIHIIA C MOJIHO/ICH-

Tabnuya 2: OcHo8HU NPOMULULEHU MOTUOOEHOBU HAXOOULYA.

BOI(PaMOBH U TO-PSIIKO MONMOAEH-MEIHU pyau. IpeitseHoBure
CHIIO Ca KOMIUIGKCHH HaXOmWIa ¢ BOJI(PpaM-MOIMOICHOBH U
Bon¢pam-kanaenu (¢ Mo, Bi u penku meranu) pyau. B tabnuna 2
ca TPEeICTaBEeHU IVIABHUTE MPOMHIUICHH MOJNUOJCHOBM HaXOAMIA

[16].

Pyanu Munepaau

Gopmayus (Mn,Fe) [WO.]

Keapy-monuboenum-cepuyumosa u MoS,, CuFeS,,

Tun naxoaumie Haxoanma
OcHOBHM Bropocrenennun
[lnyToHOTeHHM XUIPOTEPMAIIHU:
Keapy-monubdenumosa MoS,, SnO,, Benyxa, Bom-I'opxoH, Bykyka, JlaBenna, [xuna,

Ca[WO4], FeS,,
FeAsS, CuFeS,, PbS,
ZnS u ap.

Fe30,, Fe;0s,

Kupexen, lllaxrama, Ymansra (Pycus); Bepxuee
Kaiipakrsr, [lanrus (Kazaxcran); Pen-Poys, Bocc-
Maynrtus (Kanana); Ksecra-I u Ksecra-1I (CALL);
Tymen-Lokro (Mouronus); JIanayman, Hlannun

(Kurait) u np.

Knaiimake, XennepcoH, bunrem (CALLL); KoyH-

W3zBectHH ca oko0 20 MOMMOICHOBH MHHEpalia, HO ¢ OCHOBHO
MIPOMUIIUICHO 3HauYeHwWe e momubaernta MoS, (Mo 59.9 %), or
KOHWTO ce m3Bnmm4a Hax 95 % oT JoOMBaHUS B CBETa MOIHOMCH.
Tunu4HO 32 MOJIMOEHNUTA € HATMYUETO Ha M30MOP(HU IIPUMECH OT
pennii (Re), unero chabpxanue poctura mo 0.3 (0.33) %. Munepa-
JBT C BTOPOCTEIIEHHA MKOHOMHYECKAa pOJsI € MOJHMOIOIIeeInTa
Ca(Mo,W)0O, (0.5-15 % Mo), a munepanmute noseaut Ca[MoO,]
(48 % Mo), depumonubmur Fe,[M0O4]3.7H,O (40.5 % Mo) u
Bynderutr Pb[MoO,] (25.7 % Mo) ca ¢ HE3HAUNTETHO MKOHOMH-
4yecko 3HayeHHe. ChIbpKaHHETO Ha MOJNHUOICH B PyIUTE HAa MO-
mi6aen-nopdupaure Haxoxuma e ot 0.05 mo 0.5 %, a B menHO-
mMommobaeH-nopdupuute ot 0.005 10 0.025 %.

CBETOBHOTO MUHHO ITIPOM3BOJICTBO Ha MOJMOJEH U pasmpese-
JICHHETO MY IO CTpaHH ca rnokazaHu Ha ¢wur.1 u ¢ur.3. CBETOBHOTO
MHHHO IPOU3BOACTBO OT 1996 mo 2017r. ce e yBenuumio 2.3 nbTH
(mpe3 1996r.- 128460 t Mo; mpe3 2017t.- 290000 t Mo). IIpu mox-
IbpKaHe Ha TI00ATHOTO MHHHO ITIPOM3BOJACTBO Ha HHBOTO Ha
2017r., 3amacure e TapaHTHPAT CBETOBHA OCHUTYPEHOCT C MOJHO-
JieH 3a He nosede oT 60 roguan. CpaBHEHHETO Ha MHHHOTO IPOU3-
BOJCTBO 3a 1996r. u 2016T. moka3Ba OTHOBO MaIabHO Tpepasnpe-
JIeJIEHUE Ha MTPOU3BOACTBOTO MO CTPaHU. 3a IBETE TOJUHU OKOJIO 98
% OT CBETOBHOTO MUHHO TPOHM3BOJICTBO € KOHIIEHTPHPAHO B JICBET
cTpanu. [lsmoBoTo yuactue 3a 1996r. e kakro crnena - CAILL 42.7
%, Kurait 19.5 %, Ymm 14 %, Kanana 7 %, Pycus 6.6 %, Mekcuko
3.0 %, Iepy 2.9 %, Monromust 1.7 % n Hpan 0.9 %, mokaro 3a
2016r. — Kutait 46.6 %, Ynmm 19.9 %, CAL 12.8 %, [epy 9.2 %,
Mexcuko 4.2 %, Apmenns 2.3 %, Upan 1.2 %, Pycus 1.1 % n
Kanama 1.0 %. CBETOBHOTO MHHHO MPOM3BOJICTBO Ha MOJHOJCH ¢
HapacHaio ¢ 4 % npe3 2017r. (290 xun.t Mo) B cpaBHenue ¢ 2016r.
(279 xun.t Mo).

K6apy-moIubOeHUM-XaIKonupum- FeS, CusFeS,, PbS, ZnS n pan, bosurakoins (Kazaxcran); Kanmaksip (V30e-
cepuyumosa gopmayus Ip. kuctaH); Kapkapan, Arapak (Apmenus); Copa
(Pycus); Toxanema (Ilepy); Uykukamara, En
Tenuente (Ynim); Epnener (MoHromnus) u p.
MoS,, PbS, ZnS u ap. Teipuslay3ck, Kusuibix-Y3ens, UHrnuke u ap.
Ca[WOy4], (Pycwus); Canr-Jlonr (PKopest); Asryp (Mapoxko);
FeS,, Maiin-Kpuk (CALL); Kaparac-I u Kapatac-IV
CxapHoBu Ca(W,Mo)O,, (Kasaxcran); SIuuzs-Ukannss (Kurait); Baitua
CuFeS;, Fes0, (PymbHus); Taxtansnar (Typuus); Yopyx-Jaiipon
(Tamxukcucran); Koiiram, JIsarap (Y306ekuctan)
MoS,, SnO,, BiySs, FezO4, IlepBomait, Bymykraii (Pycus); Axuaray, Koynpan,
Tpeiizenosi (Mn,Fe)[WO4] FeS,, CuFeS,, PbS, Kaner (Kazaxcran); FOrouzsp (Monronus);
ZnS Ceppo-Acnepo (ApxentuHa); Cuxya-maH (Kuraii)
U ap.
(29% [
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Ot Havanoto Ha 2010r. HOBMAT W pa3IIUpEH KalaluTeT Ha
MHUHHHTE TPOU3BOAUTENN Ha MeJ OT MEIHO-MOJIMOICHOBU PYAU
JOBele 10 CBPBX mpeajiaraHe Ha moiubaeH mo 2015r. Beopexu
YCHITUSITa HA MHOTO MHUHHU TIPOM3BOANTENH Ja HAMAILSIT IPOU3BO/I-
CTBOTO OT MOJIUOJICHOBH PY/IH, PEIUIa MUHH OsXa 3aTBOPEHH IMPE3
2014r. u 2015r., Brmountenno Thompson Creek Mine, Endako
Mine (TCMC) u Mineral Park Mine (Mercator). ToBa Hamanu
JocTaBkuTe Ha MoJuoaeH ¢ mosede oT 10 000 t, HO Te Osxa KOM-
MEHCHpPaHH OT YBeJIMYaBaHE Ha MPOU3BOJICTBOTO B MEIHO-
MOJHOIEHOBUTE MUHK U Haii-Beue B Sierra Gorda (Ymmm) u B Mo-
nubnenoBata MuHa "Yichun Luming" (KuTait). OuakBa ce chlnect-
BYBAaIllUTE MNPOU3BOJAMTEIM Ha MonuOmeH nga Qopmupar 1o-
rojsMara 4acT OT JONBJIHHMTEIHUTe noctaBku a0 2020r., ocobeHo
ot munuTe B Kurait u CAIL [10].

3. Ilpou3eoocmeo Ha mMonuboeH, 0CHOGHU RPoOYecU
3a uzenuyane u npepabomeane

H‘bpeulmu UImovHuuu

Bbrpekn e MOIHOACHBT Ce ChABPKA B PAa3IMYHU MUHEpAH,
camo MonmuOaeHnTHT (MO0S2) e moAXoAsI 3a IPOMHIIIICHO MTPOH3-
BOJICTBO Ha MPOJYKTH OT MoyMOaeH. MonuOIeHbT ce U3BIMYA OT
I'BPBUYHU MOJIHMOCHOBH PYIHUIN WM KAaTO CHIBTCTBAL IPOIYKT
IIPU APYTH — OCHOBHO MEAHH pyIHHIHM. KbIeTto MoiubaeH € mbp-
BHYCH NPOIYKT, TOH OOMKHOBEHO ce WM3BIMYAa MoJx (opmaTa Ha
cynduieH KOHLEHTpAT, KOMTO ce IMmojjiara Ha Ibp)KEHE 3a Ja ce
MpEeBbPHE B MOJUOICHOB OKCHU]I.

Ot pyzau, KbIETO MOJUOAEHBT € ChIIBTCTBAI, OOMKHOBEHO MO-
JIMOAEHOBUAT KOHIIEHTPAT CE IOAJara Ha U3JIy)KBaHE 3a HaMaJlsiBa-
HE Ha CHIBPXKAHMETO Ha MeJ IO NPUEMIIMBH HHBA, IpeId Te Aa
OBIaT M3MPATEHH 3a MO-HaTaThIIHA 00padOTKa 3a MPOU3BOJCTBOTO
Ha ®epomommbaeH, aMOHHEB MOIUOIAT Wi MOIHOIeH MeTan. Ha
cxemara Ha ¢ur.4 ca WIIOCTPHPAaHU OCHOBHHUTE IPOU3BOJCTBEHH
mporecu [17].

IMpubmnsurento 50 % OT MPOU3BOACTBOTO Ha MOJIMOJIEH B CBE-
Ta UABa OT MeOHO-MonubaeHoBa pyza. B EBpomna takuBa MemHu
munu ca Herzogenhiigel (Benrus), Enaunte (bparapus), Kimmeria
(I'spumst), Recsk (Vurapus), Polkowice, Sieroszowice, Rudna,
Gaworzyce, Lubin-Malomice, Niecka Retkow n Wartowice (IToJ-
ma), Autuk u JlaBepus (IlIBemms), Maiinannek, Bopcka peka n
Bemuku (Cepbus).

Crnien KaTo ce MOJIy4YH KOHLEHTPAT, elHa MaJIka 4yacT OT HEro ce
[pUIara AUPEKTHO 3a MPOM3BOICTBO HA YHCTH MOJHMOIEH CHIBP-
KAl XMMHUKaJIM, a OCTaHajaTa Mo-rojsiMa 4acT ce mpepaboTBa 10
MOJMOJCHOB OKCH[, Ba)XHO M3XOAHO ChEIMHEHHE 3a IpaxoBara
MeTanyprusi U MpOM3BOJICTBOTO Ha hepoMondIeH.

Ilo-romamaTa yacT OT KOHIIEHTpaTa ce MBbPKU U Clel TOBa ce
M3I0JI3Ba JIUPEKTHO B CTOMAaHOIOOMBHATA W JKEJII3HATA IPOMMII-
JICHOCT, J0KAaTO OCTaHAJIaTa 4yacT MpeThpIsBa JOI'bIHUTEIHA IIpe-
paboTKa, 3a Ja ce MONyYH BHCOKOKaYeCTBEH MONMOIEHOB OKCHI,
MOAXO/AII 3a M3IION3BaHE B KaTalM3aToOpH, (apMalleBTHYHU IIPO-
IyKTH, TOPOBE, MUTMEHTH U JIp.

ViMa HSIKOJKO XHIPOMETaTyprUYHH TEXHHWKH, KOMTO MOTar ja
Ce M3MONI3BAT 33 M3BIMYAaHE HAa MOJUOICH OT OOOTATHTENHH KOH-
[EeHTpaTh. B MHOTO Cllydan ce H3BBPILIBAT €TAIlM Ha IPeIBapHTEIIHA
o0OpaboTKka 3a HaMalsIBaHe Ha NMPHUMECHTE Mpenu mbpxeHe. OOHK-
HOBEHO, HaTPUEB LIMAHU] CE U3IIO0JI3BA 3a OTCTPAHSABAaHE HAa Mel U
371aTO, JKeJe3eH XJIOPHT 33 OTCTPaHsABAaHE Ha MEJ, OJIOBO M KAJILUH
U COJIHa KHCEJIHHA 32 OTCTpaHsABaHe Ha 0J10BO U Oucmyr [18,19].

W3BIMYaHETO Ype3 aBTOKIABHO OKUCIHMTEIHO HU3JIyKBaHE Ce
OpeBpblld B HAN-MOMyISIpHATA XHAPOMETAIYPIUYHA TEXHHUKA,
[OpaJu HEroBara €KOJOTHMYHOCT U I'bBKABOCT IIPH TPETHpPAHE Ha
BHCOKO/HUCKOKauecTBeHH KoHueHTpatu [18]. IIpouechT BKIOUBA
ABTOKJIABHA OKCUJAIMSA, NPEYHCTBAHE HA PA3TBOPHUTE M KPHUCTAJIHU-
3aIusl, CyNIeHe HA KPAlHUS TPOIYKT, KAIIIMHUPAHE U OTIAKOBAHE.

ITepeuden npouec Ha npepaborka Ha MoanGIeHA

PYAYAOGBMB

i

Tpowene

CMI-II)HQ

DnoTauma

Hanyxsane

CyOnmwauma
WA XMMHYSCKa |npepadoTka

QDue. 4 Tunuuna mexmonozuuna cxema 3a npepabomka Ha MoaUOOEHO8U
pyou.
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Bmopulmu usmouHuuu

Hsxon ornagbLiy, ChIbpXKAIIM MOJIMOAEH, M3MOJI3BAHH KAaTO
BTOPHYHH PECYPCH, ca [T0Ka3aHu B Tabiuua 3.

Taénuya 3: Mo Bmopuunu pecypcu.

HaumenoBanue Ha

WNupycrpus Coabpxanue Ha Mo
HM3TOYHHUKA AyeTp ABP
OtpaboTeHu Kuce- [TpousBomacTBO Ha
P POU3BOX 40-70 t/n
JINHU OCBETUTEIIHU TeJia
IIpaxoBe ot uHIyC- EnexrponienTpanu vHa

TPUATHH GUITPH TEXKH TOpPHUBA

JluMHM npaxoBe CTtoMaHO100MB 0.02 10 1.2%

Vraiiku CromaHo-TIpepaboTKa 0.02 mo 1.2%
Menuu mnaku Meno- 0.3%
npepaboTBaTenHa
o . MenHo-MOMMOACHOB 1
POMHILLICHH ypaHO-100HB u Tpepa- 10-900 mr/n

OTMaIbYHH BOIU

6oTka
PapnoakTuBHI Mo/Tc renepatopu B
oTnagbuu Me/IUIHATA

IIpax oT mbpKWIHH
ey

ITepxxeHe Ha MOITHO-
JICHOBH KOHILIGHTPATH

MonubaeHbT € HabJIHO pernukinpyeM metan. Okono 60 % ot
CKpara OT MOJIMOZIEH ce M3II0J3BaT 3a MPOU3BOJCTBOTO HA HEPBIXK-
JaeMa CTOMaHa M CTOMaHEHH KOHCTpyKIuH. OcTaHamaTa 4acT ce
M3II0JI3Ba 32 IIPOM3BOACTBO HA JIETHpaHa MHCTPYMEHTAIHA CTOMaHa,
CyIep-CIIIaBH, BECOKOCKOPOCTHA CTOMAaHa, YyTYH U XHMHKAJIH.

[Ilo ce oTHacs IO PELUKIMPAHETO HAa CTOMAHEH CKparll, ChAbp-
xai Mo, OOIIMAT MOAXOA € IOBTOPHO TONCHE Ha CTOMAHCHUS
CKpaI, HalpuMmep, B eleKTpH4ecka Jbropa ment. Ilpenu na Obae
MO/JIOKEH Ha IMOBTOPHO TOIIEHEe 00aue, CKpabT OOMKHOBEHO Tpsi0-
Ba j1a Ob/ie NpeBapUTEIHO 00padoTeH, 3a 1a: 1) ce rapaHTupa, ue
CKpambT € ¢ HOIXOAAIL pa3Mep, KOHTO Jia ce 3apexza B nemra; 2)
Ce OCHT'YpH XOMOT€HEH ChCTaB Ha CKpama; 3) ce OTCTPAHAT HpH-
MECHTE OT CKpara.

B cnygaii Ha 0TpabOTeHH KaTalM3aTOPH, T€ OOMKHOBEHO Ce pe-
LUKJIMpAT Ype3 U3MNYaHe, 3a J1a ce eIMMUHUpa ChabpkaHueTo Ha C
u S (oGe3macigBaHe W JAEKOKCYBaHE) W/WIIK JIa C€ YJIECHH MPEBPH-
IIaHETO Ha OTHEYIOpPHHs MeTalieH okcun B apyru dopmu. Cnen
TOBA Cce M3BBPIIBA pa3po0sBaHe/CMUIIAHE, CIIe/l KOSTO ce Mojyiarat
Ha Trpoliec Ha usnyxsase [17].

4, Honytmeaue Ha memaiu U Cniaeu C 6UCOKa
uucmoma

3a crenuanHUTe MPHIOKECHUS Ha MOJIMOICHA H3UCKBAHHATA
KbM MEXaHHYHHTE My CBOICTBa ca Bce mo-rojemMu. Upes neruparin
JMO0aBKH € BB3MOXKHO MOJydaBaHe HA MOJUOJECHOBH CIUIABH C
BHCOKAa TEMIIepaTypa Ha peKpHCTaau3alms, 100pa KOPO3HOHOYC-
TOWYHBOCT ¥ SIKOCT TP MOBHUIIEHH TEMIIEPATYPH.

AHanmM3bT Ha OBIATApCKHS U CBETOBEH OIMT 32 MOJIydaBaHE Ha
YUCTU TPYAHOTOIIMMU U XUMHUYECKH aKTUBHU METAJIU IIOKa3Ba, 4€
OT CbBPEMEHHUTE METAJTyPTUYHU METOAU, KaTO JOCTATHYHO e(beK—
THUBHH 32 padMHUPAHETO HAa MOJIMOICH ca ce HAIOXKWIN “TIpaxoBaTa
MeTalyprus’, elneKTpoan3aTa Ha COJIM, METaTOTEPMUYHOTO HOqUI-
HO paduHUpaHe U HAKOU OT METOJHTE Ha CIelHaTHaTa CICKTPOMe-
TaJyprus Kato miasMeHo-asroso Torene (ITAT), BakyyMHO HMHIYK-
nnonHo TorieHe (BUT), enekrpornonrsueBo toreHe (EJIT), kpucra-
godusndeckn (30HHO) TOINEHE, KOMTO C€ MpUaraT YCIEIIHO B
MeTalypruiHaTa IPaKkTHKa 110 CBETA MOOTACIHO WM KOMOUHUPAHH
B pa3jIMyHa MOCIIEA0BATEIHOCT HA METalyprUYHUs IIPOLIeC.

OCHOBHM NPOMUIIJICHH METOIH 3a MOJIy4aBaHETO HA YUCT MO-
nu0/eH ca peAyKIMOHHUTE — MOJIMOIEHOBU OKCHUIH, XJIOPUIN HIIN
aMOHHEBH COJIM C€ PEAYIHPAT Ype3 BOJOPO O MOJHOICH HA Ipax
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W MeTajHa I'b0a, KOsTO ce mpepaboTBa 0 IUIBTHH METAIHU CIIH-
TBLY Upe3 CuYaHe uin ToneHe. Knacuuecku MeToau 3a momyvaBa-
HE Ha MOJMOJEH ca TpaxoBaTa METaTyprust U eIeKTPOIbIOBOTO
TomeHe. 3a HAKOU MPHIIOXKEHNUS, YUCTOTaTa, PECIIEKTUBHO TEXHOJIO-
THYHUTE CBOICTBA Ha MOJMOJCHA, NMOJYYeH MO TE3W METOIH, ca
HEIOCTaTh4HU.

Te3n TexHoMOTHHU 3a IpepabOTKa Ha MOJIMOACH HE OCHTYpsBaT
Ha MeTajla JOCTAaThYHO ao0pa IUIaCTHYHOCT M CIOCOOHOCT jaa ce
3aBapsiBa. PU3MKO-MEXaHUYHUTE CBONWCTBA HA MONUOEH, MOIydYeH
4pe3 CIHMYaHe, ca TBBPJAE aHU30TPONHH U 3aBHCAT OT H3XOAHOTO
CBCTOSIHUE, YUCTOTATa U CTPYKTypaTa Ha IIPaxoBeTe NMPEIy CIHYaHe
[20]. MetanbT, mOTy4YeH cieq pPeAyKLHATA, € ¢ BUCOK IMPOLEHT OT
METaJIHU U Ta30BU npumecH. Heob6xoanumo e Toii 1a 6ba€ mouioxeH
Ha JOIBIHMTENHO paduHupaHe. [Ipn MpoMUIIUICHOTO IPOU3BOACT-
BO Ha YHCT MOJMOJECH M Ha MOJHOJCHOBHU CIUIABH, B CTPaHH KaTo
CAIll, Ykpaitna, Pycust u ap., 3a TOUBIHUTETHO paduHEpaHe ca ce
HaJIOKWJI METON KaTo BaKyyMHO-IbroBo TorneHe (BIT) n enext-
pouHoapueBo ToneHe (EJIT).

3a mosry4aBaHe Ha 4HCT MoIuOAeH (> 99.99 %) Bce mo-uecto ce
U3II0JI3BA CHYETABAHETO HA PA3IUYHU XMMHYHH, CICKTPOXHUMHYHH
U (QUBMKO-XMMHMYHHM METaNyprudHu Meroiu. Karo 3akimrounTencH
eTall Ha METAypIHYHUS ITPOLeC OONKHOBEHO CE MPUIaraT BaKyyM-
HHUTE eJIeKTPO(YU3NIHN METOH, IPU KOUTO B PE3YNITAT OT ChBMECT-
HOTO NPOTHYAHE HA M3NapeHue, KOHJACH3auus, TuQy3us U KpUcTa-
JM3alys Ha MeTalla Ce OCBILECTBABA OTCTPAHSABAHE MW/WIM PaBHO-
MEpHO paslpe/ielieHHe Ha OCTaHAIUTE NMpPHMEcH (METalHH, HeMe-
TaJHU | ra3oBe) B obema Ha paduHHpanus yuct momudaeH. [lox-
XOJSIIIN METOIH 3a Jo0OpoTO paduHIpaHe HA METaIHUTe (B YaCTHOCT
Ha MOJIMOJIeHa) ca BaKyyMHHTE METOM KaTO AUCTHJIANMS, BHCOKO-
BaKyyMHO OTIpsIBaHE, €IEKTPOHHOJIBYEBO TOICHE, 30HHO TOICHE U
npekpucraauzanys 1 ap. [Ipyn BakyyMHUTE METOIHM, JTUMHTHPAIIN
3a paUHUPAHETO HAa MeTala ca IJIaBHO Ta30BHUTE M ra3oo0pa3yBa-
U IPUMECH KaTo a30T, BOLOPOJ, KUCIOpoA U Bbriiepon. KpaiiHarta
CTelneH Ha padMHUpaHe ce MOCTUTa Ype3 YCKOPSBAHETO U IMBJIHOTO
NPOTHYAHE Ha Ta300TACNISIHETO OT TEYHATa MeETajHa IOBBPXHOCT,
KOHTAaKTyBallla ¢ BAKyyMHATa cpe/a.

Taxa npu paduHupane Ha MONMOJCH B IUIa3MEHO-IBIOBH TIE-
M, CHIBPIKAHUETO Ha BBIVIEPO] B papUHHUPAaHHUsS MeTall MOXe Ja
o0b1e Hamasnerno 10 0.01 %, a chabpikaHHETO Ha KHCIOpox — a0 1
ppm. Orme no-100po paduHHpaHe ce MOCTUTa Ype3 30HHO TOIEHEe
Ha MoimoaeH. Crabpkannero Ha Bbriiepoaa ot 0.01 % B n3xomHus
MeTal MoXke Ja ObJie HaMaJeHO 10 KOHIIEHTPAIUH MO-HHUCKH OT
0.002 % crnex 30HHO padHHHpaHE, IPU KOETO paQUHUPAHHUAT MO-
mMOJIeH 3ama3Ba CBOWTE IUTACTUYHH CBOMCTBA IO TeMIepaTypH (-
140 0C). MonubpeH ¢ TakoBa ChIbpKaHHE Ha Ta30BE MOXKE JIECHO
n 6e3nedexTHO a ce BaloBa U IIamIioBa Oe3 HarpsiBaHe.

Ilony4yaBaHeTo Ha HOBU KOHCTPYKLMOHHU MaTepHalIM, YHCTH
METaJli M CIUIaBH ChC CHENU(PUYIHU (U3MKO-XUMUYHH CBOWCTBa €
HEPA3pMBHO CBBP3aHO C YChBBPIICHCTBAHE Ha CHIICCTBYBAIIUTE U
pa3paboTBaHe Ha HOBM TEXHOJOTMYHM npouecu. Haii-romemu ca
BB3MOXKHOCTUTE Ha METOJUTE, IPOTHYALIY [IPH BUCOKU TeMIEpaTy-
PH ¥ BHCOK M CBPBX BHCOK BakyyM. IIpakTuueckara peanusanus Ha
Te3U MPOLECU M3HCKBA MOIIHYU M3TOYHHMLM Ha HarpsiBaHE C BUCOKA
IUTBTHOCT Ha eHeprus. Hali-nepecnekTUBHU METOJH 32 OCBIIECTBS-
BaHE Ha TEe3U IPOLECH Ca IUIA3MEHUTE M EJIEKTPOHHOJIBYEBUTE
METO/JU Ha HarpsBaHe.

Mexny n30poeHUTe METOIM KaTo Oe3CIOpeH JIMAep ce € JI0Ka-
3al eNeKTPOHHONIBUCBHUAT METOJ 3a TONeHe M padHHUpaHE BBHB
BakyyM. B cpaBHEHHE ¢ IpYTH METOZIH OT CIEIHATHATA EIEKTPOMe-
TaJTyprusi, METOJBT UMa HIKOH IPEIIMCTBA, KaTO HalpUMep: 4HC-
TOTa HA BaKyyMHAaTa Cpefia, B KOSTO MPOTHYAT MPOIECUTE, Bh3MOX-
HOCT J1a Ce TPEerpsiBa TEIHUS METaJl 10 BUCOKH TEMIIEPaTypH, JIUIICA
Ha JIOMTBJIHUTENHO 3aMbpCABaHe OT KOHTAKT HAa MaTepuana ¢ Kepa-
MHYHU THUIJIH, TIOpajJyl HU3IOJI3BAHETO HAa BOJHOOXJAIEH MEICH
KpHCTaIN3aTop, B KOMTO ce oTiuBa nmoiydaBaHus O6mok. Te3u mpe-
JMMCTBA, KOMOMHHUPAHH C BB3MOXKHOCTTA J]a CE TOAABPIKA TEUHHS
MeTal B HPErpsATo ChCTOSHUE AOCTAThYHO ABILO BpEME, HPaBAT
MeTo/la IIPeANOYUTaH MIPe]] OCTAHAIUTE KOHBCHIIMOHAIHY, a U IIPE]



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019

JIpYyruTe METOAM Ha CIielMaliHaTa eNeKTPOMEeTaTyprust (BaKyyMHO-
JbrOBO, BaKyyMHO-UHIYKI[HOHHO H €JIEKTPOIIAKOBO TOIEHE) MpH
MOJTy4aBaHETO Ha METAJU U CIUIABU C HUCKO ChIbPXKAaHHE Ha Ta30Be
U JPYTU MIPUMECH.

OcHOBHHTE OCOOCHOCTH Ha €NIEKTPOHHUS JIbY, KaTO U3TOYHHK
3a HarpsiBaHe ca: BB3MOXKHOCT 3a IUIABHO M3MEHEHHE Ha TeMIlepa-
TypaTa Ha MeTaja B IIMPOKH IpaHumy (oT craifHa mo 5000-6000
°C), msKmounTeNHA I'BBKABOCT, NO3BOJABAINA CH3IABAHE HA DPa3-
JIMYHM JIECHO PETYJIMPAIH CE 30HU Ha HarpsiBaHe, KOUTO OCUTYps-
BaT CTaOMJIHOCT Ha aBTOMATHM3alUATa M MPOTPAMHUPAHETO Ha IPO-
1ieca Ha HarpsiBaHe, BUCOK K.I1.J. Ha €JIEKTPOHHOIbYEBHS U3TOUHHUK.
IIpu eneKTPOHHOIBYECBUS METO/ 32 MPETOIsIBaHE M padMHUPaHE Ha
MEeTaly Te3W NPEAUMCTBA HA JIbYa Ca ChUCTAHU C BHCOK BAKyyM.
M3nomsBaHeTo Ha BakyymMa B MeTalyprusra JaBa BB3MOXKHOCT 3a
HM3MeCTBaHEe Ha PAaBHOBECHETO Ha PEaKIMU U MPOLECH, MPOTHYALIH
¢ ydacTHeTo Ha raszoBa ¢asa. IIpm moHmkaBaHe Ha HaJSTAHETO
MIPOTHYAT PEaKINH, KOUTO ca HEBB3MOXKHH IIPH aTMac(epHo Has-
raHe: pefyKIus, Jera3anys, U3napeHue Ha JICTIUBU KOMIIOHEHTH U
1p. Te3n XeTeporeHH! peakil[uy NPOTHYAT Ha IPaHMIATa Ha B WIIH
TpH a3y U cymapHaTa MM CKOPOCT 3aBHCH OT CKOPOCTa Ha JBIIKE-
HHE Ha BelIecTBaTa KbM I'DaHMYHATa IOBBPXHOCT, OT XUMHYHUTE
peakIMy, KOUTO NMPOTHYAT HA Ta3HM MOBBPXHOCT, OT CKOPOCTTa Ha
OTZAENsHE OT HOBBPXHOCTTA, OT YCJIOBHATA Ha TOIUIONIPENABAaHE U

Ap.

Ilpn EJIT na TpygHoTomuMy MeTanu (MoJMOIeH, Boidpawm,
TaHTaJ) TeYHATa BaHa € IUMTKA. [lo-moaxomsmo 3a mocTuraHe Ha
edpexTuBed paduHHpan] eGekT € MHOTOKPAaTHOTO IMOCIIEIOBATEIHO
MIPETOIsIBaHE BMECTO E€THOKPATHO MPOIBIDKUTENHO 3agbpKaHEe Ha
MeTajla B MPErpsaTo ChCTOSTHUE. Upe3 MHOTOKpaTHO KpaTKOTpaiHO
paduHHpaHe W HelpeKbCHATa OCHWIALMS Ha Jb4a II0 BpeMe Ha
padMHUPAHETO Ce OCBIIECTBSBA CErperanys Ha I'eHEpPUPAHHUTE OT
XMMHYHU PEaKIU¥ OKCHIHM BKJIIOYECHUsS BBB BHJ HA PaBHOMEPHO
pasnpe/eneHy YaCTHIIY.

Hannumero Ha KHCIOPOX B ChCTaBa Ha MOJHOJEH MOBHUIIABA
HeroBarta TponumBocT. [Ipu konnenTpanust Ha kuciaopon 0.01 %,
MonOAeHbT TyOu mactuanuTe cu cBoiictBa mpu 300 0C, mokaTto
mpu KoHIeHTpanust Ha kuciopon 0.002 %, temmeparypata Ha
tpoumusoct e 25 °C, a npu konnenTpawus Ha kucaopox 0.0001 %
e -196 °C. KicnopomsT ce ChCpeIoTOuaBa B CBBP3AHO CHCTOSHHE
KaTO OKCHJIM IT0 TPAHUIMTE Ha 3bpHATa B CTPYKTypara Ha TBBPAUS
Mmerai. [loka3aH paguHupaIl epekT 1 MOHWKAaBaHE BPETHOTO BIIHS-
HHE Ha KHCIIOpOJia BbpXY MIIACTHYHHTE KayecTBa Ha MOIMOIEHa ce
MOCTHUTa Ype3 30HHO eJEKTPOHHOI'BYEBO TOICHE M M3pacTBaHE Ha
MOHOKPHCTAJIHM CIMTBIM C JBJIDKHHA OT nopsitbka Ha 500 MM u
ceuernne 10 80 MM [21]. B Te3u MOHOKpHUCTANN KOHIEHTpALUATA Ha
Kuciopon e 4 ppm, a MOJMONEHBT 3ama3Ba CBOUTE IUIACTHYHHU
cBOiicTBa 10 Temmeparypara Ha TedeH He. dommo ot MonubaeH ¢
TaKaBa YUCTOTA MOJXKE Ja ObJie MOAJI0KEHO Ha CTYAEHO IaMIIOBaHe
U J1a ce nmoiyyar 6e3ze)eKTHH NeTailiin ¢ OTTOBOPHO IpeIHa3Haue-
HHE B €JIEKTPOBAKYYMHH IPUOOPH.

OtnagpiyTe, ChABPIKANIY [IEHHN TPYIHOTOINMHI U XUMHYECKH
aKTUBHM TPH BHCOKA TEMIIEpaTypa METallH, Ce CUMTAT 3a BaXKHA
BTOpPHYHA CYpOBHMHA IIPH NMPOU3BOJCTBOTO HA Te3n Mertand. [Ipoyu-
BaHe 32 HAJMYHUTE KOJIMYECTBA HA OTHAIBIM OT TPYJHOTOIUMH H
XUMHUYECKH aKTUBHU METAJH TI0Ka3Ba, Y€ Hai-TOJEeMHUTE KOJIHIECT-
Ba OTMAABIIH, ChABPKAIIH MOJHOICH U HETOBHU CIUTABHU Ca: CKpaI OT
METaJIyprU4HH MPOM3BOJCTBA; OTPAOOTEHH KaTalM3aTOPH, ChIbP-
JKaIy MOJIMO/IeH U KOOAJIT; CTPY)KKH M MaJIKi mapyera Merai. VMma
JaHHYU U Pe3yITaTd 3a eeKTPOHHOIBYEBO MPETOISBAHE M PEIUK-
JIMpaHe Ha MOJIMOAEHOB CKpam 10 MONy4YaBaHEe Ha CIHMTHIH HIH
nonydabpukatr ot unct MonmuoaeH [22]. Ciex OBYKpaTHO €NIEKT-
POHHOIBYEBO padUHUAPAHE HA MOJIHOICHOB CKpan ¢ MoIrHOCT 1200
kW u npousBoauTenHocT 50 Kr/4 ca MONy4eHH CIUTBLHM C pa3MepH
1570x470x150 mm. CpabpikaHHETO Ha KHCIOpO HamaisiBa ot 600
ppm B monubaenoBus ckpan npeau EJIT mo 20 ppm B Mo cruen
padunupanero. Crabpxanuero Ha C npu ceiute ycnosus 3a EJIT
HamassiBa ot 260 ppm 1o 50 ppm. Ot padurnpanus Mo e usreriaexn
MIPOBO/IHUK C XUMHYEH CHCTaB M CBOMCTBA, NMOIXONSAINN 3a H3pa-
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6oTBaHE Ha EJNEKTPOJM B ra30paspsiIHU JIAMIIA U JPYTH €IeKTpOBa-
KyyMHHU TIpuOOpH.

OTtpaboTeHnTe KaTaIu3aToOPH — OTHaAbK OT He(YTOXMMHUUECKaTa
MPOMHIUIEHOCT CBINO Ca CYpOBHHA, MOAXOJAIIA KaToO H3XOJEH
MaTepHal 3a MPOU3BOJCTBO HA PEIKH TPYAHOTOIMMH METAIH 4pe3
EJI pemmkmmpane. CpoxbsT Ha ymorpeba Ha chabpxkamure Mo
KaTalli3aToOpu OOMKHOBEHO € OT 5 JI0 7 TOIHMHH, Clel KOETO Te ce
M3XBBPIIAT OT yrotpeda u ce HaTpymnBaT B Jena. ChAbpKaHUETO Ha
Mo B ax € oT 7 % 10 13 %. OOuKHOBEHO 3a PENMKINPAHETO Ha
Ta3M CypoBHMHA C€ NpHiIaraT MUPOMETATyprHYHU (OTrpsiBaHe, CIIU-
JaHe) U XUAPOMETATyprUuHH (AIKaIH3UpaHe, XUMHYIECKO OTiara-
HE, eKCTPaKIysl, HOHOOOMEHHa copOLus) TeXHOTIOTUH. Te3n TexHo-
joruu ca e(eKTHBHM 3a HU3BIMYAHETO Ha Mo M APYrH MeTaiH,
NPUCHCTBANIM B T€3U Kataau3aTopu. Upes TsIX yCIEeNIHO ce H3BINYa
1o 95 - 98 % Mo [23]. [Ipobiem e, 4e TIpH T€3H TEXHOJIOTHHU (0CO-
0EHO IIpU XHUAPOMETATYPTUYHHUTE) C€ H3IOJI3BAaT HECKOJIOTHMYHU
QJIKAJIHA U KUCEINHHU PEaKkTHUBH, KOUTO Ca BPEIHHU 3a 00CITyXBa-
muTe pabOTHUIIM H 32 OKOJIHATA CpPeJia.

5. Pazeumue na nasapa u 4eHu

EBpoma e npounssena npe3 2012r. yeTupu METpUYHH TOHA (KaTO
METaJIHO ChABbP)KAHKWE) Ha MoJMOAeH u oceM ToHa mpe3 2013r.,
Bcruku B Hopeerus. [Totpe6nennero Ha Monm6aeH B EBpomna npes
2013r. e 63 500 t. EBpona e BTopusT Haif-royisiM moTpeduTeNn Ha
MOJIMOEH B CBETa ChC CPEAHO TOAMINHO HoTpedienue ot 63 500
ToHa mpe3 2011 un 2012r., koeTo mpeacTasisiBa 25 % OT TOJHUITHOTO
CBETOBHO MPOU3BOJICTBO.

IIpe3 2015r. 00mI0TO CBETOBHO MPOU3BOJICTBO Ha MOJIMOJCH €
npubmmsurenHo 267 000 tona. o ce otHacs mo BHoca B EC, Mo-
JMUOJICHOBUTE OTMAJBbLM W CKpall IPEACTaBIsABAT Hal-TOJEMUTE
KOJIN4ECTBa OT BHeceHH NpoaykTu ¢ 3 221 019 Tona, nocneasaHu
ot MoiubaeHoBu npbtH (830 667 ToHa), HEoOpabOTEeH MoONMMOAEH
(59 1937 tona), monubneH mpax (231 320 tona) u MonubeH Ten
(163 663 toma), rmaBuo ot CAIIl, Kurait u Apmennst. OCHOBHHST
W3HOC Ha MpoAyKTu oT MoiuOneH B EC ca otmagsim u ckpan (336
738 TOHa W3HECEHM), CIIEABAHU OT MOIMOIeH npax (229 751 tona)
u HeoOpaboTeH MonuOaeH, BKmoounTenHo mpbTH (136,367 ToHA),
obukHOoBeHO B CAILl, Bpasumus u Mekcuko.

depomonubaeH (FeMo) e emHa oT Hall-BaXKHUTE MOJHOICHOBH
CIUIaBH, ChC ChABpPXKaHUE HA MOJUOACH 60-75 % W € OCHOBHHUAT
pecypc M3MON3BaH B JISTMPAHETO C MOJIMOJIEH Ha BHCOKOSIKOCTHHU
Huckoserupanu cromand. B EC ABctpus e equHCTBEHaTa CTpaHa,
KOSITO TpOM3BeXJIa Majku koiuuectBa FeMo. benrust e Haii-
rojeMusT uzHocuten Ha FeMo, cnenBana ot BemmkoOpuranus u
Xonanaus, 1okato I'epMaHus € Hali-TOJIEMUSIT BHOCUTEN, ClIEABaHA
ot Uramust, benrus, Ucnanus u IlIBenusa. OuakBa ce keas3HATA U
CTOMaHO/I0OMBHATa MPOMUIIJICHOCT Ja MPOABIDKK Ja CTUMYJIHMpa
notpebiieHneTo Ha MoaubaeH B EBpoma u mo cBeta. MonuOIeHBT
ce M3I0JI3Ba IPEAUMHO KaTo JIETHpPAL €JIeMEHT B CTOMaHa, Yyr'yH U
nBetHy Metanu. EC e BTOpUAT Haif-rosiiM IMpoOM3BOAMTEN HAa CTO-
MaHa B cBeta cnen Kuraii, ¢ npoxykuust ot Haj 177 MuinoHa ToHa
cromana rogumHo (11 % OT CBETOBHOTO MPOW3BOJICTBO), KOETO
o3HauaBa, ue EC e TpsiOBa 1a mpoabJDKY 1a BHACS MOJIUOICH.

lonssmMo konmyecTBO MONHMOAEH HIBa OT perukimpanero. Cro-
pen mpoyuBaHe, IPOBEAEHO OT M3CIeIBaHETO Ha Ma3apa Ha CTOMaHa
u Metan npe3 2011r., moutu 80 000 ToHa (26 %) OT BCHUKUSA MPO-
M3BeICH MOJNUO/ICH H/Ba OT PELUKIMPAHN MaTepUali, KOeTO 03Ha-
YaBa, Y€ CKpalbT € MHOT'O Ba)KeH 3a Bepurara Ha JocTaBku. EBpona
€ PETHOHBT C Hal-BHCOKATa MbPBOHAYANIHA YIOTpeOa Ha MOIUOICH
ckparl, ¢ Temrl ot okoJio 3 000 ToHa roUIIHO.

IMOA [11] u3uncisiBa, 4e€ ThPCEHETO HAa MOJHUOJEH OT KpaeH
HnoTpeOHuTeN MOXKe fa HapacHe cpenHo ¢ 3.6 % B meproxa 1o 2024r.
u momoOHa cToiHOCT Ha pactexx oT 4.6 % e myOnukyBaHa B
»Molybdenum Market Outlook” [24]. Roskill cbio anammsmpa
€BOJIIOIMATA HAa TO3U METall ¥ MPOTHO3Hpa yBenudyeHue 3a EBpomna ¢
okoio 105 kt/roguna mexny cera u 2025r., ¥ ye ceramrHUAT Kama-
IUTET € HEeJOCTaThueH, 3a a OTTOBOPU Ha TO3U PBCT B THPCEHETO
[25]. Toit xaTo ma3apbT 32 OCHOBHHTE NPHIIOKECHHUS HA MOJHOJCH



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019

HapacTBa M HsAMa IMOTEHLHUATHH 3aMECTHUTENM Ha MONUOJEH MO
OTHOILCHUE HA HETOBHUTE NPHIOXKEHHUS B MAIIMHOCTPOEHETO U B
aBTOMOOHJIOCTPOECHETO, He()Ta M ra3a, CHePreTHKaTa, XMMUYeCcKaTa
| Heproxumuueckara, mpepaboTBaTeIHATA, KOCMHYECKaTa, oTOpa-
HUTEJIHATA IPOMHUILIEHOCTH, €IeKTPOHUKATa ThPCEHETO Ha MOJIHO-
JIeH ce OYaKBa Ja HapacHe ChOTBETHO. MOJMOIEHBT CHINO € Omi
TIPE/UIOKeH KaTo MOTEHIHAJIeH 3aMeCTUTEN Ha BopaM H HUOOUH,
pasrnexnanu kato CRM [17].

Karo ce umar npeaBu 10OpUTE THPrOBCKH OTHOLICHHUS, KOUTO
EC uma cbc cTpaHuTe NPOM3BOIAUTEINIKH, HETOBaTa CHIIHA IIPOMMIII-
JeHa 06a3a ¥ OTHOCHUTEIHO HUCKUTE Pa3XOJH U FOJSIMOTO KOJIUYECT-
BO MONHOAeH, OalaHCHT MEXIY THPCEHETO H IMpeJaraHeTo He Ou
TpsA0BaJIO J1a MpeIu3BUKBA TOJIsIMa 3arprkeHocT 3a EBpona B cpen-
HOCpOYCH IUTaH. PecypcuTe Ha MONHMOICH ca JOCTaThYHH, 3a Ja
OCHTYPST CBETOBHHUTE HYKIH B 0003puMo Obaemie [17].

6. 3aknrouenue

V3110)k€HOTO IO-TOpe MO3BOJISABA Jla ObJAT HANPABEHH CIICIHH-
TE OCHOBHHM HM3BOJM 3a CBCTOSHHETO M OBICIIOTO Pa3BUTHE Ha
nobuBa, mpepaboTKaTa U MPOU3BOACTBOTO Ha MOJMUOIEH M MOJHO-
JICHOBHU MPOJYKTH:

» TeHaeHIUATA 32 MPOBDKABAIIO HAPACTBAHE HA CBETOBHO-
TO moTpeOyicHHe Ha MOJHUOCH IIie Ce 3ama3d u Mpe3 Ciel-
BaIllUTE CJIHO-J[BC JICCCTUIICTHS B YCIIOBHATA HA MpPEKpaTs-
BaHE Ha JICHHOCTTA HA peAMIia OT MallaOHUTE JeiicTBaIN
MUHHH O0EKTH;

HesaBucumo OT yBenuvaBamys ce s B U3IOJ3BAHETO Ha
MOJHOIECHOB CKpal U (aKTa, ye KbM MOMEHTA PECypCHTE Ha
MOJHOEH ca JOCTaThUHH, € HEOOXO0ANMO Jia c€ MPOIBIDKAT
MPOYYBaHETO U BHBCKIAHCTO B EKCIUIOATAIIUS HA HOBU Ha-
XOJIUIIA;

HoBure npunoxenus Ha MoIuOIeHA U HETOBUTE CIUIaBU B
CHhBPEMEHHH TCXHOJIOTHH W HAIPABJICHHS MpPEANoJarar mo-
BHCOKH M3WCKBaHHS KbM ChCTaBa, CTPYKTypaTa M TEXHOJIO-
TUYHHATE W CBOWCTBA, KOMTO MOrar Ja ObJaT MOCTUTHATH
€IMHCTBEHO 4pe3 IMPUJIATaHeTO Ha ChBPEMEHHU METalyp-
rugHd MeToau. J1o6pa Bh3MOKHOCT € €leKTPOHHOIbYEBHUSIT
METO/I 33 TONeHe U papHuHUpaHe, KOWTO ChYeTaBa MpeanMc-
TBaTa Ha BaKyyMHAaTa METAlyprusi U BHUCOKOCHEPrHIHATa
CrienMaiHa enekTpoMeranyprus. OmUTsT U 000pYABAHETO
3a MPUJIAraHeTO Ha METOJa MPH MOJyYaBaHE HA YHUCTU Me-
TaJld ¥ CIUIABM ChC CIIELMAJIHU M3MCKBAaHUSA KbM ChCTaBa U
CBOiicTBaTa UM MOrar jAa ObJaT MPHUIOKEHH W MPHU MPOH3-
BOJICTBOTO Ha YUCT OE3KHCIOPOICH MOJTHO/ICH;

VIHBECTHPAHETO B HOBH M Pa3BUTHETO Ha ChHIIECTBYBAIIUTE
MHUHHHU MOIIIHOCTH 32 TOOHB U MpepadoTKa Ha MOJIHOIECHCH-
JIbpXKalld PYAH € MEepCIeKTHBHO C HUCKa KOMIIOHEHTa Ha
Ma3apHHs PUCK.
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Abstract: The driving factor is an important technical feature of dynamical loaded working machines. It is especially important to know
its value for the working wheel speed reducer of the rotating excavators. In this paper is presented a concept for determining the driving
factor of a concrete gearbox speed reducer. To calculate the value of the driving factor according to the specified concept, knowledge of the
load regime and the carrying capacity of the gearbox is necessary. The load regime is known from the load function, which is given in the
paper, and is determined on the basis of the experimental measurements carried out for this purpose. The carrying capacity of the speed
reducer is calculated by theoretical analysis according to the established methodology in this paper, for the characteristic pairs of gears
determined in this analysis. As the most important gear pair, from the aspect of determining the driving factor, the most loaded gear pair is
taken, in which during the exploitation of the speed reducer the most interventions are made, compared to the other gear pairs of the
gearbox.

Keywords: DRIVING FACTOR, GEARBOX REDUCER, ROTATING EXCAVATOR, COALMINE

1. Introduction

The load regime of the gearbox speed reducer of the working The load function of the speed reducer of the excavator SRs-630
wheel of rotating excavator for normal and specific exploitation  (shown in Figure 1) was obtained by processing the deformations of
conditions is defined by the torque distribution function of the  the output shaft of the speed reducer under the characteristic
output shaft, depending on the number of load changes in the  working regimes for the excavator, which deformations were
expected working life of the speed reducer. obtained by experimental measurements.

The load regime of the speed reducer of the working wheel of
the rotating excavator SRs-630 which is used in the coalmine \

Suvodol-Bitola in Macedonia, is determined on the basis of
conducted experimental measurements and extensive theoretical
analysis. The load function of this speed reducer is shown in this

1%/ o0 - N x 0
8

paper. 100
The carrying capacity of the gearbox speed reducer of the w00 \
working wheel of rotating excavator is determined for its most \
loaded gear pair, i.e. for the gear pair that has certain operational w0

weaknesses.

The carrying capacity for all gear pairs from the working wheel 200,
speed reducer of the rotating excavator SRs-630 has been obtained il

theoretically, with a set methodology for this purpose, presented in 700
the continuation of the paper. The practice of maintaining the speed
reducer showed that certain weaknesses during the exploitation 600 n
were observed in the first, second and last (the fifth) gear pair, but \
most was intervened at the last gear pair which is the most loaded in a0 =
the speed reducer, that is, the following gear of this gear pair which N\
is mounted on the output shaft of the speed reducer. <00 \
The driving factor is a technical feature of dynamical loaded 300,
working machines. The driving factor is an important indicator of \
the dynamic load of the speed reducers in the rotating excavators, in 200 <
particular for the working wheel speed reducer of the excavator. i \
In this paper, the concept for determining the driving factor of w
the working wheel speed reducer of the rotating excavator SRs-630 4‘
is presented and a numerical value for the driving factor based on Tz 3 p = > . s
such a methodology has been obtained. i lloghd
10' 10? n? 0 10* 10° 0’ ne ne

Number of load changing - N

2. Load regime of the speed reducer

The loading of the speed reducer is a change in the torque T, of Fig. 1 Load function of the working wheel speed reducer of the rotating
the following shaft depending on the time t in the total exploitation ~ €xcavator SRs-630 under working conditions at the coalmine Suvodol-Bitola
life of the speed reducer.
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3. Carrying capacity of the speed reducer

3.1. Generally for the carrying
characteristics of the speed reducer

capacity and

The carrying capacity is the ability of the speed reducer to
receive certain types of maximum loads with a certain number of
changes, under certain working conditions. The carrying capacity of
the speed reducer can be associated with the Veler’s curves of
fatigue of the material for the gears in the speed reducer, obtained
by examining the gears (in particular on the surface pressure of the
tooth side, and in particular the flexion in the root of the tooth). This
is necessary for theoretically obtaining the curve of the load
function, while for practical use it is sufficient to find only two
points of the curve and to determine the value of the driving factor
for those two points.

The initial basis for this calculation is the knowledge of the
materials characteristics from which the gears are made:
- Fatigue strength for Hertz surface pressure oyim
- Static strength for Hertz surface pressure oiyg
- Fatigue strength for strain at the root of the tooth ofjin
- Static strength for strain at the root of the tooth org

Since this is a speed reducer that is in exploitation, whose
scheme is shown in Figure 2, in addition to these data are also
known the type of stresses, working conditions, shape and
dimensions of the gears, etc., which can determine the value of the
static and fatigue capacity.

output shaft of the
gearbox (shaft of the
working wheel)

P=450 kW
=980 mi1

a00

1250 1700

Fig. 2 Sheme of the gearbox speed reducer with the working wheel of
the excavator SRs-630

The practice showed that in the work of the speed reducer, the
weakness of the first, second and last gear pair was observed (the
gear pair 1, the gear pair 2 and the gear pair 5, marked in Figure 2).
For the third and fourth gear pair, no problems were encountered in
the speed reducer's current exploitation life, so they are practically
working as delivered by the manufacturer. Because of the above,
only the first, second and last gear pair will be treated.

The first gear pair is double, its driving gear is made of two
cylindrical gears with slanted teeth made on a common carrier that
fit together with two following gears respectively, whereof the
following gears are mounted on the same shaft. Depending on
which part of the pair is coupled, two speeds can be achieved by
rotating the output shaft for one speed at the input shaft and thus
two gear ratio of the speed reducer. In practice, the excavator
operates with the higher speed, so for this reason only the right part
of the gear pair is analyzed in the paper (gear pair 1b).

The second gear pair is conical with curved teeth (conical
helical gear pair), and the last gear pair is a cylindrical with a arrow
teeth (herring-bone gear pair).

Data on the characteristics of the materials from which the gear
pairs are made are used by the theoretical data from the excavator
manufacturer, TAKRAF-Germany.
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3.2. Nominal loading of the speed reducer

The nominal loading of the speed reducer defines the average
load during a lasting drive.

The nominal load is calculated as the average load for all
working regimes of the excavator (for which measurements were
made), with the exception of the extreme values achieved during the
experimental measurements. The indicator of the load is taken
showing of the ammeter during the measurement (the measurement
methodology is not subject to analysis in this paper). The average
value of the electric current during the experimental measurements
was:

3 40+48+30+40+24+32+30+60
B 8

The power corresponding to this load is rated (nominal) power,
so on the output shaft of the speed reducer has a value

=38 A

sr

P; = (+/3-6-38-0,86)-0,97-0,92 =303,08 kW

and the nominal torque of the output shaft is:

303,08
0,11885

P
T,, =159155.- ?R =159155- = 4058584453 Nmm

3.3. Calculation of the carrying capacity of the gear pairs
lband 5

3.3.1. Carrying capacity of surface pressure

a) Fatigue carrying capacity

- Maximum peripheral force on the tooth side
u

b-d (Zx'ZL'ZR'Zv'ZN'Zw'tht)2 2

F . . o
SHlim u+l Kv'KHa'KHﬂ‘Z,gZ'ZEZ’ZHﬂ2 Ol

tHo —

- Maximum peripheral torque from the peripheral force
F.. -d

T =

b) Static carrying capacity

- Maximum peripheral force on the tooth side

F :b-d ‘ ’(ZX-ZL~ZR-ZV-ZN-ZW-ZEm)Z'O_

0TS, U+l KKy, oK, -Z,7Z.2.7,,0 T

u

2

- Maximum peripheral torque from the peripheral force

Fio - d

THO: t2

¢) Carrying capacity at N = 10* load changes

TH(104) = V THoo : THO

3.3.2. Carrying capacity of flexion in the root of the tooth
a) Fatigue carrying capacity

- Maximum peripheral force at the root of the tooth

Yo Yor <Yy o Ys - Yo - Yeu

Eo_ b-d-cosf ogn,
Kv : KFa ! KFﬁ ’YFS 'Yg 'Y/f

tHoo — 7 S

Flim
- Maximum peripheral torque from the peripheral force

_FrFoo_'d

Te >

00
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b) Static carrying capacity

- Maximum peripheral force at the root of the tooth

E b-d-cosp Ok Yo Ysr oYy o Ys - Yo - Yoo
Fo z Seim K Key Ky Vg oY, -Y,

&

- Maximum peripheral torque from the peripheral force

Frp-d
TF0: tF;

¢) Carrying capacity at N = 10* load changes

Trawty =V Tee Tro

F(10*
The influential factors in the preceding formulas are determined
by an appropriate methodology for this purpose, for gears of the
gear pairs 1b and 5.

In order to cover the remaining impacts on the work of gears,
which are not yet covered by their own factor, the factor of safety is
still being used. Because the maximum potential for loadings on the
gears (maximum carrying capacity) should be determined here, its
minimum values are taken for the factors of safety: Sy;m = 1 and
Sriim = 1.2.

According to the known data for the gears and the formulas of
items 3.3.1. and 3.3.2. the carrying capacity of the gear pairs 1b and
5 are calculated and given in Table 1 for the gear pair 1b and table 2
for the gear pair 5.

Tablel
) ] gear pair 1 b
carrying capacity
71 =56 Z, =45

Fin- [N] 127164.2 103166.1
Ty [Nmm] 25390875.81 16553000.74
Fuo [N] 5208646.8 3337790.79
Tho [Nmm] 1040010506 535548533.5
TH(104) [Nmm] 162501623.3 94153785.21
Fie- [N] 127918.8 135094.1
Te- [Nmm] 25542546.8 21675848.3
Firo [N] 447715.7 472829.2
Tro [Nmm] 89395392.8 75865443.1
T,:(104) [Nmm] 47783853 40551791.9

3.4. Calculation of the carrying capacity of the gear
pair 2

3.4.1. Carrying capacity of surface pressure

a) Fatigue carrying capacity

- Maximum peripheral force on the tooth side

eo_bdy U (270202, 2 20 Za)
™ Sim Ju? +1 Kv'KHox'KH,B'ZH/i2 e

where d,, = d - bsine and it is a diameter of the pitch circle
- Maximum peripheral torque from the peripheral force
l:tHoo . d

Ty, = m
Hoo 2
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Table 2

gear pair 5
carrying capacity X2 X2
7,=23 2,=98

Fa-  [N] 447077.43 2198172.23
Th- [Nmm] 143210077.3 3000186363
Firo [N] 16094788.15 54954306.2
Tho [Nmm] 5155563010 75004659000
Thaoy [Nmm] 859260482.6 15000931000
Fie- [N] 892999.97 819305.64
Te- [Nmm] 286050216.6 1118233401
Feo  [N] 3162708.6 3098378.6
Tro [Nmm] 1013094644 4228837513
Teaoy [Nmm] 5383226984.5 21745867708

Note for Table 2: The listed carrying capacity for gear pair 5 in the table
refers for half gear. For whole herring-bone gear the given values are
multiplied by 2 and the carrying capacity is obtained with respect to surface
pressure and flexion.

b) Static carrying capacity

- Maximum peripheral force on the tooth side

E _b'dm u (Zx'ZL'ZR'ZV'ZW'ZN'ZEm)2

o Shim  Vu?+1 Ky - Ky, 'KHﬁ 'ZHﬁZ

- Maximum peripheral torque from the peripheral force

FtHO 'dm
2

¢) Carrying capacity at N = 10* load changes

TH (10%) = V THso 'THO

3.4.2. Carrying capacity of flexion in the root of the tooth

2
HO

THO =

a) Fatigue carrying capacity

- Maximum peripheral force at the root of the tooth

b-d, -cosf, Orim Y Yy Yo Y5 - Yen

E .
z SFIim Kv 'KFa ' KF/;‘ ’YFs 'Yg ’YK 'YLs

tFoo
- Maximum peripheral torque from the peripheral force
_ F[Foc ) dm

2
b) Static carrying capacity

T

Foo

- Maximum peripheral force at the root of the tooth

b-d, -cos B, o, Yy - Yn Yo Ys Yen

F

[

z S 'KV'KFa'KF/}'YFS'Yg'YK'YLS

Flim

- Maximum peripheral torque from the peripheral force

I:tFO i dm
2

¢) Carrying capacity at N = 10* changes

TFO =
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T|:(104) = VTFoo 'TFO

The influential factors listed in the preceding formulas are
determined  for the gears of the gear pair 2.
For the factors of safety, it is taken: Sy = 1.2 and Sgji, = 1.4.

According to the specified data for the gears and the formulas of
items 3.4.1. and 3.4.2. the carrying capacity of the gear pair 2 is
calculated and given in Table 3.

Table 3
) ) gear pair 2

carrying capacity —% =%
Fio  [N] 2667868701 3354330573
Th- [Nmm] 375996070000 619460990000
Feo  [N] 58100247000 64939839000
Tho [Nmm] 9422117200000 | 13799715000000
Thaoh [Nmm] 1882200500000 | 2923762000000
Fe-  [N] 41943.4 42162.1
Te [Nmm] 5911293.1 7786285.8
Feo [N 114924.9 115524.1
Tro [Nmm] 18637382.9 24548855.1
Trao®)y [Nmm] 10496239 13825498.3

4. Driving factor

4.1. Standardized load numbers

o Te) _ 1286377308 217
@’ T, 4058584453

o Tauoy _ 624750000 154
@ T, 4058584453

o Taaoy _ 333200000 o
@h T, 4058584453

A =4 A,=16 As=1

The magnitudes Touo’), Tauo’y Toao'are read from the diagram
in Figure 1 and the magnitudes T, is from item 3.2.

4.2. Standardized carrying capacity numbers
Ty 4228837513

ah T 1118233401
bory = Brge, =194
b(107) =1
B,;=3.15 B,=18 B;=1
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T(loo) - Tro, the magnitudes Tgo u Tg, are from Table 2 for the
following gear of the gear pair 5.

Because the carrying capacity of flexion in the root of the tooth
is less favorable (smaller), it is considered the most relevant when
defining the standardized carrying capacity numbers.

4.3. Value of the driving factor

KA = max [A]_/B]_, Alez, A3/B3] = max [4/315, 16/18, 1/1] =
max [1.27;0.89; 1] = 1.27

It is adopted K, = 1.25 for the value of the driving factor of the
speed reducer, which is the number from the standard array R20.

5. Conclusion

In this paper is shown the load function of the working wheel
speed reducer for a real excavator and known working regimes,
which is a function derived from the experimental measurements
carried out for that purpose. The load function gives a description of
the speed reducer's load regime in its total lifetime.

The paper presents a methodology for theoretical calculation of
the carrying capacity of the speed reducers, that is, for its gears,
both fatigue and static carrying capacity, for surface pressure on the
tooth side and flexion in the root of the tooth. The presented
methodology is confirmed by analysis of the specific reducer.
Also this paper presents a concept for determining the value of the
driving factor of the speed reducer as an important characteristic of
its dynamic load, and defines the value of that factor on the basis of
this concept for the mentioned speed reducer.

The gain value for the driving factor can serve as a benchmark
for the driving factors of the rotating excavators with similar
technical characteristics operating in approximate working
conditions.
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ENVIRONMENTAL ASPECTS OF PORT INFRASTRUCTURE DEVELOPMENT IN

VARNA LAKE
EKOJIOI'MYHHN ACIIEKTU HA PA3BBUTUETO HA ITPUCTAHUIIIHATA UHO®PACTPYKTYPA BbB

BAPHEHCKO E3EPO
Assoc. Prof. Dr. Toneva D., PhD student Dimova D.%, PhD student Stankova T.*
Technical University of Varna, Bulgaria, dept. Ecology and Environmental Protection®
dtoneva@abv.bg

Abstract: The development of sustainable maritime industry is declared to be a national priority for Bulgaria. The marine ports'
infrastructure development is a key element (aspect) in the process of obtaining sustainability and safety and security insuring. In this
context environmental issues should to be tackled with regards to economical, social and environmental perspectives. The main Bulgarian
Black Sea port is the port of Varna, located in Beloslav lake (Varna-West) and Varna bay (Varna-East). At the same time in Varna and
Beloslav lakes alone 14 ports operate. In the last 2 decades the international importance of Varna port is decreasing dramatically because of
multiple factors among which the most important are: lack of real investments in port infrastructure development and modernization;
increased competitiveness of other port operators mainly Romanian and Turkish; controversial port management policy; limited objective
capacity of Varna- Beloslav lake complex and Varna bay to sustain continues enlargement of ports infrastructure. From ecological point of
view continues coast modification and development of new engineer port infrastructure especially in lakes is hazardous. It contains multiple
environmental risks that are observed and analyzed in this research regarding Varna lake ecological status.

Keywords: ENVIRONMENT, ENVIRONMENTAL PROTECTION, PLANING, PORTS, PORT INFRASTRUCTURE

Tabnuya 1. Pezucmpupanu npucmanumya ¢ HAYUOHAIHO U

1. Bveeoenue pezuoHanno 3nauenue 6v6 Bapuencko esepo kom 2018e.

HeoOxomuMocTra OT oOma3BaHe Ha OKOJHATa cpema M Ne Tpucranmue/ Turnose oGpaboTsanH ToBapH Bpoit
NPEBEHIMATA HA €KONOTHYHMA PHMCK NpH pa3BUTHETO Ha Jepvuran MECTa
HOPUCTAHMIHA MH(PacTpyKTypa HapacTBaT HENPEKbCHATO. 3a L. Ilpucranuina 3a 0OLIECTBEH TPAHCHIOPT € HALMOHAIHO 3HAYCHHE
MOCTUTaHe Ha e()eKTHBHO yIpaBIeHHE HA EKOJOTWYHHS PUCK € Terepani, nachmm, LPo-Po~,
HEeoOX0MMO MICHTH(HUIMpPAHe Ha KOHKPETHUTE M3MEPEHHs Ha L1 Tepmunan HANMBHH ToBapH, TpaiH 20- 3
CKOJIOTUYHHUSI PUCK 32 JAJ€HO BOJHO TSJIO BBB BCHUYKUTC MY o Jlecniopt (yTOBH KOHTEiiHepH - cTH(
acrekTd. BapHeHCKOTO e3epo € BakeH NMPUCTAHUILEH LEHTBP U Tepman OTacHH HATHBHN TOBAPH OT KIad
30Ha C MHTCH3MBHO aHTPOIIOIEHHO HATOBAapBaHE, BOJEILO [0 L2. Merpon* 3 1o xnacuduxauusTa na UMO”| 3
CBIICCTBEHH  HETaTHBHM  epeKkTH.  JIBmKemmre  CHIIH, ”
06yCHaB$HlII/I HAaTHCKa OCHOBHO Ca UWHAYCTpUATA, BOIHUA I1. IMpucTanuma 3a OOLUIECTBEH TPAHCIIOPT C PETHOHAIHO 3HAYCHHE
TPaHCTIOPT, W ypOaHW3alWs. 3aMbpCABAHETO Ha BOJUTE, T CHEpAHH, HACHITHH H OMACHH
TpaifHaTa eyTpoUKaIHs, HAPYIICHUSITA B KUCIOPOIHHS PEKUM i [TUMB - Bapna (xac 4.2 1 xac 5.1); 2
Ha BOJU U NMOJTHCHATOTO ChCTOSIHUE HAa BOJHUTE €KOCUCTEMH Ca KOHTelHepn
xapakTepHd 3a Bapaenckoto esepo. [1, 2] Ympaenenuero Ha 112 Opnecoc ITEM - TeHepaTHu ¥ HACHITHY; 3
€3epHaTa eKOCHCTeMa M3MCKBAa OIIGHKA Ha aHTPOIIOTCHHUS - Bapna KOHTeHHepH
HATHCK MU NpeANprueMaHe Ha aKTHBHU MEPKH 3a MoZ00psBaHe Ha [TYMB - Bapua
€KOJIOTUYIHOTO U ChCTOSHME. B HACTOAIIOTO H3CIEBAHE CE 11.3. Tepmunan 3a Hedronanumu 1
pasriexaar eKOJOTHYHWTE aCHEKTH Ha HW3TPAKIAHETO | Gasosn macia
pasIIMpSABAHEHO HA MPUCTAHMINHA MHQPPACTPYKTypa BbB 11.4. TEL[ Eseposo Hacunin, renepanin, 3
BapreHCKOTO e€3epo, Kacaeliu pEeIeNTOpHTe BOIHM, IBHHHI XOorToepu nrorma
Ce/IMMEHTH U GHOpa3HOOGpasHe. Taonuuya 2. Pecucmpupanu npucmanumi@ cbc  CREYUATHO

npeonasnauenue 6v6 Bapnencko ezepo kvm 20182

2. Tpaﬂcnopmno 3Hauenue na Bap”eHCKo esepo Ne | TIpucranume [pennarany NIPUCTAHUIIHY YCIyTH iggg

BapHeHCkuAT 3aqMB M CBBP3aHUAT ¢ Hero BapHeHcko- IIpucraBaHe, 1OMyBaHe, IIPECTOH 1
BenocnaBcku e3epeH KOMIUIEKC OQOPMAT PaliOH € KIFOYOBO Crpowurenen PEMOHT Ha JIparaxksa,
3HaYeHHE 3a  Pa3BUTUETO Ha  OBATApCKOTO  MOPCKO 1. | uTexHuyecku KPaHOBOIOJIEMHA, BOJIOIA3HA, 1
kopabormaBane. Ha BapHeHckus 3aiMB ce pasmoyiara €JHO OT ot GyKcHpana i JIpyra I1aBaia TeXHHKa
JIBETE TJIaBHU MOPCKHU MPUCTaHMIIA HAa bbiarapus — npucTaHuine Ha CT®
Bapna (M310K) ¢ 14 kopaGHu Mecrta (B ToBa 4ymciio 1 kopaGHO IUMB Ipremarie, chxparsiBare 1 npepaoTka 1
MSICTO 3a ITBTHHIIM) 33 TeHEPAHA M HACHITHM TOBapH, HAJTUBHU 2. H1a TCHHH 1 TEBP/W OTHa/bIH
topoBe, Po-Po ToBapm wu xoureiinepu. IIpu Bapnencko- IpucraBane u npecToi Ha KOpadu 1
BenocnaBckus €3epeH KOMIUIEKC U CBBP3BAIUTE IO ¢ UepHO 3. | KP3Onecoc ApYyTH TEXHUYCCKH CPE/ICTBA 34 6
Mope KaHanmd (yHKOHOHHpar 14 ToBapHM ©W | SAXTEHO o KopaGopeMOHT; MBapToBaHe

CHUHOCTH, TCXHOJIOTUYHO CBBP3aHHU C
np”CTaH”me [16] 4. MTr ﬂeﬂ(bHH TIPOU3BOJACTBECHUS npouei 1

BapHeHCKkOTO €3epo € OOeKT C BHCOKO TPAHCIOPTHO JleHHOCTH, TEXHONOTHIHO CBBP3AHH C
3Ha4yeHue. Ha e3epoTo u kaHanure, cBbp3Baiiu ro ¢ YepHo mope [POU3BOACTBEHHSI [IPOLIEC;

(cTap ¥ HOB KaHaJ) ca CUTyHPaHH 2 MPUCTAHUIIA C HAIIUOHAIHO 5. BYJISAPIL MOPCKO-TEXHHYECKH NMPHCTAHHIIHI 8
3Ha4yeHUe, 4 C PErHOHaJHO 3HaueHWe, U 6 MPUCTAHUILA ChC ACUHOCTH U YCIIyTH, MIBAPTOBAHC,
crenuaiHo npeaHasHadenne. Kem 2018r. ca peructpupanute 6 npueMane 1 06paboTBane Ha OTHABLH
JeHCTBAIlM IPUCTAaHMIA C HAOUOHATHO W  PETHOHAIHO — ot kopaGoruiasane
3HayeHue [16], komto ca npeicTaBeHn B Tabmuma 1. AeHHOCTH, TEXHOOrHHO CBBP3AMH ©

TEPEM — MPOM3BOICTBEHHS TPOILIEC;
Perucrpupanure xpm 2018r. mpucraHuMma cbC CIELUATHO 6 KP3 Onotek MOPCKO-TEXHHYECKH TIPHCTAHHILIHA 6
NpenHa3HayeHHe, B €IHO C OCHOBHUTE YCIYT'M, KOHMTO Te g apcenai- JEHOCTH U YCIIyTH; LIBAPTOBAHE;
NpeaoCTaBsiAT Ca NNPECACTaBCHU B Tabnuna 2. Bapna npueMaHe 1 00paboTBaHe Ha OTIAIbLH

0T KOpaGoILIaBaTeHe
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Pasnonoxennero Ha (QyHKUMOHUpAIIUTE NPHUCTAHHUIIA €

npecTaBeHo Ha urypa 1.
[ b

Topah

L
1 matio
=

Lake Vama

Fig. 1. Pasnonooicenue na gpynkyuonupawume npucmanuuya 6v8
Bapnencro esepo kvm 2018z.

1 — Tepmunan Jlecnopt; 2 — Tepmunan ,Ilerpon”; 3 — I[TYMB-
Bapna (tepmunan resepantu toBapu); 4 — Ipucranume Ongecoc [IMb-
Bapna;, 5 — ITYMB- Bapna (tepmuuan 6a3oBu wmacma); 6 — TELL
EsepoBo; 7 - Material technical base of the Civil Engineering and
Technical Fleet JSC; 8 —[TYMB (cneumanHo npeiHasHadenue); 9 —
Kopabopemonten 3aBon ,,Onecoc; 10 - MTG Hendwun; 11 - bynsapn; 12
— Tepem @notcku apcenan- Bapua

IpucranuniHata HHPPACTPYKTYpa € ChCPENOTOYCHA IIPH
[BaTa KaHaJa, KATO Hal-BHCOKA € MBCTOTATA HA PA3MONIOKEHUTE
CHOPBHKEHHS Ha CTapHsl KaHa, CBbP3BAll| €3epoTo ¢ BapHeHcku
3amMB. BHcOka € KOHIEHTpauusTa Ha NPUCTAHHWIIATA W Ha
ceBepHUst OPsIT Ha e3epoTo (4 MPUCTAHHUIIA), TOKATO HA F0MKHUA
Opsr ¢ pasmoyiokKEHO CaMO CAHO MPHCTAHHINE ChC CICLUATHO
IpeHasHadyeHue. lIpe3 IOCIeIHOTO ACCETHIICTHE HHTEPEChT
KbM pa3pacTBaHE Ha MPHUCTAHMINATA W MOJEPHU3ALMS Ha
NMpUCTaHUIHATA HHPpAcTpyKTypa ce 3acuisa[8]. 3a ToBa
CBHIETEJICTBAT MPOLECUPAHUTE UHBECTHLHOHHH MPEIJIOKECHUS
3a M3TPaXJAHE HA HOBH [PUCTAHWINA M DPa3LIMPABAHE Ha
CBIIECTBYBAIMTE B aKBaTOpHsITa Ha BapHeHCKOTO e3epo.

KbM HacTosIIis MOMEHT 4 WHBECTHIHOHHU TPEIIOKCHHS
ca nmpemMuHaiM npouexypu no OneHka Ha BB3/ICHCTBHETO BBPXY
okoiHata cpena (OBOC): pasmmpenue Ha [IpucranuiieH
tepmuHan  ,Jlecnopt’— Bapma [12]; pasumpenue Ha
MPUCTAHHMIIE 32 OOIECTBEH TPAHCIIOPT C PETHMOHANHO 3HAUYCHHUE
»Onecoc IIBM”, [11]; wsrpaxmame Ha ,JHTepMomancH
tepmuHan Bapua”[10]; wu3rpaxmaHe Ha npuUCTaHMIE 32
OO0IIECTBEH TPAHCIOPT C PErHOHAJIHO 3HavyeHue ,,E3epoBo” B
palioHa Ha CBIIECTBYBallaTa MaTepHAIHO-TEXHHYeCKa Oa3a B
3emunIeTo Ha ¢. Ezeporo, 061, benocnas, 061, Bapaa [9].

Tpu OT MHBECTHIIMOHHHUTE MPEJIOKCHHS CE TPEABIKIA J1a
OBIaT peanu3upaHy Ha ceBepHHA OpsT Ha BapHeHCKOTO e3epo, a
e/HO - Ha TuiaBaTeneH kananm Ne3 (,,crapust kaHan”) OT cTpaHara

HE3HAa4YUTeJIHA Bpb3Ka ¢ besnocimaBcKoTo e3epo Ha 3amaj U ChC
cnab oTTOK KbM YepHo Mope Ha M3TOK.

IIpez 1909r., ¢ mpoxomaBaHeTO Ha MBPBUSA KaHAT (CTap
KaHau), BapHeHcko e3zepo ce cBpp3Ba ¢ UepHo Mope. Bpbikara
Ha e3eporo ¢ BapHeHckus 3anmmB e uHTeH3HdUIMpaHa C
MPOKOIIaBaHETO Ha BTOPH KaHal (HOB KaHai) mpe3 1976r. Ilpes
1978r. e ycraHoBeHa Bpb3Ka Mexay BapHeHckOTO U
BenociaBckoTo e€3epo upe3 MOKapBaHETO Ha KaHaJl, CBHP3BAlll
nBete e3epa. Cp3aaeHn ca IPeANOoCTaBKY 3a HHTEH3UBIIMpaHe
Ha  UHIYCTPHATHOTO  pa3BUTHE Ha  TEpUTOpHUATA U
IpeBphIIaHeTO Ha BapHEHCKOTO e3epo B 3HAYMM MPHUCTaHHUIIECH
paifon. Te3u chlIecTBEHH NMPOMEHU B XHUAPOMOPQOIOTHATA HA
BapHeHCKOTO €3epo, KakTO U yIbI00YaBAaHETO My, BOIST J0
MHOTO TOJEMH W3MEHEHHS B €KOJOTMYHO OTHOIICHHE.
ConeHoctra My € HapacHana 10 15%o B MOBBPXHOCTHHTE U IO
17%0 B TpPUIBFHHUTE BOJHU CIIOEBE, C KOETO EKOJOTHYHHTE
YCIIOBHS ca ce JOOIFKIIN IO Te3H Ha MOpCKaTa akBaTOPHSI.

Ezepnara cucremMa ce XapakTepusupa C  TpaiiHa
eyTpouKanus, JUIca Ha 3ama3eHd pedepeHTHH YCIOBHS,
pemyLUpaHO  BHJOBO  pa3HOOOpa3he,  CBIOPOBOACHO  C
OIPOCTSIBAHE Ha BOJHUTE CKOCHCETMH M CHJIHO H3pa3eHO
JOMHMHHpaHe Ha TOJICPAHTHH KBbM 3aMbpCsSBaHe BHIOBE. BoaHo
1710 BG2PR100L001 ,,BapHeHCKOTO €3epo” € KIacupHUIUpaHO
KaTo cwiHO Moaudunupano BoxHo Tsuio (CMBT), tum L9:
,»HEepHOMOPCKHM CpeIHO COJICHH e3epa W OnaTa” Mpu eKOpPEerHoH
12 ,Ilontuniicka nposunums” [13]. Boaure My ca TpaiiHO
eyrpoduumpanu (peoboraTeHn OCHOBHO ¢ a30T U (ocdop) 6e3
3ama3eHy peepeHTHH YCIOBUSL.

AxBaTopusTa Ha BapHEHCKOTO €3epO € CHIIHO MOBJIHSHA OT
WHTEH3UBHATAa AHTPOIOTreHHA JEHHOCT U 3aMbpCSBAHETO Ha
BOJMTE IIPH EKCIUIOATALlMsl Ha MPUCTAHUIIATA OT aKOCTUPAILHU U
MpEeMHHABAId KOpaOW, OT WPUTOKA OTHaJHH BOIU OT
[IpeuncTBarennara cTaHuMs 3a OTNAIbUHU BoIu ,,.Bapna”, ot
neifHOCTUTE Ha JIeBHEHCKUTE XUMHYECKH 3aBOJU TOCPEACTBOM
KaHaza, cBbp3Ball ro ¢ benocnascko ezepo, ot TEL E3eposo.

C men OleHKa Ha CBHCTOSHHETO Ha BapHeHCKo e3epo,
NpPOTHO3MPAaHE Ha CBhCTOSHHETO My W ChCTaBiHE Ha
NPEJUIOKEHNs 38 HErOBOTO IMOA00psIBaHE, €3epOT € O0EKT Ha
€KOJIOTHYEH MOHHUTOPHMHT. HabojeHust HaJ BOJHOTO TSIIO C€
M3BBPIIBAT B 4 MOHHMTOPMHTOBH IIYHKTa, IPEJICTABEHH B
Tabiuia 3.

Tabnuya 3: Ilynkmose 3a monumopunz - Bapnencko esepo

Ha rpan BapHa. PasmonoikeHMETO Ha  OPOLECUPAHHTE IIynKr Koz Ha oyeKT Lo e B

MHBECTHIMOHHH IPEUIOKEHNS € IPSICTABCHO Ha Burypa 2. BapHeHcko e3epo-3ama BG2PR00155MS013 | BG2PR100L001
Baprencko e3epo-ceeposamnan | BG2PR00155MS014 | BG2PR100L001
BapHeHCKo e3epo-IIeHTHD BG2PR00155MS015 | BG2PR100L001
BapreHcko e3epo-H3ToK BG2PR00155MS016 | BG2PR100L001

OO0o1eHnTe JaHHU 32 ChCTOSTHUETO Ha BapHeHCKOTO e3zepo
3a mepuona ot 2014r. mo 2016r., npencraBern B Tabimna 4,
MOKa3BaT U3BECTHO €KOJOTMYHO Bh3cTaHOBsABaHE mpe3 2016r, B
CpaBHEHHE C NMPEIXOJHUTE JABE TOUHHU.

’f:?:m. \*\' Table 4: Exonocuuno u xumuuno cwvcmosnue na CMBT

wBapunencko ezepo” BG2PR100L001 3a nepuooa 2014-2016e.

Fig. 2. Pasnonooicenue na npoyecupanume ungecmuyuonnu
EKOJIOTHYHO ChCTOSIHHE
npeonodcenus 6b6 Bapuencko esepo Comuta XMMHYHO
Exonornuen CERICIEHT
1 - Tepmunan ,,Jlecopt*- BapHa; 2 — UHTepMOIaIIeH TepMUHAT BEK F—

Bapna; 3 — [Ipucranumie ,,E3epoBo” ; 4 — Onecoc [IMb
HAMA JaHHU

YMEpEeHO

ﬂaHHI/ITe IOKa3BaT TCHACHIWA KbM HaMaJIIBAHEC CTCIICHTA
Ha 3aMBbpPCABAaHC Ha €3€PHUTEC BOJAU, ABJDKAIIO CE HAa CHMXKaBaHC
Ha HWHAYCTpUAJIHUSI OTTOK B €3€pOTO M pEeAyHUpAHE Ha
3aMBbPCUTCIINTE, B PpE3YyJTAaT Ha Choaga B [IPOMHUIUICHOTO

3. Cvcmosanue na Bapuencko ezepo

2015 HAMA JaHHU

BapHEHCKOTO €3epo € MOJJI0KEHO Ha FOJISIMO aHTPOIIOT€HHO
HATOBAapBaHEe, BKIIOYUTEIHO OT INPUCTAHWINHATA JACHHOCT H
KOpalboIuIaBaHeTo. Camoto e3epo HpeCTaBIsIBa
KpaOpeKeH IMMaH C ©CTECTBEH MpOmM3Xox ¢ miom 19xm?,
MakcuManHa abi6ounHa 19M u BomeH oGem 166mma.Me. o
1909r. BapHeHCKOTO e3epo € CIagKOBOJCH €3epo ¢
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MPOM3BOACTBO, JOM3rPaXJaHE HAa KaHAIM3ALHMOHHUTE CHCTEMH
Ha HACEJICHUTEe MECTTa U MOJCPHHU3UPAHE Ha MPEYNUCTBATECITHUTE
CTaHIMM 3a OTMAAb4YHU BOAW. EKOJOTMUHHMAT MOTEHLMANT Ha
BapneHcko e3epo 3a MOCOYEHHs Mepuox ce moxodpsBa OT
,MHOro Jjomr no ,ymepen™ [4, 5, 6]. Ilo orHouienue Ha
ouonornmuen enemeHT 3a kadectBo (BEK) chmo e wHammme
nogobpenue: ot ,MHoro somo” mpe3 2014r. m 2015r., mo
,,100p0” mpe3 2016T., KaTo Mpe3 MOCOYCHHUS TIEPUOJ] OI[CHKATa
ce ocHoBaBa Ha bBEK ¢uromnankron. Ilo orHomeHnue Ha
¢usukoxuMuuHuTe  enemMeHTn  3a  kadectBo  (DXEK)
CHCTOSIHUETO YCTOWYMBO C€ OMpeneNns Karo ,,yMEpeHO™, KOEeTOo
ce IBIKA Ha KOHIIGHTPAIlMUTEe Ha aMOHHWEB a30T, (ocdaru u
06111 pocdop. CriieBpemenHo mpe3 2016r. KOHICHTPALUKUTE HA
HUTPUTEH a30T HaMaJsiBaT B CPaBHEHHE C PETHCTPHUPAHUTE IIpe3
2015 u 2014r. Copsmo Ilnana 3a ynpaBieHHE Ha pEYHHTE
6acetinn (ITYPB) 3a 2016-2021r., €KOJIOTHYHOTO CHCTOSIHHE Ha
Bapuencko esepo e ompeneneHo Karo ,,MHOro jomo” [7].
Oco0eHO TPUTECHUTETHO € XHUMHYHO CBhCTOSHHE Ha
BapnenckoTto e3eo - ,HemocTuramo ao0po”, IBIDKAIIo ce Ha
HaJIM4Ue Ha )KUBaK B OHOTA.

Lbdrexnre Ha BomopaciauTe ce€  CHIIBTCTBAT  OT
HEONaronpusiTeH  KHCIOPOJACH  PEeKMM W BPEMEHHO
YCTaHOBSBaHE HAa AaHOKCHYHHM YCIOBUS H ,,MBPTBH 30HH,
OCHOBHO IIpe3 JIATHO-ECEHHMs IIEPUOA  Clie[] IPOJICTHHS
MakCUMyM B Pa3BUTHETO Ha IUIAHKTOHA. BUIOBHAT chcTaB Ha
MaKpo3000eHTOca € OMPOCTEH, a IslaTa UM OHoMaca ce JbIDKH
Ha TOJICPAaHTHHU BHIOBE, C HUCKA CKOJOTUYHA YyBCBUTEIHOCT U
BHCOKa €KOJIOTHYHA IUTACTUYHOCT [15]. BumoBoTo pasHooOpasue
Ha IbHHUTE Oe3rpaOHayHHM € HaW-TOJIIMO B CTapus U HOBHSA
KaHaJIu, CBbp3BallM BapHeHcKko e3zepo ¢ BapHeHCku 3aimB n
HaMalsBa B Iocoka oT BapHeHcku 3ammB kM BenociaBcko
e3epo [14]. UmncneHoCTTa HA MaKpO300OCHTOCHUTE BUIOBEC BHB
BapHeHCKOTO e3epo Oeneky MUK Ipe3 MpOoJeTTa, HO KaTo LsIo
MOKa3Ba HUCKa Oromaca.

AxBatopusTa Ha BapHeHCKOTO e3epo e 3aryOmia poisra cu
Ha Pa3MHOXKHUTEJIEH apeall 3a MPeJCTABUTENIM Ha UXTHO(ayHaTa
u Oe3rppOHavyHaTa IbHHA (QayHa. [lourn msmara gact ot pubara
HaMHpaHa TYK € OT TpaHc(epy MO BOJOEMHTE M 3allMBa, MPU
MEePHOJMYHO HACTBIIBAIA MACOBAa CMBPTHOCT Ha ChOOIIECTBaTa
ot 6e3rprOHaYHaTa TbHHA (DayHa.

He moxe nma ce mpeneOperHe ¢axrbT, ue BapHeHckoTo
esepo momaza B 3amureHa 3oHa BGO0000191 ,,BapreHcko-
Benocnascko eszepo” ot mpexxkara HATYPA 2000, xakto u B
Opuuronornyao BaxkHo wsicto (1997r.). 3ammrenara 30Ha
.BapHeHcKko-benocmaBcko  e3epo”, kapra Ha KOATO €
npencraBeHa Ha ¢urypa 3, e o0sBeHa C ILeJl OmasBaHe U
HNOAIBpXKAHE Ha MECTOOOMTaHWsATa Ha 3acTpalleHd ¢
MHTpHpAIIX BUJIOBE NTHIM, cbriacHo Jupextusa 2009/147/EO.
ToBa Hanara nmpuiiarane Ha NPUHIMIIA HA TPENA3INBOCTTa MIPH
B3€MaHe Ha  pEUICHHs, MPEIrnojaraiid yCHJIBaHE Ha
AHTPOIIOTEHHOTO BB3/ICCTBUE W/WIIM TIOCTaBsIHE IMOJ 3aIuiaxa
TO3H EJIEMEHT Ha eBpoIIeiickaTa eKoJIOrHuHa MpexKa.

W Eknocvlulc'/n“epo“’
i g N Vs

-~

@ue. 3. Kapma na 3awumena 3ona Bapuencko-benociascko esepo
BG0000191 [14]

Karo msuto mpe3 mocieaHuTe TOJUHU ce HadiroaBa ciabo
€KOJIOTMYHO BB3CTAHOBABAHE, ABJDKAIIO C€ Hail- Beue Ha
HaMaJIeHaTa MHTEH3MBHOCT Ha MHAYCTPHUAIHOTO HATOBApBaHE.
WHTeH3nbuIMpaHeTo Ha TPAHCIOPTA, KAKTO W Pa3pacTBaHETO
Ha  TPUCTAHUIIHUTE  KOMIUIEKCM W  pa3BUTUETO  Ha
MPHUCTaHUIHATA HHPPCTPYKTYpa Ca HOCHUTEIH HAa CHINECTBCH
CKOJIOTHYCH PUCK, KOMTO He MOe J1a ObJic mpeHeOperBaH.
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4. Exonozuunu acnekmu Ha pazeumuemo Ha
npucmanuuiama 6ve6 Bapnencxo eszepo

W3rpaxgaHeTo Ha HOBU NPUCTAHMINA M PA3MIUPSBAHETO Ha
CBIIECTBYBAIM Ca NPEANIOCTaBKA 32 BH3HUKBAHE Ha Pa3lIMIHU
[0 CPOYHOCT, 00XBaT U MHTEH3UBHOCT HETaTHBHH BB3/CHCTBHS
BBpPXy OKOJIHaTa cpena. Bp3nmelicTBHS ce odakBaT B erama Ha
M3rpakJaHe ¥ B JBITOCPOUYEH IUIAH IIPU eKCIUIOATalyiTa Ha
NpUCTAaHUIIHUTE 00ekTH. PeanmsamusaTa Ha WHBECTHLMOHHU
OpeUIOKEeHUs 32 U3rpakAaHe W pasliMpsBaHe  Ha
NPHUCTAHUIIHATA HHPPACTPYKTYpa, 0COOCHO B aKBaTOpHAIIHATA
4acT ca HOCHTENM Ha 3HAYMM EKOJIOTMYEH pHUCK, H3HCKBAII
MPOAKTHBHO YIIPaBJICHHE.

Or meffHOCTHTE W3BBPIIBAHH HA €TAIIMTE HA CTPOHUTEICTBO/
PEKOHCTPYKIMS, Hai-3HAYNM H3TOYHHK Ha EKOJOTHYEH PHCK
BBPXY aKBaTOPHUSATA M BOAHUTE EKOCHCTEMH Ca:

. KOPHUTHPAHETO Ha €3ePHOTO JIHHO
. HU3rpakJaHe Ha KEMOBU CTEHU
. MoIuduIMpaHe Ha Operoara JHHUASA

Ha eram excrmoaTanmsi OCHOBHHTE ACHHOCTH, HOCHTEIH Ha
€KOJIOTMYEH PUCK ca:

o TOBAp- Pa3TOBAPHHUTE IIPUCTAHUIIHH IEHHOCTH

. KOpaboIIaBaHETO

. KopaboCTpoeHe U KOpabopeMOHT

o MOAABPIKAHETO HA [BIOOYMHATA HA [UIABATCIHUTE
BTUILA.

Kopurupanero Ha JbHOTAa Ha €3€pOTO CE€ M3BBPIIBA, KAKTO
OpH  U3TpaXIaHe Ha HOBM MPHCTAHUINA, 3a JOCTHTaHE
NPOEKTHUTE IBJIOOYMHU Ipe] KeHOBHTE CTEHH, Taka M 3a
HNOAJbpXKAHE Ha IUTABAaTeTHUTE INBTUINA. Taka IparaxxHuTe
paboTH ca MPUCHIIM Ha €TAalHTa M3rpakAaHe M eKCIUIoaTalus,
KaKTO W 3a HOAIBpXKaHEe Ha JBJIOOYMHATA HA BOJIHUTE ITHTHUIIA.
WsrpaxaaHero Ha KefloBHM CTEHH, OTrpaHHYEHO B eTarma
U3rpaxJaHe BbB BapHeHCKO e3epo ce OCHOBaBa Ha
TEXHOJIOTHYHO peIIeHHe ,,BICOK POCTBEPK™. MoanpumupaneTo
Ha OperoBaTa JHHHSA CBIPOBOXKAA  M3TPAXKIAHETO W
PEKOHCTYKIMSATA Ha MPUCTAHUIIHUTE 30HHU, B aKBaTOPUATA U Ha
cymara. OTHEMaHETO Ha TEPUTOPHS W aAKBATOPUS Ca MPSKO
CJISICTBUE OT peajM3upaHe Ha MPOEKTHTE W MHBECTHLIMOHHUTE
MPEJIOKEHUS 3a U3rPakaaHe Ha IPUCTAHUILA.

Ipuchumre 3a MpUCTaHUIATAa JNEHHOCTH KaTo TOBapo-
pa3ToBapHH paboOTH, NpHEMaHe Ha OTMAAbLU- pe3yiaTaT OT
KOpaOoIIaBaHeTO, KOPaOOPEMOHT | JIp. CHIIO UMAT ITOTECHIHAT
Ja TpPUYMHABAT HETaTUBHM e(eKTH BBPXy KauecTBOTO Ha
BOJIUTE U yCTONYMBOCTTA Ha EKOCHCTEMUTE.

Cpen mocoueHHTE JEHHOCTH C BHCOKAa OIIACHOCT C€
OTJIMYABAT JparakHure paboTH, KaTto e(eKkTHTe OT TIX ce
M3IMTBAT TPH PELENTOpUTE: CeIUMEHTH, Onopa3HooOpasue u
KauecTBO Ha BojauTe. JlparnpaHeTo TMpsSKO pe3yiTHpa B
NEepMaHEHTHH NPOMEHH B CTPYKTypara Ha €3epHOTO JIeTrJo,
HapyllaBaHe Ha  [POLECUTE Ha  CEAMMEHTAIHUs |
pecemMeHTanusl W TpaHM TeOMOP(OIOKKH H3MEHEHUS B
30HHTE Ha jAparupaHe. ChIIEBPEMEHHO NPOIECHT Ha M33eMaHe
Ha JBHEH cyOCTpaT € CBIPOBOJCH C OTHEMaHe Ha JHbHHU
XaOHUTaTH W acOLMHMPAHUTE OMOJIOTWYHH BHIOBE M CHOOIIECTBA
B 30HaTa Ha Bb3AcicTBHe. HeobxomumusaT mepuox 3a
BB3CTAHOBSIBAHE WJIM PEKOJIOHM3AlMs Ha ABHHOTO CHOOIIECTBO
3a BapHEHCKOTO e3epo € oleHsBaH Ha JBe- TPU roauHu. llpu
TOBAa CHCTaBbT Ha MaKpPO300OEHTOCA B €3€pPOTO € OMPOCTEH C
SICHO JIOMHHHUpaHE Ha TOJCPAHTHHU BUIOBE C BUCOKA €KOJIOTMYHA
TUTACTHYIHOCT.

KauecTBOTO Ha BOAMTE B IEPHOJNUTE HA JparupaHe Ps3KoO ce
MOHIDKAaBa TOpPaaAM MHOTOKPATHO YBEJIMYEHaTa MBTHOCT H
IPUCHCTBUETO M PA3MPOCTPAHCHUETO Ha MBTHOCTHHS MUICH(.
VBENINYEHOTO NPUCHCTBHE Ha OOIIO Pa3TBOPEHU TBBPIM
BEILECTBA U ,,TpaHCepbT™ HA CYyCIICH3HsI Ha 3aMbPCUTEIUTE OT
JbHHHTE YyTailku BBB BOJHaTa KOJOHA B 30HAaTa Ha
ynbiabodaBaHe pediekTHpa BbPXY KHUCIOPOTHHS — PEXKHM.
Hammumero Ha MbBTHOCTeH obnak (uwiei) OT cycHeHAMpaH
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CEIUMEHTEH MaTepuall C pas3iMdyHa €JpHHAa HA YacTHLUTE
(mpeobnamaBamio OT ISACHYHM PA3HOBUAHOCTH) BOIAM [0
BIIOIIIABAHE HAa KHCIOPOIHUS PEKHM B NMPUIBHHUTE BOIH, T.K.
ChIBPKAHUETO Ha PA3TBOPEHMS KHCIOPOJ BbB BOAaTa HaMassiBa
B pe3yJITaT Ha OKUCIIABaHE Ha IbHHH OpPTraHUIHH

Jparaxxanre Macum ca crenupuueH mpoOieM  3a
Bapuenckoto e3epo. E3epHarta cucTema modtH e H3depIdia
TIOTEHIHANIA CH 32 IIpepaslpe/eleHre Ha JparupaHuTe MacH 3a
KOpHTMpaHe Ha e3epHOTo Jjerno. Tosa  mpeamonara
HEOOXOIMMOCT OT JEMOHMpPaHe Ha JparakHure Macu. Kbvm
2018r B OaM30CT HAMa Jera ChC CBOOOJCH KaIallUuTeT, KOHUTO
MoraT Ja IpHeMaT CBIIECTBEHH OOEMH JparakHd MacH.
BapuanTeT nemonupane B 12-mmiHaTa 30Ha Ha YepHO Mope e
CBBP3aHO C TEOMOP(HOIOKKH W3MEHEHHS B MICTOTO Ha
JETIOHNpaHe, PHCK OT 3aMbTBaHE M oOpaszyBaHe Ha OONaK OT
JHCTIeprupaH CeIUMEHTeH MaTepHall, H3MEeCTBall] ce TeHEepaTHo
10 IOCOKAa Ha TEYCHHATA. 30HHTE, B KOHWTO € pa3pemeHo
U3BBPIIBAHETO HA TaKaBa AEHHOCT ca ¢ M34YepnaH KaaluTeT U
BJIYP Bce o1e He ca onpenenuin HOBU TaKUBa.

CrazBaHeTo Ha AOOpHTE MPAKTUKUA IPH ABIOOKOBOIHO
JICIOHUpAaHEe OCUTypsBa 3ala3BaHe MHTEIPUTETAa Ha MOPCKOTO
IBHO, CHJIHO OTrpaHM4YaBaHE IPHCHCTBUETO HAa MBTHOCTHHS
obmak BBB BpeMero (@0 wacoBe ciel JCHOHHPAHETO),
HECBIIECTBEHH IIPOMEHH B XHMHYHOTO CBCTOSIHHE Ha
KpaiiOpexxHute Mopcku Boau. Ilo-cepHo3eH pUCK CHIIECTBYBa
NpU  CAHOBPEMEHHO [CHNOHMpAHE Ha JparaXHH MacH OT
Pa3iIMYHM WHBECTHIMOHHU NPEIJIOKCHUS, TOpal M3UepIrBaHe
Ha HPEABUJICHOTO JEINO, MOBUIIEHO 3aMbPCABAHE - MBTHOCT OT
Pa3NpOCTPAaHEHUETO Ha MO-(DMHHH YaCTHIIHU.

BHuMaHne n3UCKBaT U e(eKTUTE HA 3aMbPCSBAHE HA BOJUTE
OT TIOCTOSIHHATa JIHHOCT Ha NPUCTAaHHINATa; 0Opa3yBaHETO Ha
OTIaIbIH; TIOBUIIIEHATA 3alPALIEHOCT Ha Bb3/yXa, 0COOCHO IIpH
oOpaboTBaHE HAa HAaCHIIHM TOBapW; HapyllaBaHETO Ha
aKyCTHYHHS KOM(OPT W IIyMOBOTO HaTOBapBaHE Ha OKOJHATA
cpena, MPEACTABIABAIIA 3alIUTeHA 30HA. PUCKBT OT OTHeMaHe
Ha TEpUTOpUS W akBaTopus OT 3amureHa 30oHa BG0000191
Bapuencko-benocnaBcko e3epo B pesyirar Ha peanuzanus Ha
WHBECTUIIMOHHU TPEUIOKEHHS 33 W3rpaXKIaHe M pa3lIupsBaHe
Ha NPHUCTAaHUIIA BbB BapHEHCKOTO e3epo ciexBa Ja Obue
MOCTOSIHHO MOHUTOPHPAH.

5. 3aknrouenue

HacrosmoTo U3CIIe/]BaHe HeE MpeTeHIpa 3a
M34epraTeHOCT IO OTHOIIEHHE Ha E€KOJOIMYHHUTE acIeKTH OT
pa3BUTHETO HAa  NPHUCTAHUIIHATA MHOPACTpyKTypa Ha
BapHeHckoTO e3epo, HO JaBa OCHOBaHME J1a C€ 3aKIIOUH, Ue MpU
TpoIecupaHe Ha HOBH WHBECTHIMOHHH IIPEJIOXKEHHS 32
H3rpaXkJaHe Ha MPUCTAHMINA U PA3MINPSBaHE HA CHIECTBYBAIIN
B AaKBaTOpWSATa HA €3epOTO CJleABa Ja Ce H3HUCKBAT
JOIBJIHUTEITHA W3CJIEBAHUS BBPXY CEJUMEHTHTE W JHHHHTE
THHHU.

B mstoct MoKe Ja ce 3aKJII04YH, Y€ €KOJOTUYHUTE aCleKTH
ca U3KIIOYUTETHO BaKEH €JEMEHT OT JEHHOCTUTE II0
H3rpakIaHe u pasiupsiBaHe Ha NPUCTaHHIIHATA
uHPACTPYKTypa, 3acsArallyl HEMOCPEJCTBEHATa OKOJIHOCT Ha
WHBECTUIIMOHHUTE TPEIJIOKEHUS MM IMO-IIHPOKa reorpadcka
obmact. Karo exHa OT OCHOBHUTE NPOMHIUIEHH 30HH Ha TP.
Baphua, BapHEHCKOTO €3epo € 3HAYMTEIHO HATOBAPEHO OTKBHM
NPOMHUILICHH OOCKTH ¢ HMHBECTUIMOHHH  MPEIJIOXKCHHUS,
peanu3upaHeTo Ha KOWUTO € CBBP3aHO C PUCK OT BJOIIABaHE
KaueCTBOTO Ha €3CpHHUTE BOIM, Ha ChCTaBa W OajaHca Ha
CeOQUMEHTHTE M  JIBbHHHMTC  yTaiiki, HapyliaBaHe Ha
OGUOJIOTHYHOTO paBHOBecHE, (pparMeHTHpaHe Ha IOIMYJIAIIMATE
Ha OTAENHHU XHUAPOOHOHTH W BOJONIOOWBH HTHIM B 3allUTEHA
30Ha ,,BapHencko-benocnascko ezepo” BGO000191.
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IIpenBwkiaHeTo W OLEHKAaTa Ha  IIbJHaTa rama
HOTECHLHMAIHN IIOCIEIUIM OT W3TPaJlaHeTO W DPa3BUTUETO Ha
NPHUCTAHUIIHA UHPPACTYKTYpa € OT ChLIECTBEHO 3HAYCHHE 32
e(eKTUBHOTO NPOAKTUBHO YIPABJICHHE HA EKOJOTHYHHS DPHCK
npu Bapraencko esepo. Tazum HeoOxomuMocT ce oOycmaBst OT
ellHa CTpaHa OT 3HAYMMOCTTA Ha €3epOTO KAaTO MPUCTAHHILICH
LCHTBP M CHIIECTBYBAIIMSIT 3HAYUTEIICH aHTPOIIOICHEH HATHCT,
u He 106poTo cherostane Ha CMB Baprencko esepo. Ot gpyra
CTpaHa OT NPHUPOJO3ALUUTHHS CTaTyc Ha O0OekTa H
HE0OXOIMMOCTTa OT TapaHTHUPAHOTO My OIla3BaHE.
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Abstract. The article discusses the problems of nutrition, the impact on the human body and the ways of nutrition correction through the
development of new products with high biological value from wild-growing raw materials of Kyrgyzstan. The possibilities of using wild fruits

and berries and their complex processing are shown.
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1. Introduction

The past century, especially the second half, was
marked by an unprecedented rate of enrichment of
a person with new knowledge, which entailed
everything that is called scientific and technical
progress. The rapidly changing modern
civilization, with its colossal possibilities in any
field of human activity, has generated and still
unprecedented pollution of the human habitat,
since. human development has taken the
anthropogenic and nature-destructive path. Air,
water and food are over-saturated with industrial
and transport waste (including carcinogenic and
mutagenic benzo (a) pyrene, heavy metals,
radionuclides, etc.), pesticides, antibiotics,
mycotoxins and other numerous xenobiotics. The
consequence of this is the deterioration of the so-
called "endoecology" of human and the
widespread increase  in  environmentally
determined diseases and mortality from them.

In the Kyrgyz Republic, the negative dynamics
in the state of health of the population is more
pronounced due to the economic, social crisis that
continues today, and entails a deficit in the
nutritional ~ structure of vital macro and
micronutrients that can enhance the adaptive
functions of the body.

The emergence and development of many
nutritionally-related diseases are associated with
the quality of nutrition. The solution to this
problem is the large-scale industrial production of
so-called “healthy” food products, raised to the
rank of a state program. The first step in the
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implementation of this program should be the
development of scientific approaches to the
creation of new generation food products
containing biologically active substances with
protective, regulatory and therapeutic effects.
Food, as it is known, is a complex containing
many precursors of biologically active substances,
of which New biologically active substances are
created in the body: hormones, transmitters,
enzymes, biomolecules (DNA, RNA), and other
structural elements of the living body.

Being one of the most important factors
determining the health of the population, a
complete, balanced, rational, age-appropriate,
professional activity, living conditions, and state of
health largely determines not only the health of
children and adults, but is also an important
element in the prevention of many common
chronic  diseases, including cardiovascular,
oncological, gastrointestinal, endocrine, increases
efficiency and creates the conditions for adequate
adaptation of the organism to adverse factors of
the environment. Water, air, food raw materials
and food products contain an increased number of
radionuclides, highly toxic chemical compounds,
biological agents, pesticides, industrial and
transport waste, nitrates and nitrites, mycotoxins,
antibiotics, etc., which contributes to the growth of
negative trends in the health of the population,
reduce the well-being of people in almost all
continents and states.

Food partially or completely ceased to have
medicinal properties, to satisfy the human body in
the daily required food nutrients in accordance



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019

with physiological needs. According to the WHO,
80-95% of the substances alien to humans come
with food, 4-7% with drinking water, 1-2% of the
atmospheric air through the skin of the body into
the adjacent tissues [1].

Another objective reason for the decline in
human health, especially in economically
developed countries of the world, is the
widespread use of industrial products that have
undergone tough technological  processing,
canning, and refining, which leads to almost
complete and partial degradation of natural
biologically active compounds vitamins,
minerals, phytosterols, nucleotides and other
bioregulators of metabolism. This in turn leads to
immunodeficiency, reduced mental and physical
performance, exacerbation of chronic diseases [2].

Kyrgyzstan is among the first in terms of
incidence and mortality from stroke. Distortions in
the nutritional structure of the population of our
country, the wuse of poor-quality and often
counterfeit products affect the body’s ability to
withstand environmental aggression, hence its
health, especially the health of children.

2. Background to solve the problem

Indirect evidence of serious problems with
food, the quality of food consumed in the Kyrgyz
Republic is not only a decline in the physical
development and health of children of all age
groups, but also the continued growth of diseases
of the adult population of the country in such
nosology groups as cardiovascular, cancer, and
metabolic diseases and etc.

In the Kyrgyz Republic, if in 2015 the energy
value of the diet (2212 kcal / day) of the
population as a whole and its working part was
higher than the minimum consumption rate (2101
kcal / day) (approved by the Government of the
Kyrgyz Republic (November 6, 2009 No. 694)),
then 2017 there was a decrease by 5.1% and 0.2%,
compared with data from 2015 (2097 kcal / day)
and the minimum consumption rate (2101 kcal /
day), respectively. According to research results, it
is clear that almost all these years there has been
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an insufficient consumption of proteins (meat,
dairy products and legumes) and fats (vegetable
oils) on average by 23.3% and 16.9%, respectively

[2].

Energy demand of the population is filled by
flour and confectionery (sugar) products and
potatoes, since the majority of people in the
Kyrgyz Republic (74% of the total population,
76.7% of men and 71.1% of women) consume less
than 5 servings of vegetables and fruits per day
(MOH KR, WHO, 2013) with the recommended 5-
9 servings (on average at least 400 g/ s).

Of great concern is the lack of nutrition among

children. So, in the diet of the child population (1-
17 years) during 2015-2017. there was a
pronounced shortage of not only protein (by
27.5%) and fat (by 22.7%), but also energy value
(by 2.5-2.8%). In children aged 1-3 years, the lack
of proteins (by 46.8-45.2%), fat (by 44.1-40.7%) is
almost half, and the deficit of kilocalories (by
26.1-22, 5%) - one fourth of the minimum need for
them per day [3].
According to the Ministry of Health’s research,
there is a high prevalence of iron deficiency
anemia among the population of the Kyrgyz
Republic (37.8% of pregnant women and 34.2% of
non-pregnant women, 42.6% of children), latent
iron deficiency (41% of women), folate deficiency
(42% of non-pregnant women), iodine deficiency
disorders (61.6% of pregnant women and 43.1% of
children of school age), obesity overweight (35.7%
of women and 9% of children of the first 5 years of
age), underweight (7, 3% of women and 18% of
girls 15-19 years) [4].

Another important problem for citizens of the
Kyrgyz Republic related to nutritional deficiencies
is the high content of transgenic fatty acids and salt
in the food products of the population of the
Kyrgyz Republic. The development of overweight
and obesity, diseases of the heart and blood vessels
(high blood pressure, heart attack, stroke, etc.),
type 2 diabetes, and some forms of malignant
tumors are associated with excess ingestion of
transgenic fatty acids into the human body. In the
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Kyrgyz Republic, for several years, heart and
vascular diseases continue to occupy the first place
in the structure of causes of mortality of the
population (50.5%, RMRC).

In rural areas in Kyrgyzstan, more than 60% of
families are unable to provide the minimum
physiological need of children for basic foodstuffs,
which is a threat to the preservation of the gene
pool of the nation.

In terms of social groups (in terms of income), the
most disadvantaged nutritional situation was
among the citizens of the first quintile group (1
million 252 442 thousand people), who did not
receive Kkilocalories, proteins and fats in the
prescribed amount. Nutrition above the established
level in all three estimated indicators is obtained
only by citizens from the fifth, most wealthy
quintile group (1 million 250 448 thousand people)

[5].

Socio-economic shocks, the deterioration of
the material well-being of the majority of the
population, together with psychosocial and
climatic-geographical factors, led to the growth of
such diseases as anemia, iodine deficiency,
malnutrition, and dystrophy of children and adults.
In this case, the first thing need is treatment with
proper nutrition.

Accumulated international experience suggests
that it is almost impossible, due to economic,
social and other factors, to achieve a rapid
correction of the nutritional structure due to
increasing the production of common types of
food, as well as improving its quality and safety in
traditional ways [6].

3. Experimental part

In these conditions, the most effective, reasonable
and economically acceptable way to solve this
problem is the creation and expansion of food
products with high biological value.

The use of wild-growing fruits and berries as
food with a high biological value makes it
possible, on the one hand, to quickly and easily
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eliminate the deficiency of essential nutrients that
have a regulating effect on the organism as a
whole or on certain systems, organs or functions,
and on the other, to increase non-specific
resistance of the organism to the effects of adverse
environmental factors, to maintain a beneficial
microflora in the human body, to reduce the risk of
developing long-term effects of the environment
[7].

For the prevention and correction of nutrition,
we propose the use of wild-growing raw materials,
which are not widely in demand, but at the same
time are most important for maintaining human
health and developing new foods with high
biological value, natural foods made from
environmentally  friendly  wild-growing  raw
materials, growing on the territory of our republic.

The main advantage of new types of food is
100% use of natural valuable types of raw
materials with a high content of biologically active
substances and multifunctional therapeutic and
prophylactic properties. The basis of the selection
of food models with a high biologically active
value is the state of public health (reduced
immunity, impaired functional activity of the
gastrointestinal  tract, cardiovascular system,
atherosclerosis, arthritis, etc.), as well as the
requirements of good flavoring and high biological
value, balancing the nutritional value of foods
according to the formula of nutrition in a quality
set [8].

Blood red hawthorn is an additional raw
material resource for the processing industry.
When hawthorn fruits are combined with cultural
fruits and berries, a product of better taste, aroma,
color is obtained than products obtained from
some varieties, which allows expanding the
assortment of the products. According to the
Department of Forestry of the Kyrgyz Republic,
130 species of wild fruits and berries grow in the
south part of the country, which occupy 603
hectares of land. The annual collection of wild
fruits and berries amounts to 5,000 tons. Among
them the great interest is the blood-red hawthorn.
Due to varietal characteristics, hawthorn is not
used in the food industry.
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The main purpose of the work is to develop
optimal modes of extracting blood-red hawthorn,
with the aim of further using the extract in the
production of food with high biological value
(drinks and jelly).

Extraction of blood-red hawthorn was carried out
in experimental conditions in reactors with a stirrer
on the basis of JSC "Bailyk".

Extraction was carried out in two staged direct-
flow method, with different margins and water
ratios, and different temperature conditions. The
obtained extracts were subjected to chemical
analysis.

The modes in which the largest amount of
biologically active substances passes into the
extract and in which no color changes occur, the
taste of the extract, and which do not lead to
difficulties in carrying out technological processes
were chosen as the optimal temperature regimes of
extraction.

To extract the fruits, the blood red hawthorn

was blanched at a temperature of 80-90 ° C with
live steam for 3-5 minutes, then wiped with a
single-stage wiping machine. Primary marc after
obtaining puree, poured water was extracted at a
temperature of 750 © C for 30 minutes. The ratio of
water and marc: 2:1.
The obtained primary extract was reused to extract
secondary marc under the same conditions. The
chemical composition of the raw material of
blood-red hawthorn and secondary extract was
studied. The results are listed in table 1.

Table 1
Analysis of the chemical composition of blood-red
hawthorn and secondary extract

Name of raw materials Blood-red Secondary
Indicators hawthorn extract of
blood-red
hawthorn
Dry matters, % 22,2 7,84
2 Total 15,40 6,30
88 Mono and disah 12,00 5,54
S £ < [Sucrose 3,40 0,76
Organic acids, % 0,60 0.31
Vitamin C mg% 89,00 12,2
Pectic substances, % 3,66 3,08
Cellulose, % 1,78 2,32

In these conditions, the most effective, reasonable
and economically acceptable way to solve this
problem is the creation and expansion of food
products with high biological value.

The chemical composition of the extracts
obtained according to the above regimes shows
that mono and disaccharides, pectic substances are
contained in the greatest quantity.

The content of a large amount of pectic
substances in the extract is due to the fact that
hawthorn fruits are subjected to heat treatment,
which leads to an increase in soluble pectin. Pectic
substances are  very important  matrix
polysaccharides. Pectic acids are very easily
extracted with water and are capable of forming
gels. This ability in this work we use in the
production of marmalade from secondary extracts.

A significant decrease in the sucrose
content is due to the fact that in the process of
extraction, obviously, under the influence of high
temperature, sucrose is inverted to
monosaccharides.

The mineral composition of the secondary
extract of the blood-red hawthorn extract was also
studied.

Table 2
The mineral composition of the secondary extract
of the blood-red hawthorn

Name of studied raw | Blood-red hawthorn

material (second extraction)

s Na 11,74
g, @ R 178,2
£58 Ca 10,24
=0 Mg 8,99
258 P 7,79
SZss Fe 0,74
gEee

From table 2 it can be seen that the mineral
composition of the secondary extracts is also rich.

Residues from secondary extraction mainly
contain fiber. From the recently published WHO
data on the relationship between the nutritional
status of the population in economically
developed countries and mortality from
cardiovascular diseases, it follows that there is a
clear negative correlation between the latter and
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the level of fiber intake and positive - with the
total caloric intake and also with the consumption
of food of animal origin. Given these properties of
dietary fiber, squeezing hawthorn after secondary
extraction is used for the production of dietary
fiber.

4. Conclusion

Thus, studies on the study of secondary
extracts from blood-red hawthorn, as a basis for
creating new products with high biological value,
show that:
- the obtained extracts contain a sufficiently high
amount of biologically active substances;
- due to the biological value, the obtained extracts
can be used for the production of diffusion drinks,
jelly, marmalade;
- residual squeeze after secondary extraction,
mainly contain fiber, and their use for the
production of dietary fiber is possible;

From the obtained secondary extracts, a
technology and formulation for obtaining diffusion
drinks and marmalade have been developed.
Conclusion:

- experimental data obtained confirm the
feasibility of using blood-red hawthorn as an
object for obtaining food products;

- justified and obtained a number of relationships
that allow at the stage of preliminary research and
practical implementation of the production of
beverages, jellies, the necessary rational
parameters of extraction modes.

- the results of various extraction methods were
studied and summarized, the optimal ones were
chosen.

- blood-red hawthorn husks are a rich source of
pectic substances, and can be used to obtain food
semi-finished products used in the canning and
confectionery industry.

Thus, the blood-red hawthorn is an effective
source of biologically active substances, most of
which are extracted from the pomace with water,
under certain optimal conditions, and can serve as
an additional raw material for obtaining new foods
with high biological value.
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Abstract. Three types of oxide sol gel coatings: TiO,, CeO, and TiO,/CeO, composite were deposited by sol gel method on stainless
steel and carbon steel. The morphology was examined by means of Scanning electron microscopy (SEM). X-ray diffraction analyses (XRD)
were applied to investigate the phase composition. The corrosion resistances of the coatings were studied by evaluation of the weight loss in
NaCl medium for 1200 hours. The surface of the TiO, samples were relatively dense with a few surface nanocrystals and after tests does not
shown any signs of corrosion. The composite TiO,/CeO, samples possess deep cracks which evidently favor the attacks in corrosion medium.
Ceria and titania coatings deposited on stainless steel have zero weight loss in corrosive medium. The TiO, coatings could also effective
protect carbon steel, while the TiO,/CeO, and CeO, coatings exhibited lower corrosion resistance.

Keywords: SOL-GEL, NANOSIZED FILMS, PROTECTIVE PROPERTIES, FILMS

1. Introduction

The family of stainless steels is widely used in various industires
as well as in the biomedical sectors due to its tailorable barrier,
mechanical, etc properties and biocompatibility [1]. However,
in the presence of halide ions, corrosion proceeds in stainless
steels [2]. Carbon steels are the most commonly used pipeline
materials in petroleum industry, but they are prone to corrosion
in environmental containing CO2 [3]. In order to overcome this
problem various oxide films (SiO,, ZrO,, Al,05 and TiO,, can be
deposited on the metals to improve their barrier properties [4,5].
Among them titania and ceria coatings are the most widely used
the barrier properties of the steels. Pinzon et al have successfully
obtained thermally sprayed alumina-titania anticorrosion coatings
on carbon steel/DIN 1.0065 USt37-1/ [6]. The preparation and
properties of TiO,-CeO, coatings by the sol-gel dip-coating
process, using cerium chloride and various titanium alkoxides,
and the effect of catalysts were studied. Gelation time of the
coating solution became longer with an increase in the molecular
weight of titanium alkoxide. The transmittance, thickness,
chromaticity and acidic durability of the coating films were
measured as a function of aging time of the coating solution. The
most transparent and acidic durable coating film was obtained by
using a solution just before gelation. In the case of using a
solution with a catalyst, the thickness became thinner with
increasing pH of the coating solution [7]. Mixed CeO,-TiO,
films with different Ce/Ti mole ratios were prepared following an
alcohol based sol-gel route via the spin coating technique using
mixed inorganic-organic [CeCls.7H,O and Ti(OPr),] precursors.
lon storage capacity for films obtained from aged sols was
studied. Enhanced titanium oxide content improved the insertion
capacity of the corresponding films as was evident from inserted
charge determined by multiple step chronoamperometric
measurements [8]. The aim of this study is to investigate and
compare the corrosion behavior of three oxide coatings (CeO,,
TiO, and Ce0O,-TiO,) deposited on stainless steel AISI 316 and
carbon steel.

2. Experimental procedures

2.1.Deposition procedures

Two types of substrates were used for the deposition of
anticorrosion coatings: stainless steel AISI 316 and carbon
steel/DIN 1.0065 USt37-1/. The substrates were cleaned
ultrasonically in hot ethanol and acetone, after that were dried in
air at 1000C.Three types of samples were prepared: cerium

oxide, titanium dioxide and titanium -cerium composite oxide.
Cerium nitrate ( Ce(NO3)3.6H,0) dissolved in isopropanol was used as
precursor solution. The substrates were immersed in the solution and
holding for 10 seconds, after that withdrawn at a speed of 30 mm/min.
Then, the samples are dried in air first at 100°C for 1 hour, after which
the temperature rises to 300°C for 1 hour. After fifth dipping-drying
cycles the samples were treated at 400°C and were denoted as C1 (on
stainless steel) and C3 (on carbon steel/DIN 1.0065 USt37-1/).
Titanium isopropoxide (TTIP) were used to obtain the TiO2
deposition solution. Acetylacetone (AcAc) is used as a stabilizing
agent. Titanium isopropoxide (TTIP); Ti(OCsH;), 98% purity,
(Acros) and AcAc are dissolved in 2-propanol. The resulting solution
is transparent and orange in color, which is typical of the chelated
complex formed. The complex formation reaction is exothermic. After
vigorous stirring at room temperature, a mixed solution of distilled
water and i-propanol was added dropwise to the above solution under
continuous stirring. The molar ratio of components is TTIP: iPrOH:
H,0:AcAc=1:30:1:1. The resulting solution was denoted as 1. Then
the deposition-drying procedures and final treatment followed the
scheme described deposition of CeO, coatings. The samples were
denoted as T1 (on stainless steel) and T3 (on carbon steel). For the
composite coatings were used solution mixture of titanium and cerium
precursors in atomic ratio 30/70. Then the deposition-drying
procedures and final treatment followed the scheme described
deposition of CeO, coatings. The corresponding samples were denoted
as CT1 (on stainless steel) and CT3 (on carbon steel)

2.2 Analyses

The phase compositions of the samples were studied by X-ray
diffraction (XRD) with CuKa-radiation (Philips PW 1050 apparatus).
A scanning electron microscope (SEM) Philips 515 was used for
morphology observations of the films.

2.3. Evaluation of the corrosion resistance of the
coatings.

The corrosion resistance of the samples was evaluated weight
loss method, using salty corrosive solution of 3.5% NaCl at 25°C (EN
1SO10289/2006). The corrosion resistance of the investigated samples
and uncoated stainless steel (reference sample). The temperature of the
solution and the air temperature were controlled by calibrated
thermometers. The mass weight loss was determined after 1200 hours
of corrosion attack.
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3. Results and discussion

From the XRD analyses of the both C and CT samples
confirm the presence of pure cubic CeO, phase according to
JCPDS card 43-1002 with polycrystalline nature. It has to be note
that in the composite CTland CT3 coatings (i) no peaks
corresponding to anatase phase were detected; (ii) peak
broadening was observed in comparison to the pure ceria
coatings (Fig. 1la,b). X-ray diffraction pattern of T1 and T3
coatings revealed pure anatase phase without any peaks of rutile
or brookite phase. The average crystalline size of CeO, coatings
is 7 nm, while the composite materials have lower crystalline size
- 4 nm. This may be due to the formation of Ce—O—Ti bonds,
which inhibited the crystallite growth of TiO,. The TiO,
crystallite size was calculated from the highest intensity plane

(101) and found to be around 13 nm.
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Fig. 1. XRD patterns of CeO, (a), CeO,-TiO; (b) and TiO; (c) coatings on
stainless steel AISI 316

Figure 2 shows the SEM images on the surface of the
samples before and after the corrosion test. Sample C2 is
relatively dense and smooth. After the corrosion test, the surface

retains its characteristics and holes, pits and other characteristic signs
of corrosion are not obsevable (Fig 2b).

20kV " X2,000 10pm 10 42 SE1

Fig. 2. Morphology of freshly prepared CeO, (C1) - (left) and after corrosion
test (right)

20KV X20,000 1pm 10 41 SEI

Fig. 3. Morphology of freshly prepared TiO, (T1) - (left) and after corrosion
test (right) at higher magnification (20 000).

Fig. 3 shows the morphology of the TiO, coating, obtained
from the titanium isopropoxide sol on stainless steel substrates. The
surface is continuous, but microcracks are visible, which could be due
to the small residual compressive stresses [9]. During the drying,
crystallization and densification processes the coatings were subjected
to fracture and macro cracking due to the intrinsic film stresses, caused
by chemical reactions during drying, difference in thermal expansion
coefficients between substrate and the TiO, film, grain interaction and
grain size of the TiO, film [10]. Also the stainless steel substrate has a
higher coefficient (17x10 %C) of linear thermal expansion than the
TiO, film (2.1-2.8x107%C) [11]. On cooling, the stainless steel
substrate shrinks more than the TiO, film leading leading to the
formation of small microcracks.

As can be seen the coating C3 has a relatively dense, but rough
surface with several microcracks. After the corrosion attack the
morphology changes, and visible signs of corrosion are visible (Fig 4-
c,d).

10 27 SEI

X10,000  1pm

&
iy
20kV  X10/000 1pm 10‘1._10 SEI

Fig 4-d

Fig 4-c

Fig. 4. Morphology of freshly prepared CeO, on carbon steel/DIN 1.0065
USt37-1/ (C3) - (a,b) and after corrosion test (c,d).

It has to be note that the surface morphology of TiO, coating
is a relatively dense without cracks. (Fig. 5) It is obvious numerous
small crystallites on the surface. After the immersion in corrosive salt
medium the surface of titania coating remains almost unchanged even
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such long period of time. This result proves the good

barrierproperties of TiO, coatings deposited on carbon steel/DIN
1.0065 USt37-1/.

1030/SE} 1029 SEI

X10,000 . 1pm - 20KV X10,000 fpm

Fig.5. Morphology of freshly prepared TiO, coatings on carbon
steel/DIN 1.0065 USt37-1/ (T3) - (left) and after corrosion test (right).

200V X10,000 1pm-

10 34 SEI

Fig. 6. Morphology of freshly prepared CeO, —TiO, coatings on carbon
steel/DIN 1.0065 USt37-1/ (CT3) - (left) and after corrosion test (right).

It has to note that the corrosion attack influences
significantly the surface features of the composite CT coatings.
The SEM pictures revealed deep craters and even sections, where
the coating has begun to be removed from the substrate.

Table 1. Corrosion rate for all tested coatings after 50 and 1200 hours
corrosion attack.

Sgrcr)]cri)e!e Kso [9/m2h] K1200 [9/m5h]
CT1 0 0.002
CT3 0.030 0.028
C1l 0 0
C3 0.021 0.032
T1 0 0

T3 0.002 0.007

The analysis of the results of the corrosive test is as
follows. For CT samples the corrosion rate K is the lowest for
CT1 (after the first fifty hours it is zero) and the highest for CT3.
In the Ce series in the Cel sample there is no corrosion process
during the first fifty hours, and in the second run (1200 hours) the
weight loss is negligible and the value of K is equal to zero.
These results refer to both test periods. In the TiO, coatings, T1
corrosion rates K are zero for both test periods due to minor
weight changes. In T3, the corrosion rate is higher than that of T1
in both periods.

The weight loss of CT coatings deposited on stainless steel
after corrosion atack is 7 x10”° g/m?, while for T1 and C1 zero
weight loss was observed (Fig. 7) The corrosion resistance of the
all investigated coatings on stainless steel is higher, than those on
carbon steel/DIN 1.0065 USt37-1/. The results presented on
Figures 6 and 7 confirm that TiO, coatings exhibit increased
ability to protect both the stainless and carbon steels, in
comparison to that of C and CT coatings. This result probably is
due to the less pronounced crystallization of titanium dioxide
(Fig. 1-c) and suitable surface features.
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Fig. 7. Weight loss for all tested coatings after 50 and 1200 hours corrosion
attack.

CT3 Ce3 Ti3

4, Conclusion

The anticorrosion resistance of stainless steel and carbon steel
coated with several coatings: TiO,, CeO, and TiO,/CeO, by sol gel
method were investigated. The coatings on stainless steel are relatively
dense. After the corrosion attack the morphology of cerium dioxide
coatings changes, and visible signs of corrosion are visible. It is
obvious numerous small crystallites on the surface. The composite
TiO,/CeO, samples possess deep cracks which evidently favor the
attacks in corrosion medium. Titania coatings exhibit good barrier
properties both on stainless steel and carbon steel: the surface of
titania coating remains almost unchanged even at such long period of
corrosion attack. Ceria and titania coatings deposited on stainless steel
have zero weight loss in corrosive medium. The TiO, coatings could
also effective protect carbon steel, while the TiO,/CeO, and CeO,
coatings exhibited lower corrosion resistance. This results could be
due to the less pronounced crystallization and suitable surface
morphology of the titania coatings.

Acknowledgement: The authors are grateful to the financial support of
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Science, Contract No DN07/2 14.12.2016.
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GEOINFORMATION MODELING
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Abstract: Modeling can be defined in the context of geographic information systems (GIS) as occurring whenever operations of
the GIS attempt to emulate processes in the real world, at one point in time or over an extended period. Models are useful and used in a vast
array of GIS applications, from simple evaluation to the prediction of future landscapes. Modeling in GIS raises a number of important
issues, including the question of validation, the roles of scale and accuracy, and the design of infrastructure to facilitate sharing of models.
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DATA INTEROPERABILITY

1. Introduction

In recent years, information has become a growing and vital
place in the development of society. Because of its growing
importance, the XXI century is increasingly being called a
century of information technology. This applies equally to the
military field where the preparation and conduct of combat
operations is impossible without reliable information.

In the process of development, the modern information
society is increasingly experiencing new form and content
conflicts and crises caused by different processes. The experience
of recent years shows that crises are interdependent with the
internal and external socio-economic and political environment
and heavily dependent on the information linking of society.

2. The essence of geoinformation modeling.

In order to make a logical description of the subject area, a
model of the data is required for its modeling. In an appended
embodiment, the data model is such a data organization that,
through the types and structures of data processed by a computer,
allows logical and physical implementation of the database for
any subject area.

Data modeling means a multitude of conceptual data
organization solutions and the data structure is a detailed
description of the data through lists, arrays, files and their storage
in a computer [7].

The basis of most data processing methods in information
systems and technologies lies in the concept of an information
model representing a formalised representation of existing
objects from reality. The information model serves to describe
the relationships between real objects and phenomena and can be
built for an object, a set of objects, complex systems, information
systems, etc.

The information model of the object (process) provides a
formalized representation of the studied elements of the system
and their interrelations and contains different levels of
descriptions: object, system and base [3].

Information modeling is the ability to build information
models and their analysis needed to study real-world objects.
Information modeling can be seen as a modern information
technology. It includes skills for creating, interpreting and
modeling different information models.

Modern information modeling requires skills to work with
information to make a qualitative transition from descriptive
models to resource and resource to intellectual. For this reason, it
can be argued that information modeling is the basis for future
intellectualization of education, linking the link between
information and intellectual society.

To construct an optimal information model that meets the
requirement to increase the efficiency and quality of the
information system, it is necessary to define the basic concepts
and constructions characteristic of the subject area.

The introduction to the spatial object modeling theory
provides a basis for defining the information concept of the real
world.

3. Information concept for the real world.
According to the information concept [5], space consists of
separate objects. Each object is represented by:

* points;

* boundaries defined by lines;
» graphic attributes for the border elements;
« attribute data for the object;
« relationships (links) of one graphic object with the other

objects.

At the same time, space consists of continuous areas. Each
continuous area has:

* boundaries defined by points or by analytical function;

« graphic attributes for the border elements;

« attribute data for the area;

« relationships (relationships) of one area with other areas.

Objects and continuous areas make up the space without
overlaps and without any omissions (no shortage).

Through the information concept, the following stages of
modeling are distinguished:

« a conceptual model of space;

» modeling with data (data models);

» computer presentation, visualization, and model usage.

The sequence of modeling of the real world is presented in

figure 1.

Informational modeling in general, regardless of the field of
application, must correspond to a particular concept and be
directed to presenting and studying the surrounding reality.

@AL WORL >
The space consists The space consists
C":q‘ﬁgl”a' \ | of fully defined of smooth
objects continuous areas
Graphical space is
represented by:
Graphic - a set of discrete Graphical space
conceptual data ) | objects; «§— consists of smooth
model - attributes  of continuous areas
objects;
-relations.
Surfaces defined with
Each discrete object discrete data
Concept of consists of:' N
presentation - a set of primitives; -
and - attributes of Continuous smooth
visualization of primit_ives.; surfaces
the model - relatlves,
- legal status. Continuous stochastic

surfaces

Figure 1. Information concept for the real world.

Similar trends are also observed in electronic intelligence
systems. For example, by determining the location of an
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opposing station, it can be affected™.

The process of examining objects of real reality can simply
be represented by the attitude:
object — content — presentation 1)

Using information modeling, this process is interpreted as
follows:

essence — description of properties — referral of
properties to a known class — description of relations
between properties — abstract description of systems of
properties and relations — functional description of
properties and relations — selection of sets of (2)
information units — modification of input sets of
information units — study of the change of the input
data sets.

The basis of the data processing process is digital modeling.
It allows for vector-topology modeling, object buffering, network
analysis, building a digital model of the site, etc.

In the processing of information to create a database, the geo-
data grouping units are geo-information models. They serve as
the basis for the formation of geoscience for real objects and
phenomena.

The data model presents static and dynamic properties of the
surrounding world with the desired degree of precision. Modeling
means abstraction of reality, and this is the core of any
information system. Abstraction simplifies reality, but retains the
relevant information for each user and the necessary detail. In
geoinformation, modeling is a formalization or representation of
reality through a variety of tools and approaches.

Geoinformation modeling is defined [9] as a graphical object
modeling model interconnected with databases and includes five
basic types of modeling:

1. Conversion of graphical information
modification of graphical and tabular data;

2. Structuring of tabular data, resulting in alteration of
graphical and tabular data;

3. Converting graphical objects from one type to another;

4. Building digital phenomena models;

5. Editing, editing or modifying graphical objects based on
spatial object relationships (without the use of graphical editors).

The basis of geo-information modeling as a specialized
technology are transformations based on the theoretical-multiple
relationships, the laws of formal logic, image processing
algorithms, computer graphics, DBMS technologies and others
[9].

There is no ideal model that is claimed to represent 100% of
reality. This is due to the existing stages of modeling and the
accepted concepts, definitions and semantics used by different
user groups.

Planning operations in military intelligence® requires the
creation of a well-known battlefield picture, which is basically
geo-information modeling.

In geo-information modeling, real objects and phenomena are
represented by a formalized description, which becomes the basis
for the study of the objects and their interrelation. The following
abstraction levels are applied (Figure 2):

- reality - the real world,

- a conceptual model - a user-oriented, partially structured
model of the selected objects and processes used in a particular
problem area;

resulting in

! Lazarov L.1., The basics of the electronic war, Veliko Varnovo,
2018, p. 88

2 Yankov Y.l., Human intelligence — planning in operations
other than war, Collection of reports from the Annual University
Scientific Conference, V. Varnovo, 2011, p.2
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- a logical model - is an application-oriented image of reality;
is often represented as a diagram showing the selected objects
and the relationship between them;

- physical model - describes the files and tables used to store
data; specific application.

Computer Real world
world
IT systems Subject areas
Applied Business
processes processes
Information
processes

Figure 2. Abstraction levels in geoinformation modeling.

The data model M consists of basic rules R and operators O
[11]. The basic rules R are implemented by:

- the Rs structure, which includes the type and organization
of model data;

- the Ro restrictions, which define boundaries of the model
structure.

Operators O include operations and procedures for working
with data, with their properties and relationships at any particular
point in time.

For defining, formalizing, and solving a given task, a part of
the real world, called a subject area, with clearly defined
boundaries that can be described by a finite number of objects,
actually existing or abstract, is used.

With the development of database theory (DB), various
methodological approaches are being developed to design and
physically store data. The external level is the initial stage of
designing an AB [6], where each user declares his / her interests
from the real world, which must be reflected in the DB. This
process is accepted to be called the creation of external schemes
or external models that are not associated with a particular
operating system or computer configuration.

Space can be conceptualized in different ways for geospatial
analysis purposes. The conceptual model can be created when
external schemes are described with the concepts of a particular
data model. It does not depend on the operating system of the
computer and its parameters.

CONCLUSION

1.  In geoinformatics, the extraction of knowledge about
the surrounding world is accomplished by a maximum of sources
compared to other sciences. Geoinformatics operates geo-
information and geodata, integrating different types of
information. This extends the scope for complex analysis to
support decision-making and response forces management.
Modern trends in the development of geoinformation
technologies that are relevant in terms of maximizing the rapid
production and dissemination of geospatial information are an
important element for achieving early warning system
operability.



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019

LITERATURE

1. Lazarov L.I., The basics of the electronic war, NMU “V.
Levski”, Veliko Varnovo, 2018, p. 88, ISBN 978-954-753-270-0

2. Yankov Y.l, Human intelligence — planning in
operations other than war, Collection of reports from the Annual
University Scientific Conference, V. Varnovo, 2011, vol. 6,pp.
136-140, BT, 2011, ISBN 978-954-753-089-8

3. Andreev Al, Markov M.M., Geographic Information
Systems, Shumen, 2009

4. Bugayevsky L.M., Tsvetkov Y. Geoinformation
Systems, School Supplies for Moscow, 2000, 222 p.

5. Valchinov VG, Geoinformatics, UACEG, Sofia, 2003

6. Delieska B., Geographic Information Systems, Lotus IS,
Sofia, 2003

7. de Mers M.N., Geographical Information Systems,
Moscow, Date +, 1999Bright Osei Twumasi, Modelling spatial
object behaviours in object-relational geodata-base, International

99

institute for geo-information science and earth observation,
Enschede, Netherland, 2002

8. Cova T.J. Extending geographic representation to
include fields of spatial objects, Int. J. geographical inforation
science, vol.16, Ne 6, 509-532 p., 2002

9. Goodchild M.F., Towards a general theory of geographic
representation, Wiley, 2002

10. Konechny M. at all, Multimedia textbook of
Geoinformatics, First int. conference on cartography and GIS,
Bopogew, 25-26 anyapu, 2005

11. Longley P. A., Goodchild M. F., Maguire D. J., Rhind D.
W., Geographic Information Systems and Science, WILEY, 2006

12. Smith M. J., Goodchild M. F., Longley P. A., Geospatial
Analysis, SE, 2007

13. http://www.nwgis.com,
15.05.2018

2.

Spatial ~ Analysis, Accessed



HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2019
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Abstract: New multicomponent glasses in the system WO;-La,05-B,05-Nb,Os doped with Eu®*, as a transparent active media for optical
application were obtained. Physical parameters as density, molar volume, oxygen molar volume and oxygen packing density were
determined. The thermal behavior of the obtained glasses was examined by differential thermal analysis (DTA). It was established that glass
crystallization temperature is about 750°C. Microstructural characterization was made by Raman and UV-VIS spectroscopies. Based on the
obtained spectral data short-range order and connectivity in glass network were determined. High photoluminescence emissions due to the
4f transitions 5D0—>7Fj (j=0-4) of Eu®" ions were observed. Colorless bulk tungstate glass, containing Nb,Os with high transparency and

high refractive index were prepared.

KEYWORDS: GLASS, DENSITY, REFRACTIVE INDEX, RAMAN SPECTROSCOPY

1. Introduction

Glasses belong to advanced functional materials. Their
properties (electrical, optical) depend significantly on the local
structure of the glass. Thus, the luminescence properties of rare
earth elements depend largely from the matrix in which they are
doped.

The tungsten and niobium oxide based glasses are suitable for
optical applications, as well suitable matrices for doping with active
ions possessing characteristic emission in the visible area [1-3].

Eu®* ion is the most popular and important active ion for
obtaining intensive red emission. The emission intensity of
europium (I11) ion embedded in tungstate phases is prominently
enhanced (compared with that of Eu* in the most hosts) because of
the non - radiative energy transfer from the WO, group in the host
matrix to the rare earth ion. Moreover, in Eu®" doped tungstates,
pure red color can be obtained due to the distortion of the local
symmetry of Eu®* ion in the host. As a result, tungstate glasses can
serve as competitive host materials in the optical field. On the other
hand Nb,Os-based glasses exhibit excellent optical properties
exceeding those of commercial optical glasses. These glasses show
a wide optical transparency in the visible to IR range and have a
high refractive index (over 2.1) in the visible region with low
wavelength dispersion.

Our experience in synthesis and structural investigations of
tungstate glasses motivates us to examine the possibility of
synthesis of tungstate glass with participation of Nb,Os and to
establish its influence on physical, structural and luminescent
properties of Eu®* added in the glass matrices.

For the initial tungstate glass, 50WO;25La,0525B,0;
composition was chosen whose structure and physical properties
were established in our previous studies [4-6].

2. Experimental

Samples with the compositions: 50WO;:25La,03:25B,0;
(WLB), 40W0325La20325820310Nb205 (WLBN),
50WO3:22L3203:258203:3EU203 (WLBE), and
40WO3:lOszO5:22Lazo3:25Bzog:3EU203 (WLBNE) (mol%) were
prepared using reagent grade Nb,Os, H3BOs; La,0; WO; and
Eu,0s. The batches (each batch weight: 20 g) were melted at 1250
1280 °C for 30 min in a platinum crucible in air. The glasses were
obtained by pouring the melts onto an iron plate and by pressing
with another iron plate (cooling rate: ~10? K/s). Density of the
glasses at room temperature was determined with the Archimedes
method using distilled water as an immersion liquid. The glass
transition (Ty) and crystallization (T,) temperatures were
established by differential thermal analyses (DTA) (RigakuThermo
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Plus TG 8120) at a heating rate of 10 K/min (+1 K). Optical
transmission spectra were measured in the wavelength (L) range of
300-1000 nm at room temperature using a spectrometer (Shimadzu
U-3120). The uncertainty in the observed wavelength is about + 1
nm. The optical energy gap (E,p) of glasses was calculated from the
transmittance spectrum using Tauc plot road and following
equation:

ahv = AChv — Egpe)* oo,
where o is the absorption coefficient, h is the constant of Planck, v
is the frequency of light and A is the energy constant.
Refractive indices at a wavelength (X) of 632.8 nm (He—Ne laser)
were measured at room temperature with a prism coupler (Metricon
Model 2010). Raman scattering spectra at room temperature were
measured with a laser microscope (Tokyo Instruments Co.,
Nanofinder) operated at Ar* (A = 488 nm) laser with resolution of
41 cm’'.  The photoluminescence (PL) spectra of
50W0;:22La,05:25B,03:3Eu,03 and
40WO0;:10Nb,05:221a,03:25B,03:3Eu,05 glasses in the visible
region of Eu®* ions for the glass samples were measured with a PL
spectrometer (Hamamatsu Photonics: C9920-20) at room
temperature, in which the excitation light with a wavelength of £ =
397 nm was used.

3. Results and Discussion
3. 1. Glass formation

Homogeneous transparent glasses were obtained from the all
compositions  studied.  Figure 1  presents pictures  of
50W0,:25B,03:25La,0; and 40WO3:25La,05:25B,03:10Nb,05
(WLBN) glasses. In order to polish the glass samples, they were
heat treated at temperature, which is 10 °C below the glass
transition temperature for the relaxation from the internal stresses.
Despite this, the Nb,Os - free glass, cracked and broke into small
pieces. This result shoes that desirable sized bulk sample can be
obtained from the Nb,Os - containing composition only.

I il
= TS % Gt TR SO, . T o

s
4N

Fig. 1. Pictures of a) 50W05:25B,05:25La,05 (WLB) glass;
b) 40W0O3:25La,05:25B,05:10Nb,0s (WLBN) glass
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Obviously, the presence of Nb,Os, increases the glass forming
ability and stability of the samples which is important from the
technological point of view.

3. 2. Physical properties

The simplest way of detecting structural changes in glass
network, with compositional variation is by probing its
rigidness/flexibility by measuring the glass density and calculating
of molar volume, oxygen molar volume and oxygen packing density
of the glass system [7, 8]. Having in mind this, we measured the
density of the obtained multicomponent glass containing 10 mol%
Nb,Os (WBLN) and compared with the density of the
50W0;.25B,03.25La,05 (WBL) glass previously reported by us in
ref [6] in order to check the effect of the Nb,Os on the physical
properties and structure of the ternary tungstate glass.

The density of glasses was estimated according to the
Archimedes principle by using the equation:

Wa

Pg = Wo—W,

where, W, is the sample weight in air, W, is the sample weight in
the water, py is the density of the water. Theoretical density of
glasses was calculated by the following equation

where, p; is the density of i oxide component and x; is its mole
fraction in the composition. From the experimentally evaluated
density values the molar volume (Vy,), the molar volume of oxygen
(Vo) (volume of glass in which 1 mol of oxygen is contained) and
the oxygen packing density (OPD) of 50W0;.25B,05.25La,0; and
40WO05:25La8,05:25B,03:10Nb,05 glasses were estimated, using
the following relations respectively:

Vo = )
v, =V, X(leini) .......................... 5)
OPD = 1000 X C x(‘;;) ................ (6)

where X; is the molar fraction of each component i, M; the molecular
weight, pg the glass density and n; is the number of oxygen atoms in
each oxide, C is the number of oxygen per formula units, and M is
the total molecular weight of the glass compositions. The values
obtained are listed in the Table 1.

Table 1. Molecular weight M, theoretical density py, measured density peyp,
molar volume Vy, oxygen molar volume V,, oxygen packing density OPD

Sample ey th 5w Vm Vo OPD

ID L/mol E/cm3 E/cm3 cm*mol __ jem*%mol | mol/L
WLB 1478 B85 b.614 38.26 12.75 78.42
WLBN P18.17 pB.59  b.503 39.65 12.39 80.72

As it is seen from the table, the experimentally evaluated
density and the density estimated through formula compositions are
comparable. It was found that the density decreases, while the molar
volume increases with the introduction of Nb,Os into a
50W0;:25La,053:25B,0; glass. These changes could be related to
the incorporation of voluminous NbOg octahedra in the glass
network resulting in its expanding. Compared to the ternary
tungstate glass, a slight decrease in oxygen molar volume of Nb,Os
- containing glass, is detected due to the substitutions of higher field
intensity W®* ions (1.58) with lower field intensity Nb®*ions (1.26)
[9]. OPD value of 40WO0;:25La,05:25B,05:10Nb,O5 glass is higher
as compared with that of 50W0;:25La,05:25B,0; glass that can be
attributed to an increasing network connectivity due to the
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formation of new linkages between NbOg and the other structural
units, existing in the amorphous network.

3. 3. Thermal analysis

In order to check the influence of Nb,Os on the thermal
behavior and structural features of 50W0O;:25La,05:25B,0; glass,
we have studied 40W03:25L.a,05:25B,03:10Nb,05 by DTA. DTA
analysis is a useful method in suggesting structural change that take
place due to the compositional changes [10]. The glass-transition
temperature Ty gives information on both the strenght of inter
atomic bonds and the glass network connectivity. The higher T,
corresponds to more rigid structure, whereas the glasses having a
loose-packed structure have lower T, [8, 11]. The difference AT =
T,-Tx, between crystallization temperatures of the glasses (T,) and
glass transition temperature (Ty) has been frequently used as a
rough measure of the glass thermal stability [12]. The higher AT
value, the more favored is the glass forming process [13]. Fig. 2
compares DTA curves of 40WO0;:25La,05:25B,05:10Nb,05 glass
investigated in this work and of 50WO;:25La,05:25B,0; glass
previously studied by us [6]. The hump, corresponding to the glass
transition temperature (Ty) followed by exothermic effects
connected with the crystallization temperatures of the glasses (Tp)
are clearly observed. Their values and the calculated thermal
stability AT=T,-T are listed in Table 2.

WLBN - 40W05:25La503:25B5043:10Nb,Og
WLB - 50W05:25La,03:258,05

T

Endo. Exo.—

T T T
500 600 700
Sample temperature, °c

400 800

Fig. 2. DTA curves of 50W0;:25B,03:25La,05; (WLB)and
40WO;3:25La,03:25B,03:10Nb,0s (WLBN) glasses

Table 2. Values of glass transition temperature T, crystallization
temperatures (Tp), thermal stability AT and average single-bond enthalpy Eg
of investigated glasses.

Sample ID_ | T4/(°C) | T,/(°C) | AT/CC) | Eg/kd mol™
WLB 598 745 147 721.75
WLBN 594 762 168 737.75

As one can see, both glasses are characterized with high values
of the glass transition temperature (Tg), which is an indication of the
formation of well packed glass structure. The addition of Nb,Os
does not affect significantly the amorphous network of the ternary
50W03:25La203:25B203 glass as both glasses possess the same
Tq values.

The values of T, were correlated with average single bond
enthalpy of glasses using the following relationship proposed in the
ref [14, 15]:

_ 50E, _o+25E,,_o+25E5 o

Ep=—""——"——7— ...
B 100

10Eyp —o+ 40Ey o+ 25E 4 0+ 25E5_o

E =
B 100

.(8)

where Ew.o; Eg.o ELa.0 and Enp.o are the bond dissociation energies
for the single bonds: W-0O; B-O, La-O and Nb-O respectively [16].
Having in mind that glass transition temperature is very
sensitive to any change in the coordinating number of network
forming atoms and to the formation of non-bridging oxygens [17-
19] we can explained the equal Ty of both glasses as a result of the
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replacement of WQg octahedral units by NbOg octahedra. The

higher Eg value of the Nb,Os-containing glass can be connected
with the difference in bond dissociation energies of metal oxide.
Since Nb-O bond enthalpy is 753 kJ mol™, which is higher than W-
O bond enthalpy (653 kJ mol™), the average single bond energy
increases with the addition of niobium, because of the formation of
stronger Nb-O at the expense of weaker W-O bonds.

The thermal stability criterion AT of Nb,Os-containing glass is
larger indicating that Nb,Os contribute to increase the thermal
stability and glass forming ability of the composition.

3. 4. Raman analysis

Raman spectroscopy was used to deduce structural features of
the obtained multicomponent glass containing 10 mol% Nb,Os. A
comparison was made with the Raman spectrum of
50W03:25B,03:25La,05 glass previously studied by us [4]. The
deconvoluted Raman spectra of both glasses are shown on Figure 3.
It is known that the Nb—-O and W-O characteristic vibrations
overlap and appear in the same frequency range of the spectra. The
strong Raman bands at 850 and 950 cm™ in the spectrum of
50W05.25B,03.25La,0; (WLB) glass have been assigned to
isolated (WO,), units. The formation of WOg units have been
suggested due to the presence of the band at 980 cm™ [4]. In the
spectrum of 40W0O;:25 La,03:25 B,05:10Nb,O5 (WLBN) glass a
new band at 913 cm™ appears, bands at 980 and 760 cm™ disappear
and intensity of band at 688 cm™ increases with addition of Nb,Os.
All bands observed in the spectrum of Nb,Os containing glass can
be also related to vibration of Nb-O bonds except those at 954 and
1040 cm?, which are related with the symmetric stretching
vibration (v;) of (WQ,), and vibrations of BO3; and BO, structural
units respectively.

wie WLBN

Intensity (arb. units)
Intensity (arb. units)

b)
500

700 800 900 1000 1100

Raman shift (cm™")

T T T T T .
700 800 900 1000 1100 600

Raman shift (cm'ﬂ)

Fig. 3. Raman spectra of a) 50W03:25B,0;:25La,03 (WLB)
and b) 40W03:25La,05:25B,05:10Nb,0Os (WLBN) glasses.

The band at 913 cm™ was attributed to short Nb—O bond in isolated
NbOg units. The bands at 688 and 832 cm™ can be associated with
corner shared octahedra. [20-23]. Disappearance of the band at 980
cm is probably a result of destruction of W-O-W linkages between
WOgs units and their transformation to WO,. Obviously Nb,Os
incorporates into amorphous network trough W®" forming new Nb-
O-W bonds. NbOg polyhedra are mainly connected to each other by
corner-sharing with vibrations in 800-600 cm™ range. Further
investigations are needed to establish formation of Nb-O-La and
Nb-O-B linkages because stretching vibration of these mixed bonds
are in the same spectral range.

3. 5. Optical studies

The optical transmittance spectra of synthesized glasses are
shown in Figure 4. The glasses are characterized with good
transmittance reached to the 65-75 %. As one can see form the Fig.
4 the absorption edge of both glasses is around 350 nm. As the
position of the absorption edge is related with the structural
rearrangement and oxygen bonds strenght in the glass network [24],
the absence of a noticeable shift in the position of the absorption
edge with the introduction of Nb,Os into tungstate glass evidenced
that its presence does not change significantly the glass structure.
This suggestion is also confirmed by the invariable value of the
optical band gap energy Eg of both glasses determined from the
optical transmittance spectra which is 3.5 eV. Having in mind these
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results, we can suggest that Nb,Os could have a role as a network
former, replacing the tungstate structural units in the glass network
as its presence does not reduce the E values of glass [25].

—— 50W03:25.a,03:258,03 - WLB
—— 40W03:25La505:25B,05:10NbyO5- WLBN

T%

T T T T
600 700 800 900

Wavelength (nm)

100(

Fig. 4. Optical transmission spectra at room temperature of
50W0;:25B,03:25La,05 (WLB) and 40WO3:25La,03:25B,03:10Nb,0s
(WLBN) glasses

The refractive index (n) for the presented glasses is also established
from the optical transmittance spectra. It is found that the refractive
index of Nb,Os- containing glass is higher (1.97844) as compared
with that of Nb,Os-free tungstate glass (1.97066) indicating the
more densely packed structure in the presence of niobium [26].

3. 6. Photoluminescence spectra of Eu** ions

The PL spectra at room temperature for both glasses were
measured and compared (Fig. 5).

1, =397 nm  ___ . § 3EL
ex 50W04:22Lay04:25B,04:3Eu

. B . B 3+
—— 40W03:22La,04:25B,04:10Nb,05:3EU

D,

PL Inthensity (a. u.)

6%0
Wavelength (nm)

550 750
Fig. 5. Photoluminescence spectra at room temperature of Eu* ions in the
range of 550-750 nm in 50W0O3:22La,03:25B,03:3Eu,0;3 (WLBE) and
40W03:10Nb205:22La203:258203:3Eu203 (WLBNE) glasses.

The excitation light with wavelength of 397 nm was used. Five
different emission peaks assigned to the 4f transition of Eu®* ions,
i.e., °Do-'F; (=0, 1, 2, 3 and 4) are observed. The peak intensity of
the 5Dg-"F, emission at 613 nm is much larger compared with the
other ones. It is known that the °Dy-'F, emission band due to the
electric-dipole transition largely depends on the local symmetry of
coordination environments around Eu®* [27]. High intensive peak of
the °Dy-"F, emission indicates the Eu®* occupies low symmetry site
in the glass matrix. Nevertheless, that the addition of Nb,Os slightly
reduces the emission intensity of Eu *‘ions (Fig. 5), the improved
glass forming ability and obtaining in a bulk form make Nb,Os
containing glass more appropriate material for different optical
applications than Nb,Os-free tungstate glass. It will be of interest to
study the influence of the amount of Eu®* ions on the luminescence
properties of the compositions studied here.

4. Conclusions

It has been found that the addition of niobium to tungstate
glass modify the structure of the amorphous network. New linkages
between NbOg and the other structural units are formed increasing
the degree of the network connectivity. In this way the addition of
niobium even at low concentrations (10 mol%) to tungstate glass
has a positive effect on glass forming ability as stabilizes the
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amorphous network and increases thermal stability. The Nb,Os-
contaning glass is characterized with a high refractive index, which
benefits for the potential optical applications.
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Abstract: in this report a brief analysis of service sector in Bulgaria is presented as an important one both for the formation of GDP
and for our country being a popular tourist destination. Tourism provides competitive advantages and it is a resource which challenges the
computer and interactive technologies that is a very important factor for the competitiveness of tourism. Interactivity is a factor that is
identified by consumers of tourist services as an important and significant one for the development and supply of tourist resources. Such kind
of resources are museums. Being an anthropogenic tourist resource they turn to be suitable for modernizing and implementing new
interactive technologies. A representation of some of the most popular interactive museums is shown as well as a SWOT analysis which
proves that they have highly valuable advantages and potential and in the same time the disadvantages and threats are superable, without

influencing their total cost.

The content of this report divides between authors as follows: Olga Mancheva-Ali develops: 1, 2 and 6 article and Delyana Genova

develops: 3, 4 and 5 article.

Keywords: TOURISM, TECHNOLOGY, ADVATAGE, INTERACTIVE MUSEUMS

1. Bweeoenue

TexHonoruuTe ca HeAeNUMa YacT OT IOYTH BCHYKU cdepu Ha
JICMHOCT Ha HAIlUS XKHUBOT U B MO-TOJSIMaTa CH 4acT IO yJIECHSBAT.
Beopexku TBBpAeHMATa, Y€ TEXHOJIOTMYHHUTE OTKPHUTHUS OKa3BaT
HETaTUBHO BIMSHHE BBPXy HAc, BOAIAT A0 OOE3IMYaBaHE W
HaMaJsBaT CONMAHUTE HH YMEHHMS, T€ HMaT HEOIPOBEPKHUMH
3aCIIyTH 3a Pa3BUTHETO HAa BCUYKU OM3HEC CEKTOPH.

Typuctudeckuar OnszHec He IpaBH H3KIIOYEHHE, HOBHTE
TEXHOJNIOTMM TO TPOMEHSIT W MPEeBPHIIAT BBB  BBH3MOXKHO,
HNOCTIXKMMO U HMHTEPECHO IIPEXKHUBSBAHE 3a BCAKAKbB THUI
notpebureny. [IpemnaraHeTo Ha NEpCOHAIM3UPAHU HPOIAYKTH U
YCIYTH € €Ha OT 3aJauMTe Ha TEXHOJOTMUTE B TypH3Ma U JOpU
MOXe€ J]a CTUTHEM I0-Jlajled, KaTo ONpPeaeIuM Typu3Ma KaTo CeKTop
Ha WKOHOMHKATa, KOHTO JaBa IO-pa3NMdHO M HECTAaHJapTHO
MPWIOKEHHE Ha KOMIIOTBPHUTE TEXHOJOTHH 4UYpe3 HIACH H
TIPEAN3BUKATEIICTBA 3a TOKOPSIBAHE.

TeXHOJIOTHYHOTO YCHBBPIICHCTBaHE OOXBaIla ACHHOCTH IO
BHEIpSIBaHC HAa HOBH TEXHOJOTHM WM YCHBBPIICHCTBaHE Ha
cpmecrByBammre.!  KOMIIOTBPHHTE TEXHONOTMH  MOrar ja
o0XBaHAT Pa3JIMYHU ACMEKTH B TypH3Ma, KaTo TOBa Ja CIIyXaT Ha
Ou3Heca 3a MoOBHIIaBaHe e(EKTHBHOCTTA HA YNPABICHUE W aHAIN3
Ha pecypcuTe WM Ja ObJarT 9acT OT MpeajiaraHata TypHCTHYECKa
yciayra € Il TIOBHIIABaHE KOHKYPEHTOCHOCOOHOCTTa Ha
TypUCTHYECKHST TPOAYKT. W BakHOCTTAa JaHEC € Ja oOxBaHe
»- --11ETIECHOOPa3eH HAOOP OT TEXHOJOTUYHH PEIICHUS U BbBEICHHUS,
KOUTO aa OCl/lepﬂT Mpouec Ha aKTUBHA KOMyHl/IKaLIPIﬂ C KJIMCHTA,
Oorato npexuBsIBaHe, AaBallo IEHHOCTTA Ha MPECTOs L2

Hacrosmuar nokimaa Leiad Ja HampaBu KpaThbK aHAU3 Ha
BpB3KaTa Ha KOMIIOTBPHUTE TEXHOJOTHU U TypU3Ma, MSICTOTO MM B
HaIlMOHAJHATa WKOHOMHKa W Ja wuAeHTHUIMpa U 0000mu
MpUMepU B MY3€HHOTO JeNo, MOMYyJISpHU C H3IMOJI3BAHETO Ha
MHTEPAaKTUBHU TeXHOJNOTHU. Hapes ¢ MOJNOXUTETHUTE TEHISHIINH,

! CrareB, B., ,JMxonomuka Ha Typusma“, WspmarenctBo ,Dabep*,
Bemuko TepHOBO, 2007. ISBN 978-954-775-779-0, c. 18

Kostadinova, N., The customized conference product in hospitality
business, Collection of proceedings from an international scientific
conference devoted to the 55™ anniversary of College of tourism — Varna
Tourism and innovations, Nauka i ikonomika, University of economics -
Varna, p. 302, 2018
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CH TIOCTaBsSIME U 33/1a4a J1a MOCTUTHEM 0OEKTHBHOCT KAaTO HAIPaBUM
SWOT-ananu3 Ha MpeAcTaBeHUTe HOBOBBBEACHUS B My3€HTE.

2. Komniomwvprnume mexunonozuu u mypuzma

CexktopbT Ha WHQGOPMAIMOHHUTE W KOMYHHUKaIMOHHU
texnonoruu (MKT) ce ompeznenst KaTo CTPYKTYpOOTIPENEIISIT KAKTO
CaMOCTOSITETHO, Taka M KaTo KIOYOB 3a JApyru nekHocTH. OT
3HaUCHHE € HETOBHAT PBCT Kato % or BBII, koiTo 3a mepmoxa
2014-2017 r. ce gBmxu cpearo oxoso 2.1%. Pazsurnero Ha MKT
mpe3 MOCIIEHUTE TOIUHN ce BIKU KakTo ciensa: 2014 r. — 15%,
2015 r. — 18 %, 2016 r. — 14%, 2017 r. — 19% (no nanHu Ha
Codryepnara uaaycrpus B boarapust uzrorsen ot CBN - Pannoff,
Stoytcheff & Co. mo noppuka na BACKOM )3, koero ¢opmupa
cpeneH pbet oT 16.5% 3a cekropa 3a MOCOUEHUsI TEPHOI.

o mamrm Ha HCU mpe3 BropoTo Tpumeceune Ha 2016 T.
OpytHuAT BhTpemieH npoaykt (BBII) Ha exuH 3aeT ce yBenmuasa ¢
1,4% B cpaBHEHHE CBC CBIIOTO TPHUMECEUHe Ha IIPEIXOAHATA
roAvHa. 3aeTUTE JMIa B UKOHOMHUKATa ca 3 587,1 xui., a oOmusT
Opoit orpaborenn yacoBe e 1 495,8 mmmmona. CrpykrypaTa Ha
3a€TOCTTa 10 MKOHOMHYECKH NEWHOCTH Mpe3 BTOPOTO TpHMeEceUuHe
Ha 2015, 2016 u 2017 r. moka3Ba yBelIMYEHHUE HA OTHOCUTEIHHS
ST B cektopa Ha yciyrute (¢pur. 1).

3 BACKOM - Bbearapckara acouuanys Ha cOQTyepHUTE KOMITAaHHH €
cp3mazena npe3 2001 r. AconmanmsaTa € KOJEKTHBEH INPEACTaBUTEN Ha
noBede oT 85 codryepHH (HPMH — IIBIHONPABHH WICHOBE, W Haxy 120
ACOLMUPAHH YICHOBE, CPEJl KOUTO BUCIIM YUHINIIA, (poHAaImH, GOHIOBE 3a
PHCKOB KaIUTaJl, CTApTUPALIN HHOBATUBHU KOMIIAHUH U JIP.
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@uzypa 1. Cmpykmypa na 3aemume 1uya no UKOHOMUYECKU OCUHOCIU Npe3
semopomo mpumeceyue na 2015, 2016 u 2017 e. (Jannu: HCH)

Ot ¢urypara MOXKe Ja 3aKII09YNM, Y€ CEKTOPBT Ha YCIIyTHTE.
reHepHpa MOBHUIABaHE Oposi Ha 3aeTH JIMIA, KAaTO 3aeTUTE Ipe3
2015 r. ca 54.5%, npe3 2016 r. gocrtura 55.4%, a 2017 r. ca 56.4%.
Tosa moxassa pbscT ¢ 1.9% 3aetu npe3 2017 r. cpamo 2015 r.. 3a
CpaBHEHHE, B arpapHUs M MHAYCTPUAIHHUS CEKTOp ce HaliIoaaBa
cman 3a 2017 r. cnpsimo 2015 r.xakto cnensa - ¢ 0.6% u ¢ 0.5%.

Ot gpyra crpaHa, ThpceHeTo Ha OM3Hec yciayru B bonrapus
ce noBumasa U npe3 2018 roauHa reHepupa OTHOCHUTENICH JIU1 OT
16.8%, xoero e nmosumenue ¢ 10,6 % cnpsiMo npenxoxHara. (¢ur.

2)

20 . 2014
I 2015

20186
. 2017
N 2018

@

@uzypa 2. Topcene na busnec ycayeu 2014-2018 2. (3a m. anyapu na
uscnedsanume 200unu, 6 % no oannu na HCH)

@DaKThT, Y€ THPCEHETO Ha GM3HEC YCIYIH Ce € YBEIHYHIIO C
10.6% 3a 2018 cmpsimo 2017 1. e sicHa MHAWKANHWS, Y€ CEKTOPBT Ha
YCIYIUTE € C BHCOK MOTEHIMANl 38 Pa3BUTHE U PBCTHT, KOWUTO
OeJiexu Hayara 0cOOEHO BHUMAHUE M aHAJIN3 Ha MPOLIECUTE.

I/IHTepeCHO € Ja Cc€ HIpocCiaeasaT TCHACHUHHUUTE B CEKTOpa Ha
YCJIYyruTe B CTpaHaTta HU, KaTO BbB (1)1/11". 3.ca NpEeACTAaBEHU JaHHUTE
3a 5 roauIieH TNEprUoa OT BpEME.

@uzypa 3. Cocmosnue na cekmopa na ycayeume 2014-2018 2. (3a m.
AHyapu na uzcaeosanume 200unu, 8 % no oannu na HCH)

Ot mannunre Ha HCU Moke ma 0000mmM, de ce HaOIromasa
MOJIOXKUTEITHATA TCHACHIMSA B CEKTOpa Ha YCIYTUTE W KAaKTO CTaBa
SCHO OT WH(pOpMaluUATa, UMa IOBEYE 3aCTH JIUIA, MO-TOJIIMO
ThpCeHE U M0-100po ChCTOsSTHME Ha cektopa 3a 2018 r., copsmo
HPEIXOJHUTE.
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3a Typusma, BCAKa TOAMHA KpHE PHUCKOBE BBIPEKU
MOJIOKUTETHATa TEHACHIUSI Ha Pa3BUTHE, CEKTOPBT CE BIHAE OT
pasnuyHu  (aKTOPH KaTo dYacT OT TAX ca BHEAPSIBAHETO Ha
UHTEPAKTUBHU M KOMITIOTBPHH TEXHOJOTHMH, MOAEPHH3HpAaHE WU
nogoOpeHre Ha IpeyIaraHuTe yCIyTH.

3. Haznacu 3a UHmMEPAKMUBHOCM 6 mypu3ma

Ipoyusane na GfK (Growth from Knowledge - uscrnensa
masapa u notpeburemute)’ 3a Harmacute Ha mypucma om
bvOewemo” TOKa3Ba, 4e TOH OYakBa INOBeYe HHTEPAKTHBHOCT B
NpeKUBSBAaHMATa CH. JlopM HAYMHBT HAa U3pa3sBaHe Ha
BIICUATIICHUS, MOMEHTHU, CIOMEHU C€ CIy4Ba II0 HMHTEPAKTUBCH
HauynH. [ToTpeOurenure mMpeanovnTaT Ja MoydaBaT YCIYTH upe3
pa3sIUYHU TIPUIIOXKEHUs, CONMATHH MeEIUH, EJIEKTPOHHA IOIla,
oHnaiiH kawanu u np. llomoOHa rJ00anmM3alus BiMsAe Ha
TYPUCTHYCCKUAT OHM3HEC, Thil KaTo HH(MOpMAIMATAa 3a XOTEIH,
CHOUTHSA, IECTUHALINM CTaBa JIECHO JIECHA U JIOCTBITHA.

V3creiBaHeTo® IoKa3Ba, de Ipofak6aTa Ha YCTPOMCTBA KATO
YMHHU YaCOBHUIIM U I'puBHU Ipe3 2016 e gocTurHana cToiHOCT OT
114 munmona nonapa. CmsTa ce, ue TOBa € B pe3yJTar OT CTpeMexa
3a IIEPCOHATM3UPAHE U YHUKAIHOCT, KOETO Ce OTpa3siBa U Ha pPbCTa
B IpoJakOWTe HA pA3NUYHA TYPHCTHYECKH ITBTYBAHHS,
ylecHsBalKy maHupaHeTo uM. [losede ot 25% oT morpebutenute
pa3uuTaT Ha COIMAIHUTE MPEXH M OHJAIH KaHAIM 33 CHOAENSTHE
KaTo ITbPBA CTHIIKA IIPY IUIAHUPAHE HA ITYBAaHETO CH.

I/IHTCpaKTI/IBHOCTTa B TypusmMa MOXKE€ Jia uMa U JOpyru
TNpOsSABJICHUA, ITOpaanu BCEOOXBATHOCTTA Ha npeajarane Ha ycCiyru,
HO MW Kato ctl)epa Ha JIGHHOCT C TOJsIMa 3aBUCUMOCT H
HeO6XO,Z[I/IMOCT oT YOBCHIKH pecypcu. Karo qact oT
MHTCPAKTHUBHOCTTA B TYpU3MaA MOKE Ja ITOCOYHM:

- 3a nompebumenu: mexnonio2ui 3a GUPMYAIHAMA PEATHOCH
(VR), mosHaTH ChHIIO KATO KOMIFOTHPHO-CHMYJIHPaHa PEATHOCT,
KOSTO TPECh3aBa Cpejid, HCTHHCKA WM WM3MHUCIEHA, KOSTO
cuMyipa (DU3UYECKOTO MPHUCHCTBHE HA TOTPEOUTENS MO TaKbB
HAuMH, KOWTO MO3BOJISIBA HA M3MOJ3BAIIMA YCTPOMCTBOTO 1a CH
B3aMMOJICHCTBA C OKOJIHATA CPE/Ia,;

- 3a cnyscumenu u nompebumenu: etimuuyupanemo, KaTo
HayMH Ha TPWIAraHeTO HA €JEeMEHTH OT Ju3aiiHa Ha WIPH U
BKJIFOYBAHETO HA TIPHUHLMIIK OT WUIPH B KOHTEKCTa Ha HELO He-
UrPajHO U pa3iuyHO. TO € HACOYEHO KBbM HYOBELIKHUTE PECYypCH M
UMa 3a/adara Ja peId MHpoOieMH, CBBbP3aHH C JIOSUTHOCTTA,
e(eKTHBHOCTTa M KEJaHWEeTO 3a paboTa Ha ciyxurenurte. Toma
pa3bupa ce ca caMO 4acT OT HposiBIEHUATa My. ToBa € U CpeaCTBO
3a rpyna TypUCTH ChC clielu(HIeH HHTepec.

Karto npyr npumMep 3a HHTEPAKTUBHOCT B TypHU3Ma, MOXE Ja
JlajieM TosiBaTa Ha UHTEPAaKTUBHUTE My3€H, KOUTO ca HOB HAYMH Ha
Mpe/CTaBsHe Ha My3eHHOTO A€o M HAadMH Ha MOJCpPHU3HpaHE
MpeUIaraHeTo Ha TYPHCTHYEeCKH pecypcH. [lobaBeHaTa peasHOCT
MO-YECTO Ce M3I0JI3BAa 32 pa3BUBaHE HA 00pa30BaTEIHUS MOTESHINAI
Ha My3eHHHTe eKCIOo3uIH. HIKkon My3en M3rpaxaaT U CenuaIHu
3a]qM, B KOUTO ce mpoxkektupar 3D ¢uiaMu, mocBereHn Ha
KOHKPETHH MYy3eHHH EKCIIOHaTH , 3a Ja NpHUBJIEKAaT HHTepeca Ha
TIOCETUTEITHTE.

4. Humepaxmuenu myseu no ceema

My3eure ca yupexaeHUs, KOUTO CBOWpAT, CbXpaHsBaT W
nyOJdMYHO W3/araT pas3jidyHH TPEeAMETH M CBbp3aHa C TiIX
uHdopMaIysi, KOUTO MPEICTaBiIABaT oOlIecTBeH nHTepec. Jlymara
LMy3ell“ ce OTHAcs KaKkTO 3a MHCTUTYIMATA, Taka W 3a camara
crpaga, B KOSTO TS C€ IIOMEIIaBa. 3aKOHBT 3a KYJITYPHOTO
HACNICJICTBO  ONpEAeNsl My3esl Karo ,KVIMYpHA U  HAY4HA

* https://www.gfk.com/

® [ax Tam

® Varadzhakova, D., Digital reality in tourism industry, Collective
Scientific Book of an annual conference Development of the Bulgarian and
European Economies — challenges and opportunities, vol. 1, University
Press St. St. Cyril and Methodius, Veliko Tarnovo, p. 246, 2018
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opeanuzayus, KOAMO U30Uped, usydasd, Onazea u npeocmass
KVIMYPHU  YEeHHOCMU, NPUpoOOHU 00pasyu u aHmponoioSudHu
oCmaHKu ¢ no3Hasamenna, oopazoeamenna u ecmemuiecka yeu.” 7
3a Hac B Typu3Ma, My3esT € CPEICTBO 3a MPHUBINYAHE HA TYPUCTH
ChC CTICIU(PUIHN TTOTPEOHOCTH.

IloBeuero My3em omuTBaT Ja ce BB3IOJN3BaTE OT HOBHUTE
TEXHOJIOTHH dYpe3 ,,BKIIOYBAHETO” WM B My3€HHM eKCIO3WIuS,
KOeTO TO3BOJsSBa Ha IIOCETHTENHMTE Ja MONydaT IIoBede
UHGOPMALKS, WK J1a U3M0JI3BaT HHTEPHET 32 MO-IIbJIHA KapTHHA Ha
My3eHHUTE KOJEKIMH W JCHHOCTH (BHPTYaJHO NPEICTaBSIHE B
Mpexara, BUPTyalleH My3eif).®

Axo mpe3 2016 T. ,,yMHUSAT” 4aCOBHHUK € BbPXOBO IOCTIIKEHHE
BbB BHEIPSBAHETO Ha TEXHOJOTWH B Typusma, To mpe3 2019
CBIIECTBYBAT IIeJIM HHTEPAKTUBHH My3eH. Te3H KyITypHH [IEHTPOBE
pa3umTaT Ha Pa3NUYHH YpEeIOH, CHMYJIAaTOPH, IPOIYKTH OT BCHYKH
cepy Ha TexHoOIOrHHTE ¥ M3KycTBOTO. Crimcanme Buisnessweek®
MpaBM Kiacarys Ha Hal-BHCOKOTEXHOJOTWYHHTE MY3€H B CBETa
KaTo ONpezieNs CJIEIHHUTE, KaTo IPEeJCTABUTEIM Ha HOBOTO
TIOKOJICHUE MY3CH:

» Myseam na MIT, Macauysemc, CALL]

To3M MHCTHTYT IO TEXHOJNOTMH € aMEpUKAHCKH 4YacTeH
YHUBEPCUTET, KOHTO € €JHO OT Hal-eJUTHHTE BUCIIN yYWJIMINA B
ceeta. B Myses My ce wuzmarar Hal-noOpure pa3pabOTKH Ha
CTYIEHTH IO BpeMe Ha TsAXHOTO oOyduenume. [Ipumep 3a ToBa ca
poOOT 3a MOJNBOXHM M3CIEOBAaHUSA, HOBO IIOKOJEHHE TIPaJCKH
aBTOMOOWJIM, TPHUU3MEpEeH Mojael Ha puda 3ebpa, KOATO IIe
TIOMOTHE 32 pa3pab0TBaHETO Ha JICKAPCTBO CPELLy PaK U Jp.

> Myseii na dsusiceugume ce xapmunu, Hio Hopx, CAIL

To3u My3ell € mocBeTE€H Ha Taka HAapeueHOTO IMOKOJEHHE Ha
BUJICOMTPUTE M KJIUIOBeTe B Youtube. B Hero upes TpumamepHH
TEXHOJOTMU C€ pas3lonaraT eKCIIOHaTH OT Hal-U3BECTHUTE
BUJICOUTPH, KIMIIOBE U KUHOMpoaykiuu. Ch3llajieHa € U Temiepa ¢
UHTEPAKTUBHA  pEaJHOCT, KbJAETO BCHYKM IpeIMeTH ca
TPUU3MEPHH.

» Myszeii 3a pobomu, Anonus

My3zear 3a poOOTH W3IIIEekIa KaTO KOCMHYECKH Kopao.
Pasmonara c¢bhc CTOTHIM EKCIIOHATH OT CBeTa Ha poboTmkara. B
HEro ce IPECTaBsT OT Hail-cTapuTe M300peTeH s B Ta3u 00JacT 10
OBaeIH POOOTH3UPAHHU TOMAIITHU MOMOIHUIK. OCBeH 00ONYaiiHUTE
CHHUMKH U KJIUIIOBE, NPHUCHIIN 32 HHTEPAKTUBHUTE MY3€H, B TO3H CE
NpoBeXAaT 00y4eHHs 3a yrpaBisiBaHe Ha POOOTH.

» Hayuen myseil, Jlonoon, Beauxo6pumanus

Knacmueckmsr crmm  Ha  crpagata  KOHTpacTHpa  C
BHCOKOTEXHOJIOTHYHOTO CHABPKAHHE HA My3es, KOETO € €JHO OT
Hali-MOJIepHUTE, TTO3HATH Ha YOBEYECTBOTO. B Hero mocerurenure
MoraT fa ce Haciagar Ha 4D KMHO ¢ MpoXeKuuH Ha QUIMH OT
paznuuHu cepr Ha HayKaTa, J1a N3IOJ3BAT PA3INYHU CHMYJIATOPH.
MysedaTr mpocieasBa B XPOHOJOTMYEH pel  Hal-3HaAuYMMHUTE
HCTOPUYECKH M TEXHOJOTWYHHU OTKpHUTHUS. besraTeH e 3a BCHUKU
TOCETHTEIH.

» Myseil 3a nHoeu Hayku, Anonus

To3sm wMy3eit mnpencraBs H300peTeHHs OT BCSKAKbB THII,
pa3paboTBaHM C TIOMOIITa HA BUCOKH TeXHOJIOTHH. OCBEeH poboTH 1
MallMHK, MOTaT Ja ce pas3mefaT Hal-BHCOKOTEXOJIOTHIHUTE
HPEBO3HH CPEACTBA. B IeHThpa My HMa OrpoMeH ri1o0yc, HalpaBeH
or JIEJl nucnien, KOWUTO BB3NPOU3BEXKIAT Ppa3IM4eH THII
ChIbpIKaHHE.

" https://www.lex.ba/laws/Idoc/2135623662

8 Lapteva, M., N. Pikov,Visualization Technology in Museum (From
the Experience of SibFU Collaboration with the Museums of Russia),
Journal of Siberian Federal University. Humanities & Social Sciences 7
(2016 9), p. 1674

® https://www.bloomberg.com/businessweek

VYHukanuu Mmy3en B bbarapus uma B Tpsasha, Yenenape,
I'ypxoBo, Manan, Ilepuuk, ['abposo u ;[p.lo, KaTo 4acT OT TAX Beue
paboTAT ¢ MHTEPAKTUBHH TEXHOIOTUH. TakuBa MpUMepH ca:

» Myszeii na undycmpusama, I'a6poso, Bvicapus

B Bwirapus cpino mma MyseH, NPEACTaBsIIN SKCIIOHATHTE CH
ype3 CHBPEMEHHH EKCIO3HUIMOHHM TEXHOJOTHH. VIHTepaKTHBEH
My3eil Ha WHmycTpusTta B Tp. ['aOpoBO mHpHuTeXaBa aTpaKTUBHH
ayAnO-BH3YaJHH TPWIOKEHUS, KOHTO Ch3/aBaT AaBTCHTHYHA
atMocdepa. [locnennara nncranganus e cumyaarop Ha @1.

» Myszeii Abpumyc, Pasepao, Bvacapus

My3sesT pasmonara ¢ 12 3anu, KOUTO IPEBPBILAT TOCETUTEINUTE
B JIPBHH PUMJISHH 4pe3 WIPH, CHUMyJauud W (GuiMu. YMHHTE
CTBKJIA, KOUTO M3[aBaT TalHM M IuKadueraTa, KPHELM OTTOBOPH
3aro3HaBaT ¢ OuTa, Kynrypara u 6orosere Ha [IpeBeH Pum.

Bceuuku Te3n Myseil mo cBeta U B Bbiarapust ca 10ka3aTtencTBo
32 [omoOpsiBaHE TPEACTABSIHETO W MOJCPHH3HMPAHETO Ha
TYPHUCTHYECKH YCIYTH M CH3JABAaHETO HA BHCOKO KOHKYPEHTHA
cpela 3a pa3BUTHE Ha OH3Heca.

o nannn Ha HCHU™, B Bparapus nma 191 myses, xouto 3a
2017 r. renepupat 5 109 xui1. mocemenus, @ 1 112 xui. ot X Ha
Yy)KJIecTpaHHH TypuctH. Kiacauusara Ha Mys3eure 1mo obiiacTu M
Opost Ha MOCCIICHHUATA UMa CIICTHUS BHI:

ITvpeo mscmo: Codwust rpax ¢ 24 mysest 1 1,039 MITH. TIOCEIICHUS;
Bmopo msicmo: Inosaus ¢ 14 my3zest u 291 xui1. nocenieHus;
Tpemo msacmo: bByprac ¢ 12 my3zes u 230 Xuj1. MOCEUICHHUS;

Yemevpmo macmo: TyK ce Hapexaar 4 obnactu ¢ mo 10 myses —
Bemnko TwprHOBO (495 xmn. mocemenus), ['abpoo (379 xum
nocemenus), Crapa 3aropa (301 xui. mocemmenus) u [Hlymen (194
XWI. TIOCEUICHHWs). YHHKaJTHH My3en ca B TpsaBHa, Yemenape,
I'ypkxoBo, ManaH, [Tepuuk, 'abpoBo u 1p.

JlaHHUTE ca 3aKOHOMEpPHHM WM aHAIW3bT MOKa3Ba, ue JOPH Ha
YEeTBBPTO MACTO MO Opoii Ha My3eH, necTuHanuu kato B. TepHOBO,
I'abposo u Ct. 3aropa usnpesapsaT [lnosmus u Byprac mo Opoit
mocemieHuss 3a  roauHa. YK  ChINECTBEHA  pOJss  WMa
NOMYJIIPU3UPAHETO HA [OSCTHHANMWTE ¥ HAYAHBT UM Ha
NpeICTaBsIHE [IPeJI IIOTEHIUATHUTE TOTPEOUTENH.

3a 2017 roguHa B OBIATapcKHUTE My3ed ca m3HeceHH 55 585
O6ecenn, 2189 BpemenHu wu3noxkOu, 689 konmepra, 490
obcexmanus Ha kHurw, 13094 Bumeo mnpoxkekuud u 141
Komcypca.12 Tasu TeHaeHIMs € MOJOXHUTEIHA 3a CTpaHaTa HU, a
HAJIMYUETO Ha BUJICO MPOXKEKIMUTE € 3HAK 3a ThPCCHE Ha MOJiepHA
Y MHTEPAKTHBHA BU3US HA MY3€i{HOTO AEIO0.

5. SWOT-ananu3 na unmepaxkmusnume myseu

I/IHTepaKTI/IBHI/ITe MY3€U Ca HOB HA4YUH 3a IOMYJISIpU3UPAHE HA
My3eHHOTO Jeno, KOHTO Ipemiara pasiuyHa BH3MA Ha
TPaJULHOHHUS W aBTEHTHYECH My3el Karo OOEKT Ha M3KYCTBOTO M
KyiTypara. B Ttabnuia 1. e HampaBeH OIMT 3a ONIpEACNsiHE Ha
HpeIMMCTBATa, HEJOCTATHINTE, BB3MOKHOCTUTE M 3aIUIaXUTE TP
unrepaktuBauTe My3ed (SWOT-ananus).

Taéamna 1. SWOT-anann3 Ha MHTEpPaKTHBHUTE My3en

Ipedumcmesa Heoocmamvyu

- 3aIIOMHSIIO NIPEACTaBsIHE Ha - Bb3MOXHa 3aryda Ha
nHMOPMALMATA, ABTEHTHYHO IPEKUBSBAHE,

- Pa3IUYHO MPEKUBSIBaHE/ - pa3MHUHaBaHE MEX/Ly O4aKBaHHUsI
ycelane; U PeajHoCT.

- HOZIXOJISIIO 32 BCSIKAKBH

BB3PACTH.
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Pa3BUTHETO U MpEANaraHeTo Ha TYPUCTHYECKU MPOIYKTH, YCIYTH H

Buvsmooicnocmu 3annaxu

- HaMaJIsIBaHe Pa3Xo/a 3a YOBEIIKU
pecypcu;

- O-JIECHU 32 YCBOSIBAHA HA
MOCIIAHUS U COLMAIHH Kay3u.

- OTAalie4aBaHe OT
TPaAUIHOHHOTO IPEXKUBSIBAHE B
My3el;

- HaMaJIABaHe Ha KyJTypHaTa
CTOWHOCT U MacOBH3UPAHE.

Enna ot 3amaunTe Ha My3es € Ja IOKaKe HATJIEAHO BCHUKH
(GakTH W TOCTIKEHHS Ha HayKaTa, 3a KOHTO CME YyBalH.
BHenpsiBaHeTo Ha  BHCOKOTEXHOJIOTHYHH  METOIH, TSIXHOTO
H3MOI3BaHe 3a IPEACTAaBSHETO Ha EKCIO3WIMUTE, BOAW IO IO-
3aIOMHAINO Ce M e(QEeKTHO TNOCIaHue 3a MNoTpedHuTenuTe.
OcurypsiBaliku ~ MHTEPaKTHBHH  IPEKUBSIBAHMUSA, MY3eHTE Ce
NpeBphINaT B IpUTEraTeleH IEHThP HE caMo 3a Jelia, HO U 3a
MpeICTaBUTENH Ha Pa3INYHU Bb3PACTOBH TPYIIH.

Kakro BcMYkO ocTaHala, Taka ¥ WHTEPAKTUBHOCTTA MOXKE JIa
ObJc omacHa, ako ¢ B MPEKaJICHO TrojisiM MpoIleHT. [IpekaneHara
TEXHOJIOTH3aIHsI KPUE PHCK Ja Ce U3TyOH aBTCHTHYHATa aTMoc(epa
B emauH My3seil. Taka Toil OM wW3ryOMJ CTOMHOCTTa CH Ha
TPaJULMOHEH KYITYpeH LEHTbp W OM ce TpHen IoBeue KaTo
pa3BiekateneH. ThH KaTo My3eHTe ca 4YacT OT OOydHTesHara
mporpaMa Ha Jlella, YHETO eXKEIHEBHE € 3aeTO0 H3ISI0 OT
TEXHOJIOTUUTE, TPsOBa Ja ce BHUMaBa, 3a J1a He ce Impekamu. Tosa
MOJKe J1a JIOBEJIe IO pa3MHUBAaHE HA OYaKBaHUs U PEaJTHOCT.

BbB BEekbT Ha BHUCOKUTE TEXHOJIOTMM BB3MOXXKHOCTHTE 32
pazBuTHe ca 0e30poil. TakbB THI KyITYpHH IEHTpOBe OHxa ce
npHesu 1o-1o0pe, 3allloTO IOCIAHMETO, KOETO HOCAT € IHO-
JOCTBITHO U JecHO ycBouMo. CoIManHM Kay3u, NPEICTaBeHH IO
MHTEPaKTUBEH HAUYMH OMXa MMAaiM MOTEHLHATHO IO-TOJISIM YCIeX
TOpay Bb3MOXKHOCTTA Ja CE TIOKAXKe HATJIEAHO MUCHATA M.

OcHOBHAaTa 3aliaxa 3a My3€H, H3I0I3Balld BHCOKHTE
TEXHOJIOTHH, 32 MPEACTAaBsIHE HA EKCIIO3UIIMUTE CH € J[a HE U3TyOsT
MUCTHHCKOTO TIPEXMBABAHE OT IMOCEUIEHHETO HA TaKbB THII
LEHTPOBE.

I/IHTepaKTI/IBHHTe MY3€U ChUCTaBaAT Pa3JIMUHU CBOﬁCTBa, KOC€TO
T'H IIpaBy I'bBKaBU U HOCCIIU BUCOKa z[o6aBeHa CTOMHOCT B Typusma
CbC TCXHHUTEC beHKHI/IOHaHHI/I M TCXHOJIOTUYHHU BB3MOXHOCTH.

6. 3axnruenue

CeKTOpBT Ha YCIYTHTE € KJIIOYOB 3a ObIrapckata HKOHOMHKA
kakTo 3a opmupane Ha BBII Taka u 3a pazsutnero Ha benrapus
KaTo TypUCTHUYECKa JecTHHAnus. Typu3MbT HOCH KOHKYPEHTHH
MIPEeANMCTBA OT TJIe[HA TOYKA HAa NKOHOMHUKATa M € Pecypc, KOUTO
TopaxKaa MPeIU3BUKATEICTBO MpPeJ Pa3sBUTHETO HA KOMITIOTHPHHTE
U UHTEPaKTUBHU TE€XHOJIOTHU.

MHTepaktuBHOCTTA € (akTOp, KOWTO IMOTpeduTennTe Ha
TYPUCTUYECKH YCIYTH ONpENelsIT KaTo BaKeH M ChC 3HAYCHHE 32
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pecypcu. TakuBa ca My3euTe U KaTO QHTPOIOTCHEH TYPHCTHYECKH
pecypc ce oKa3Bat NOAXOJIIN 32 MOJAEPHU3UPAHE U BHEJPSBAHE Ha
HUHTEPAKTUBHH TEXHOJIOTHH.

SWOT-anann3sT Ha WHTEPAaKTHBHUTE My3eH IIOKa3Ba, de
HpEeTUMCTBaTa U BB3MOXHOCTHTE IPEJ TSIX Ca C BHCOKA CTOWHOCT
Ha IOJIE3HOCT, a HEJOCTATHIHUTE M 3aIUIaXUTe ca IPEOJOIUMH U
MOAJIeKaT Ha OrpaHWYeHHWe, Oe3 TOBa [a HapyllaBa TsAXHaTa
CTOMHOCT.
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INVESTIGATION THE CONDITIONS FOR OBTAINING BULGARIAN YELLOW-
COLORED PAVINGS, EQUIVALENT IN COLOR TO THE IMPORTED PRODUCED
ON BASE OF SEDIMENTARY ROCK

Assist. Prof. M. Gacheva, Prof. Dr. L. Lakov, Assoc. Prof. Dr. B. Jivov,
Chief Assist. Prof. Dr. St. Yordanov, Assist. Prof. M. Aleksandrova

Bulgarian Academy of Sciences, Institute of Metal Science, Equipment and Technologies with Hydro- and Aerodynamics Centre
»Acad. A. Balevski”, 67 "Shipchenski Prohod" Blvd, 1574 Sofia, Bulgaria, e-mail: mvgacheva@abv.bg

Abstract. The development deals with the study of the conditions for appearance of yellow color in ceramic products, obtained from
local sedimentary marl rocks from the region of Popovo town, field of Targovishte. Reproduction of the conditions of high temperature
liquid-phase synthesis of products such as pavings, tiles, etc., by modifying the composition of the marls. Expanding the sintering interval of
rectifying the alkaline-earth oxide content and increasing the phase formation time. The researches are part of the creation and
implementation of a technology for production of pavings with equivalent yellow color of the imported standards but with higher tribological

and physic-mechanical indicators.

Keywords: MARL ROCKS, HIGH-TEMPERATURE SYNTHESIS

1. Introduction

The famous ,,yellow paving stone” known in our country
in the center of Sofia have a fine crystalline, dense structure close
to that of the semi-porcelain. They were produced in the
beginning of the last century in Hungary by marl clays.
Sedimentary precipitate marble rocks [1-4] contain more fine
fractions than brick clays. They are made up of evenly distributed
carbonates and clay minerals - illite and kaolin formed under the
existing conditions [5, 6]. The prerequisite for obtaining products
corresponding to color and with better physical-mechanical and
tribological indicators are marble clays with a certain chemical
and grain-size composition. Preliminary laboratory and semi-
industrial experiments have been carried out so far to produce
experimental samples of yellow colored paving bricks, equivalent
in color, shape and size to original historical samples [7-11].

The purpose of this work is to examine and develop
suitable formulation compositions and optimum heat treatment
mode for prototyping of the so-called ,,yellow pavers” based on
raw materials derived from concrete deposits on the territory of
the country. From the studied sedimentary mercury deposits the
most promising proved this to the village of Svetlen, Targovishte
region. The same raw material is used for the production of
building materials (bricks, etc.) in the company ,,home industry-
Popovo” Ltd. Popovo, Targovishte District. The study conducted
a series of compositions with the participation of marl clays and
technological additives. The formulation of the resulting masses
was carried out by applying plastic and semi-dry pressing. An
appropriate heat treatment regimen with a maximum temperature
of 1150°C and an isothermal fluid retention of 1h is
experimentally established.

2. Experimental procedures

The test bodies are prepared using available standard
equipment and inventory: KERN scales, porcelain mill with
volume 50 | with malt bodies, sets of sieves and others. The
experimental heat treatment of molded blanks was carried out in
a specially made furnace with homogeneous temperature field
and a programmer for setting the speed of increase and lowering
of the temperature values and the necessary isothermal fluid
retention.

Radiographic Analysis (RFA) was performed using a
Philips 1710 X-ray generator (32 kv, 16 Ma, step 0.05, Co-tube
with X 1.78892 A and range 5 — 55 degrees).

The resulting compositions were conducted differential
thermal analysis (DTA) with apparatus STA PT1600 TG-
DTA/DSC. The laboratory tests are carried out in an inert gas
environment at a temperature range of 20 + 1300°C and an
applied heating rate of 10°C/min.

A microscopic examination of the prepared prototypes and the
provided benchmarks was conducted and the microphotographs were
photographed by binocular ICW binocular microscope Stemi 2000-C
and polarizing microscope Amplival Pol D.

At the same time, experimental samples of the surface and
volume of the prototypes obtained were examined by a Philips 525 U
Scanning Electron Microscope (SEM) with an EDAX 9900 analytical
system.

3. Results and discussion

The average chemical and grain size composition of the marsh
delivered from a deposit in the village of Svetlen and taken from the
technological table for the brick production in "Rodna Industria™ in
Popovo, in % is: SiO, - 42%, Al,Oz - 12%, EI,O3; - 5.14%, CaO -
18.60%, MgO - 2.50%, R,0 - 2.16%, 3H - 1868.

Grain size composition in% by weight:

—  fraction below 0.005 — 48;
—  fraction from 0.005 to 0.05 — 37;
—  fraction above 0,05 — 15.

According to BDS 14175-77, the marl refers to the acidic
mergels (Al,03 <15%). Marl with alkaline earth oxides content above
17-18% is determined as high-carbon. By this classification, the marl
used by us, with an average content of alkaline earth oxides 20.10
wt%, implies a relatively narrow interval of sleeping and difficulty
obtaining fine ceramic products with low voids content. This requires
continuous firing and fluid retention at a specified lower temperature.
Another possibility is modifying the composition with pure-washed
kaolin, but this leads to a certain increase in the final temperature of
high temperature liquid phase synthesis. The slow increase in the
temperature of the firing of sedimentary mercury clays with high
alkaline earth oxides and narrow interval of sleeping is confirmed by
companies in Russia, Czech Republic, Holland, etc. We proved that
the test fixtures were prepared from a plastic table measuring 5x5x5
cm, made from the light marl clay, heated 7 hours at a temperature of
1120°C, lower than that of the temperature of the high temperature
liquid phase synthesis - 1150°C, no yellow color is obtained, but red,
despite the large content of Na,O and K,O. However, if the grip lasts
40 hours, the colour changes to yellow and the specimens shrink above
15%. The yellow color manifests itself with the appearance of a liquid
phase and an intense contraction and compaction of the skull. As a
consequence, the quartz grains contained in the marl are attacked
superficially and the deformation is avoided.

It is important to develop the yellow color in the oven's gas
environment - around the caking temperature is reductive. The effect
of reduction can be avoided if Na,O is added to the marl in the form of
Na,CO;. The yellow color can be obtained and act favorably when
adding a minimum amount of soda to the clay within 02 + 03 wt.%
Na,O as regards the weight of the dry mass. The addition of Na,O as a
stimulating modifier is in the case of baking in a oxidizing
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atmosphere. The role of Na,O, as the deciding factor can be
assumed by FeO, the main reason for obtaining which is Fe,Os.
The available and further formed FeO forms with SiO, low-
voltage compounds of the type FeO.SiO, and increases the liquid
phase. Na,O further contributes to the formation of liquid phase.
At the same time, in the field of Clinopiroxena, we proved that
not diopside is formed, but its variant, known in literature as a
fagade. Characteristic of the fagade is its increased content of
aluminum, calcium and trivalent iron. Precisely the rich in
trivalent iron fractions are the reason for the yellow color and the
imported standards, and the formed and synthesized Bulgarian
pavers. Na,O increases the velocity of the liquid phase and
directs the reaction in a solid phase in absorption of SiO,, which
is borne by the reacting environment.

In the presence of MgO, as is the case with sedimentary
rocks from the city of Popovo and Svetlen, with the help of X-ray
and microscopic analysis with transmitted light through prepared
dunncoats of yellow pavers, the mineral phases diopside and
anorthite are established. This is a serious circumstance and
reason to consider that the cause of the occurrence of the yellow
color is Fe*, which is contained in the pyroxene
Ca0.MgO0,.Si0,. For the synthesis of diopside MgO is the main
component for its formation. According to Zeger sedimentary
rocks that do not have in their contents from 1 to 2 mol MgO and
4 mol CaO of Mol Fe,Os, their composition so should be
modified with additional additives to become 6 mol CaO+MgO
of 1 mol Fe,O3. In addition, CaO should be in excess of MgO,
otherwise it is not yellow, but gray coloring. The molar ratio
MgO:CaO should be ~ 1:7.

In analyzing the influence of the exposed factors,
laboratory and semi-industrial experiments have been conducted
to obtain experimental samples of yellow-coloured pavers,
equivalent in colour, shape and size and superior to the imported
standards in physical and mechanical and tribological indicators.
For this purpose, local raw materials were used — marls from the
town. Popovo and Svetlen, Targovishte. District in clean and
modified state. Their chemical compositions are listed in table 1.

Table. 1. Chemical composition of the raw materials used.

Row materials Marls Marls
Svetlen Popovo
Ingredients, wt %
Si0; 43,00 42,00
Al,O; 12,50 12,00
Fe:0s 5,14 5,00
Ca0 19,24 18,60
MgO 230 2550
Na;0+K;0 220 216
TiO, 0,90 0.40
3.H 1542 1974

When composing tables for natural coloration of yellow
tiles, paving stones, etc. the following raw materials are used as
additives: chemically pure, anhydrous Na,COj, glass flour
(fraction < 63 microns) and calcined at 550°C washed kaolin.
The latter is introduced in order to change the ratio of the
alkaline-earth oxides, to increase the fire resistance, to reduce the
inclination of the beads to the deformation and to break the
caking interval. The remaining materials are added to improve
the caking and promote the production of light (yellow) articles
(Table 2).

Table 2. Used raw materials as additives.

Name of the Na,COs Glass powder Washed
material Chem. pure fraction — under kaolin -
63 um calcinated at
550°C
Ingredients,
wt %
SiO, - 71,00 67
Al,O3 - 2,00 33
Fe,O3 - 0,22 -
CaO - 6,75 -
MgO - 2,60 -
Na,0+K,0 58,5 17,78 -
3H 415 - -

The processing of masses obtained from dry and ground
merellni clays and additives, excluding soda, which is in minimal
quantities, is carried out by two methods-plastic and semi-dry
pressing. The plastic mass, for plastic pressing, is obtained by mixing
the materials with 60% water, homogenising in ball mills until the
auger is obtained. It matures 24 hours, after which it is passed through
a press filter or dewatered in plaster forms to normal molding
humidity (20 - 30%). From the resulting plastic mass the products are
molded into metal molds of plastic pressing press. The semis is
prepared with the materials moistened with 22 — 23% water, and they
are mixed and allowed to lie for two days for the swelling of the clay
component. From the plastic table are prepared briquettes, which are
dry crucible to humidity of 1 — 3% and then grind on a colergant or a
ball mill. The resulting sifted powder is granates and moisturizes to 5 -
6%. The following shall be sieving through sieve 2.00 mm for removal
of larger fractions. The resulting subsieve fraction has the following
granulometric composition: (Table 3).

Table. 3. Granulometric composition of the subsieve fraction.

Ne Grain size %
1 2,0+1,25 23
2 1,25 +0,80 18
3 0,80+ 0,50 17
4 0,50+ 0,25 18
5) 0,25 +0,125 12
6 under 0,125 12

The blanks are molded from the resulting granules of the semi-
dry pressing press. The used sedimentary rocks for the production of
the masses, as stated above from the deposits in the town of Svetoden
and Obzor. Popovo are not suitable for the production of thin-walled
products, because they are characterized by a narrow interval of sleep
and a pronounced tendency to deformation. Therefore, on both
methods are pressed large sample samples of raw ones with
dimensions 200 x 100 x from 30 to 50 mm. The sintering was carried
out in a specially constructed electric furnace with a homogeneous
working volume field and a temperature control program. The ultimate
maximal isothermal fluid retention of temperature is within the range
of 1140 + 1150°C. As an example, the rates of rise and decrease in
temperature and temperature limits are set out in figure 1 for
composition 1. Pre-plastic test bodies are dried in a vacuum dryer to
residual humidity of 2 — 3%, unlike semi-dry pressing. Despite the
slow rate of temperature rise, several isothermal inhibitions were
required.

The baking mode is as follows:

e  heating speed 2°C/min;

e hold at 100°C and 200°C - 30 min;

e hold at 600°C and 800°C - 20 min;

e maximum temperature of high-temperature liquid phase synthesis
1150°C - hold 1 hour;

e  decreasing temperature 4°C/min;

e hold at 600°C - 30 min.
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Fig. 1. Temperature firing curve.

Table 4 shows the composition of the samples.

Tab. 4. Experimental compositions tested.

Ne of the composition in wt %
Ne | Ingredients 1 2 3 4 5 6 7 8
1 Marls
Svetlen 100 95 91 90 | 85
2 Marls
Popovo 100 95 91
3]
Na,COs3 4 4 3
4
Glass flour 9 9
5 Washed
kaolin 10 | 10

The best results with regarding to water absorption were
obtained from compositions 1, 5 and 8. By this index, the degree
of culling of the skull is best considered. The average values of
this indicator for the same curing temperature - 1140°C are given
in Table 5.

Table. 5. Average water absorption values at coagulation temperature -
1140°C.

Indicator Water absorption, %

0,12
0,64
0,48
0,70
0,08
0,80
0,11
0,09

Ingredients

O N[O B|W[N| -

In the basis of the marl base from the village of Svetlen
without and with modifiers are better, respectively, and their
water absorption is lower.

The solid sintering of the individual masses, with the
exception of mass 1, shown in figure 1, is: for mass Ne 1 -
1150°C; for mass Ne 2 - 1150°C; for Ne 3 - 1120°C; for Ne 4 -
1120°C; for Ne 5 - 1140°C; for composition Ne 6 - 1140°C; for
composition Ne 7 - 1160°C and for composition Ne 8 - 1140 ° C.

The samples obtained are a standard description of the
colours on the surface and in depth, through the Munsell Color
System. The color nomenclature consists of a separate recording
of the nuances, its value and the color to which it refers, which
are combined in such a order as to represent the color perception.
The samples obtained are characterized by an equivalent yellow
colour of the imported standards, the characteristic of which for
the individual compositions is from 2.5y 5/6 to 2.5 y 4/6.

4. Conclusion

Experienced samples of ,,yellow pavers” of equivalent colour,
shape and size have been obtained with the original standards of
historical street surface provided for exploration. The prototypes were
prepared in laboratory and semi-industrial conditions with the use of
local raw materials (marls), extracted from deposits near the city.
Popovo and Svetlen, Targovishte District. The new specimens are
superior to the physical, mechanical and tribological characteristics of
the authentic pavers. On the basis of dry and ground merellni clays are
developed table-compositions with the introduction of technological
additives: Na,COs, Glass flour (Faction < 63 microns) and thick with
550°C washed kaolin. The molding of the resulting masses is carried
out by applying two methods-plastic and dry pressing.

The optimum heat treatment regime (according to the specifics
of the tested raw materials) with heating rate of 2°C/min and
isothermal inhibitions at different temperature values is established:
100°C and 200°C (30 min), 600°C and 800°C (20 min), maximum
temperature 1150°C (1 h). The temperature decrease is achieved at
4°C/min, with a fluid retention of 30 min applied at 600°C.

It has been shown that the experimental specimens obtained on
the basis of marl from the village Svetlen (without and with modifiers)
are more successful and are characterised by lower water absorption.
The obtained experimental bodies outperform the comparative
standards in physical and mechanical and tribological indicators. A
standard determination of the colour characteristics of the surface and
the volume of the prototypes produced is carried out using the Munsell
color System and an equivalent yellow colour is established with the
original specimens.
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Abstract: The following paper presents some of the cutting edge weapon systems developed and used to counter the actions of
the increasing number of different types of UAVs and the capabilities that they provide to hostile operators. All benefits and
possibilities of these aerial vehicles are well known to terrorists, and other harm-seeking organizations, which tend to use the
unmanned aerial vehicles in order to bring chaos and destruction among the civil population, infrastructure and military staff
and bases. Because of this and many more reasons, numerous companies who work in design and manufacture of armaments
have been working hard in research and development of Anti-UAV weapons. Such armaments prove to be desired by not only
military staff, but also by operators of strategic infrastructure and different law enforcement organizations.
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1. IHpunosxcenusn Ha 6udogeme  OHe3NUNOMHU

Jemameniny  anapamu. BesnmiorHuTe neratenHA amnapaTtu
uMaT BCe TIOBeYE NPUWIOKEHHs B Hamero ceBpemue. C
MOBUILIABAHETO Ha KauyecTBaTa Ha TO3W BHJI JIETATEIHU arapaTtu U
TEXHUTE BB3MOXKHOCTH, KaKTO W C IMOCTOSIHHO HApacTBAIIOTO UM
THPCEHE, MTPOU3BOAUTEIIUTE HA Pa3IMUHUTE anapaTH ycrsBar Ja I'u
TIPEUIOKAT Ha JOCTHITHH IIEHU, KOUTO 05SXa HEMUCIUMH TPEIH Mo-
Mallko OT AeceTHiieTne. MHOTro Majiko ca 00JacTHTEe B KOHUTO TE3HU
amapatd ca HENPWIOXKHMH W H3MON3BAaHETO MM HE € BHECIO
MPOMsIHA B TOJIOKUTENEH acmekT. C BCeKW M3MHUHAN JE€H CTaBaMe
CBHUJICTEIM HA HOBA cdepa WK OM3HEC, KOMTO ce BB3IO0JI3Ba OT TO3U
"MHOBAaTHBEH"  TOAXOJ 3a  IIOBHIIABaHE  KauyeCTBOTO U
MPOU3BOAUTEIHOCTTa Ha MpeAjaraHuTe OT HEro  YCIyru.
[MponaxOuTe W W3MOJI3BAHETO HAa OC3MWJIOTHU JICTATEIIHU amapaTd
ce OYaKBa Jla HapacHe MHOTOKPATHO B CJIC/[BAILUTE TOJIMHHU.

Ha ¢ur. 1 e mpeacraBeH MpPOrHO3€H PBCT Ha MpPOJANeHH OpPOHKH
BJIA B cBeTOBEH Mamalb.

MporHo3HeH 6poii npogax6u Ha
be3nuNOTHU NeTaTeNHW anapaTi B
CBeToBeH malab (mnH.)

80
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@uzypa 1 - [Ipoecrosen 6poii npodascou Ha benuromuu
Jlemamentu anapamu 8 CemoseH Mawad (MiH.).

Boxnenn wuMeHHO OT Te3uM (akTopH, OT
JIECeTHJIETUSI  BOCHHO-TIPOMHUIJICHUTE  KOMIUIEKCH  OCBh3HaBaT
IpeuMylecTBaTa, KOUTO Ouxa Mornmu Ja ocurypsatr BJIA Ha
BH/IOBETE BHOPHKEHM CHIIM, YMECIIH Jla TH H3IION3BAT IPABHIIHO.
Iopann Ta3w mpUYMHA ¥ JIBIATOTOJUIIHOTO YCHBBPIICHCTBAHE,
mnon3Banute bBJIA mTo BpeMe Ha BOGHHM KOH(IUKTH ce
XapaKkTepH3upaT € BHCOKOTO CH KadecTBO M e(QHKACHOCT Ha
U3IBbJIHEHUTE 3agaud. [IpakTH4ecKd He ChINECTBYBaT MOJEPHHU
BbopwmkeHH CHIIM, KOMTO Jla HE pa3uyuTaT A0 HAKAaKBa CTENEH Jaa
OoJ00EH BUJ amnapaT U Aa He MpUOsrBaT 10 TIXHOTO M3IOI3BAaHE B
CllyqauTe, KOraTo TOBa € BB3MOXHO. Bce mo-romsimata uM

! https://www.tractica.com/newsroom/press-releases/consumer-
drone-sales-to-increase-tenfold-to-67-7-million-units-annually-by-
2021/
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IOCTBIIHOCT ¥ IIMpPOKaTa WM MOPUIOKUMOCT HE OCTaBar
He3alensi3aHH M OT MHOXECTBOTO TEPOPUCTUYHU OPTaHU3ALUU
neiictBamy B KOHQUMKTHH 30HM mo Cera. ToBa OcBeH, ue 3a
MOpEIeH BT J0Ka3Ba (akTa, 4e Oe3MWIOTHUTE JICTaTeITHH anapaTH
HE Ca JYKC U HSIKaKbB BUJ CKCICHTPHU3HM, a IOPH HATIPOTHUB - TC ca
OCHOBEH W TIOHSKOTa pemiaBail (pakTop MO BpeMe Ha BOJICHE Ha
OOMHM JIECHCTBUS U KAaTO TaKbB CPEJICTBATA 33 MPOTHUBOACHCTBHE Ha
TE3W amapartH, cjejiBa YCICHIHO J]a MOraT Jia ce 0opAT ¢ Tax. dakr
e, 4ye B [JHENIHO BpEeME CpEeICTBaTa 3a MPOTHBOJACHCTBHE Ha
pa3IMYHUTE BHAOBE OC3MHJIOTHH JICTaTENHH Ca HEJOCTaThUHO, a
TaM KbBJIETO Ca HAJMYHM MHOIO YeCTO HE ca CIOCOOHH aa ce
CHpaBAT C MOJAEPHUTE OOpa3lyl JICTATETHH amapaTH OT TO3HW BH.
EnuH oT xiacuuyeckuTe CHoCOOM 3a MPOTHBOJACHCTBHUETO TE3H
anapaTd € TOCPEeACTBOM T. Hap. '"Xakepcka araka" WU
BMEIIIATEJICTBO B CHCTEMHTE UM 32 YIPABICHUE U KOHTPOJI, KaTO 10
TO3HW HAYMH Ce JOBE/E anapara 10 ChbCTOSHUE Ha HEKOHTPOJIUPYEMO
MaJilaHe WK ce 3aB3eMe KOHTpoJa Haja Hero. To3u crmocod ce oka3Ba
yCIIeIIeH JBJITH TOAWHH U C€ CYUTA 33 JOCTaThYHO JOOBp, ChACHKH
M0 CHUIECTBYBAIIM MHOXECTBO NPHMEPHU 32 YCIHEUIHO W3BBPLICHH
mofo0Hu onepaunnz. [locTosIHHO pacTsITE TEMIIOBE HAa HAyYHO-
TEXHUYECKHS MPOrpec 00yCIaBAT 3HAUUTEIHO TTOBHUINIABAIIATA POJIS
Ha WH()OPMAIIMOHHUTE MOTOIM MPH (YHKIHOHUPAHE HA CIIOXKHH
BOCHHO-TEXHUYECKH CHUCTEMH KaTo Te3u~. C HampeaBaHETO Ha
TEXHOJIOTHUTE 00aye CHCTEMUTE 3a YMPaBICHHE M KOHTPOJ Ha
OopIa Ha amapaTuTe W B KOMaHIHUTE MM IICHTPOBE CTaBaT BCE IO-
TPYAHO JOCTHITHH U MOAOOHH aTakd U3UCKBAT BCE TTOBEUE pecype U
BpeMe, JOKaTO TapaHTHPAT MHOTO TI0-MaJjIKa BEPOSTHOCT 3a yCIeX.
OT gpyra cTpaHa IepcoHaia, KOMTO TH M3BBPIIBA pasojara ¢ Bce
MO-MaJKO BpEeMe 3a peakilus, CJICAOBATEIHO TPsAOBa a € MHOIO
nobpe oOydeH U 3amo3HaT CbC CPEIACTBOTO HAa KOETO IMie
IPOTHBOJCHCTBA, a TOBAa € BCE MO-TPYIHO M3ITBIHMMO, UMailku B
OpEeABUA TOCTOSHHO HapacTBamlks OpoW pa3IMyHH BHIOBE
amaparu. [lopamu Te3m W penuna Opyrd NPUYAHU CTaBa SICHO, 4Ye
KOHBEHIIMOHAJHUAT HAYMH 32 YHHIO)KaBaHE HA JIETATENICH amapar
MOJKE J1a C€ OKa)ke MO-YCIeleH OT "XaKepCKUTe aTaku'.
BoeHHO-TIpOMHANIIIICHUTE KOMILUIEKCH ca B HaJmpeBapa B
CH3/IaBAaHETO Ha PAa3JINYHU CUCTEMH, CIEHU(PHUIHO KOHCTPYHUPaHH 32
npotuBoaeiictBane Ha bBJIA. CbBpeMEHHHUTE KOHBEHLIMOHAIHU
cuctemu 3a [IBO, ca M3KIIOUUTENIHO CKBIIM OPBACHHU CUCTEMH, C
roJisiM Opoii mepcoHa, CKbITH OOCTIPUIIACH U IO CBOSITA CBHIHOCT ca
Ch3/IaJICHH J1a MPOTHUBOJCHCTBAT HA KOHBEHIIMOHATHATA aBHAIIWS,
Mopagy Te3W W JPYTH NPUYUHH H3IOJI3BAHETO Cpenly Oe3MUIIOTHU
JIETaTeTIHH amapaTtd OT Pa3iM4YeH BUJ HE BHHATH € OMNpaBIaHO,
MMallki B TIpENBUJ, Y€ HAKOM 00pa3u OE3MMJIOTHH JIETATEIHU

2 Binnie, J. (2013). Iran releases footage from captured RQ-170.
IHS Jane's Defence Weekly, 50(10)

® UBanos, M. (2016). OcHOBY Ha T€OMH(OPMALHMOHHITE
texuosorun, ISBN 978-954-753-236-6
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amapary ca CbC CTOMHOCT Mmo-Maika oT xuisinHa Ha [IBO cuctemata
U B CIEACTBUE Ha IPOTHUBOACHCTBHETO MOXE Ja s Hakapa na
paskpue coOCTBEHaTa CH MO3MIMSA M Ja s YA3BH B IOCIEJICTBUE.
HM3nomn3BaneTo Ha MOJOOHU CHCTEMH MHOTO 4€CTO € HEMUCIHMO B
yCJIOBHATA HA paboTa B HacelIleHN U ypOaHU3MpPaHHU PaifOHN WM Ha
MecTa, KBASTO TpsiOBa Ja ce 3allUTH  CTpaTernmiecka
HH}paCTPyKTypa W OMAcHOCTTa OT XKEPTBH € MHOTO roismMa. Haii-
YCHENIHO B TaKWBa YCIOBHS paboOTAT cpencrBara 3a Oopba c
OE3MUIOTHU JICTATEHH amapaTd, KOUTO NPOTHUBOACHCTBAT MPSIKO
Ha araparta M NpaKTHYECKH He Ch3[aBaT HUKAKBHU MIM MUHHUMAIHU
YCJIOBHSA 3a T. HAap. CTPAaHUYHH ILETH. Y HUIOXKABAaHETO HAa MAJIKH U
cpenau BJIA ¢ 1o3ByKoBa IoJjieTHa CKOPOCT € OCHOBHA 3aja4a mpex
CHJIUTE 33 CUTYPHOCT, Thi KaTo mouyTH Bcuuku BJIA m3mon3Banu 3a
TEPOPHUCTUYHH aTaKW WM aTakW Ccpenry MH(PacTpyKTypa H JKHUBa
CHJIa ce U3BBPIIBAT MIMEHHO M3IIOJI3BAKH ITOJJO0CH THII JICTATEeITHU
CpeJICTBA, TJIABHO TTOpaJyl HUCKAaTa UM Ce0ECTOHHOCT, MPOCTOTO MM
YCTPOICTBO U JICKOTaTa C KOSTO T€ C€ YIPaBIIABAT.

2. Cvepemennu cpeocmea 3a npomueooeiicmeue Ha

npomuenuxoeu bJIA.

2.1. EnexTpoMarHUTHUTE OPBXKHUA M B  YaCTHOCT
CJICKTPOMAarHUTHHUTE IYIIKH C€ MJOKa3BaT KaTo W3KIIIOUYUTEIHO
YCHENIHO CPEeACTBO 3a mpoTuBoxeiicTBue. Paborata uMm ce
3aKJII09aBa B JUPEKTHOTO CMYIIEHHE Ha paboTaTa M KaHAJUTE 3a
KOHTPOII U NPEHOC Ha JaHHH Ha JICTATEIHUS anapat, IMOCPEACTBOM
HACOYCH eJISKTPOMAarHUTeH Ib4. B ciencTBHe Ha ToBa amaparypaTa
MOJKadeHa Ha amapara MpeThpIisiBa HEOOpaTHMM XapIyepHH WM
cOPTyepHH  W3MEHEHHs, KOMTO IMpaBiAT  IO-HATATHIIHOTO
M3IOJI3BaHE Ha TO3M JIETAaTeNIeH amapaT HeBb3MokHO. ToBa e
MNOCTI)KUMO €IMHCTBEHO B CIIy4aWTe, KOraTo OTHOIICHHETO Ha
MOIIHOCTTa Ha CMYIIEHHETO, ITONaJalio B JICHTaTa Ha MPOITyCKaHe
Ha amapatypara Ha BJIA HajBuIIaBa 1opH U MUHUMAJHO CHJIaTa Ha
CUTHaJIa Ha KaHAJIUTE 33 KOHTPOJ U NIPEHOC HA JJaHHU KbM BJIA.* B
3aBUCHUMOCT OT THIIa amapar, olepaTopa Ha T. Hap. IyIIKa MOXe Aa
W3M0JI3Ba PA3NIMYHN HAIMYHH 3aryIyMINTeNH, KOWTO Ja BIMAAT Ha
amapara. OCHOBHO  MpEeOUMCTBO Ha  TOHOOEH  cmocod
NPOTHBOJICHCTBUE CE SIBSIBA M3KIFOYMTENIHATa MOOMIHOCT U JIEKOTa
Ha M3I0JI3BaHe Ha TE3U OPBKUS, KAKTO M CPABHUTEIHO HUCKATa UM
ce0OecTOMHOCT 1 3aMeHsieMocT. KaTo OCHOBEH HeJOCTAThK MOXeE 12
ce CcuuTa OrpaHHYeHaTa JUCTaHIMsA Ha KOATO Morar Ja
BB3/ICHCTBAT, KAKTO M MO-TOSIMaTa BB3MOXKHOCT 3a JOITyCKaHe
MIPOTUBHUKOB OE3MMJIOTEH JIETAaTeNIeH amapaT, BBIPEKH ONHUTa 3a
npotuBozelicTBue.  Hail-uecto  To3M  BUA  cpeicTBa  3a
MPOTUBOJECHUCTBUE C€ H3MOJ3BAaT B pallOHM 3a BPEMEHHO
JHUCIOLMpaHe WIM B TakWBa B KOMTO € BB3HHMKHAJIA KPUTHUYHA
CHTyalusi 10 M3KJIIOYEHHE W Te Ce OYakBa Ja ObJe NpeojoisiHa
HAaITBJIHO B KPaTKU CPOKOBE.

2.2 VcmemHo opbxHe Cpelly Oe3MUIOTHHUTE JICTATEHH
amapaTH M3MO0N3Ba  JIa3ep 3a  YHUIOXKABAaHETO  arapaTuTe.
JlazepHUAT THY KOMTO Ce M3MONI3BA € C TOJsIMa MOITHOCT M HaHacs
HETIONpaBUMHU MIETH II0 KOpIyca Ha JIETAaTeNHHs amapar, KaTo

MpaBd  HEBB3MOXKEH MO-HATATHIIHUSA My moiner. [lopaan
M3KIIOYUTENIHO ~ OypHOTO  pa3BUTHE  Ha  BB3MOXKHOCTHTE
MPEIOCTaBSIHKA OT Pa3IMYHUTE BUIOBE JIa3epH, OBICIICTO MPE/] TO3H
BHI CpCICTBa 3a MPOTHBOJCHCTBHE CE OuyepTaBa  Karo

MHOT000€IaBalo, MoJ00Ha TEXHOJIIOTHUsT MOHTHpaHa MMEHHO Ha
Oe3MUIIOTHH JICTAaTeNIHU amapaTé ce CYUTa 3a eJUH OT ObAeluTe
CrocoOH 3a MPOTHBOJACHCTBHE HA IOCIEJHOTO MOKOJCHHUE MEKIY
KOHTHHEHTAJIHH OAIMCTUYHH pakeTH. Te3d CHCTEMH ca MHOTO I10-
CIOKHH  KOHCTPYKTHBHO, CTallHOHAapHH WM TPYAHH 3a
JIMCIIONIUpaHe, Mopaan 0COOEHOCTHTE Ha KOMIIOHEHTUTE, KOUTO ca
BJIO)KCHH B U3JIEJIMETO, TE Ca CKBIIOCTPYBAIIHU, H3MON3BAT CUCTEMH
332 JIOKAIM3MpaHe Ha OOGKTHTE M TAXHOTO HEMOCPEICTBEHO
CBIIPOBOJK/IaHE, KaTO MHOTO YeCTO MOrar jAa paboTAT HaIbJIHO
CaMOCTOSITENIHO (Hamp. B 30HU 3a0paHeHH 3a MOJIETH). XapaKTepHO
3a TsAxHarta pabora e, 4Ye € HeOoOXOAMMAa MHOTO MO-TOJsIMa

4 Lazarov L.,General Terms and Conditions for the Radio
Connection Jamming, International conference on High Technology
for Sustainable Development HITECH 2018, ISBN: 978-1-5386-
7039-2
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WHBECTULIMS, TPYyJHM ca 3a pasnojaraHe Oe3 mpeaBapuUTEIHA
MOATOTOBKA U B KPaTKu cpokoBe. OCHOBHM TPEIMMCTBA CE SBSBAT
BUCOKaTa TOYHOCT C KOSTO PaboOTAT, Bb3MOXKHOCTTA J1a PadOTIT B
OTJaJIeYeH! U 0€3/TI0JHH PAaOHU CaMOCTOSATENHO T.€. 0e3 mepcoHa
HETIOCPE/ICTBEHO TpH H3zenueTo. [IpakTuueckn Npu HpaBHIIHATA
paboTa ¢ TOMOOEH BHA OPHXKHE C€ TapaHTHpa H3KIIOYHUTETHO
BHCOKa ycIieBaeMocT IpH 6opba ¢ npotuBHHKoBH BJIA. Jlaseprara
Oop0a c JeTaTeNH anapaTH ce CYUTa 3a OBJIEII OCHOBEH CIIOCO0 Ha
MIPOTUBOJIEHCTBUE. TeopeTnuHo OTrpaHUYECHUATA npen
BB3MOXKHOCTHTE IPENOCTaBIHH OT IOJO0OHA TEXHOJOTHS HE ca
JOCTUTHATH U CE€ OYaKBa BCE MO-TOJSAM AAT OT OBJCUIUTE CPENCTBA
3a 60p0a ¢ BCHUKH BHJIOBE JIETATEIHU anapaTy Ja pa3duTaT UMEHHO
Ha Ta31 WX N10JJO0HA TEXHOJIOTHSL.

2. 3. B ciydanrte B KOUTO HE € BE3MOXKHO H3IIOJI3BAHETO
Ha eJIEKTPOMArHUTHH WX JIa3ePHU CPEJCTBA 3a IPOTHBOJCHCTBHE,
KaToO HaIpHMep B I'bCTO HACENICHW ypOaHM3HMpaHH paioHM Wi B
6m30cT 10 00EKTH, XapaKTepHU3UPAIIH ce C YyBCTBHTEIHOCT KBM
TOPEU3NIOKEHUTE CHOCOOM Ha BB3ACHCTBHE, H3KIIOYUTETHO
VCIIEIIHO Ce M3IO0J3Ba T. Hap. crnocob "anti-drone drone” mokasaHo
Ha m300pakeHHE 1, KOWTO IO CBOSITa CBHUIHOCT MpEACTABISABA
M3I0JI3BAaHETO Ha COOCTBEH OE3MHIIOTEH JeTaTeleH amapaT WiIn
armapaTH C YUTO ITOMOII Ja ce NPOTHBOJCHCTBA Ha JEHCTBUATA Ha
npotuBHUKOBUA BJIA. M3nomsBaiikn COOCTBEHHM JI€TaTeTHH
CpelcTBa 3a TasW LN Ce JaBa BB3MOXKHOCT Ha orepaTopa ja
"3an0Bu" npotuBHUKoBUs BJIA, mocpencTsom Mpexa wiu Apyr BUg
3axBallaHe, MPEJOCTaBsIHKM BB3MOXKHOCT 3a oOcienBaHe Ha

H3oopascenue 1 Anti-drone drone

3aJI0BCHHUs JICTaTeNieH arapar, eBeHTYalHO [OCIEBaHO OT
WHKPUMHHHUPaHe Ha JCHCTBHATA HA Oleparopa Ha TOBA JICTATEIHO
cpeacrBo. To3w Ha MOPBB  MOMVIE] apXaWueH Crocod 3a
NPOTHBOJICHCTBHE C€ [0Ka3Ba KATO H3KIIOUHTEIHO HAaICKICH
cpemy T. Hap. "VTOL Drones" wian OE3MUIOTHH JICTATEIHHU
amapaTd C BEPTHKAIHO M3JMTAHE M KallaHe, TOpaad CPaBHUTEITHO
MO-HUCKAaTa WM IIOJIETHA CKOPOCT, MO-TOJSIMAara BB3MOXKHOCT 3a
YCICIIHO MPOTHUBOACHCTBHE H [ajied HE TOJIKOBA IMOIXOJSI 3a
6op6a cpemnry BJTA ¢ KOHBEHIIMOHAIICH WITH T.HAp. JIETHIIEH CIIOCO0
Ha U3JIUTaHe/KallaHe ¢ BUCOKA MOJIETHA CKOPOCT.

Huckara eKCIUIoaTallMOHHA [I€HA Ha amnapatute |
HpaKTI/I‘leCKI/I IIO4YTH HeC’bLLIeCTByBaLLII/ITe OFpaHI/I‘[eHI/Iﬂ Ha
H3I0J3BAHETO UM T' l'lpaBS[T Hpe}ll’quI/ITaH 1/13601) Ha MHOI'O MeEcCTa.
KaTto apyr ocHOBeH HEHOCTaTHK Ha TO3M BHJ MPOTHUBOJCHCTBHE
MOXE Jla Cce CYMTa HEeOOXOJMMOCTTa OT ONUTEH OIlepaTop Ha
cobcTBeHMsT OE3MUIIOTEH JIETATENIH amapar, KOWTo Ja ymee Jja
6GOpaBH OTIMYHO C MPEJTOCTABEHATA MY TEXHHKA.

2.4, Ha TO3M NPHUHIMI CBIIECTBYBAT CHIIO Taka H
CMENHANHO pa3pabOTeHH IyIIKH, W3CTPENBAIl MpEXa BbB
BB3/IyXa, KOSTO yJiaBsl amapara W IpefoTBpaTsBa IOJETa My,
n3o0pa3eHu Ha ¢ur. 2.
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Duzypa 2 - [Ipumepen mooden Ha NYWKa U3CMPensawa Mpexca 3a
npomugooeticmaue Ha bJIA

To3u Bux npoTuBozeiicTBHe, MOAOOHO HA H3MON3BAaHKA OT OopAa Ha
BJIA e momxomsiy 3a Gopba ¢ "VTOL drones” u ce nokassa KaTo
HEe3aMEHUM 0co0eHO mpu 6opba ¢ HeneramHus TpadUK HA CTOKH U
JpYTY HeperIaMeHTHPaH! IeHHOCTH HaJl TPAaHUIHU Opa3Iu U IpyrH
00eKTH ¢ KOHTpOJMpaH NocThIl. Clienl ycrnemHoTo ynassae Ha BJIA
OT MpexaTra ce pas3TBapsi IapailyT, KOWTO IpemoTBpaTsBa
U3JMIIHOTO YHHIIOXKCHHE Ha Bedye 3aJIOBEHUs JICTATENIEH amapaT
Karo HemocTaThk MOXE Ja Ce XapaKTepU3HUpa CPABHUTEIHO
MajKkaTa JIHMCTaHOUS Ha KOATO MOXE Ja ce Bb3deiicTBa Ha
JIeTaTeNHUS amapaTH, KakKTo TPYAHOTO JIOKAJIM3MpPaHe Ha MajKd U
mukpo BJIA. B To3u ciyuaii 0OTHOBO HanM4ymeTo Ha J00pe o0ydeH
MEpCOHAN € TapaHnus 3a IIOCTHTAaHeTO Ha BHCOKM HHUBAa Ha
e(UKaCHOCT NPH U3MOJI3BAHETO HA METO/A.

2.5. B cryuanTe xoraTto mepuMeTbpa KOWTO TpsiOBa aa ce
KOHTPOJIMpAa 3a HEperJIaMeHTHUpaH IOCThII OT cTpaHa Ha BJIA e
CPaBHHUTEIHO MallbK M HE THPINU W3MEHEHHs 3a TOJsIM BPEMEBU
Meproj € OIpaBJaHa HHBECTHIMS B T. Hap HeOecHa CTeHa,
n3o0pa3eHa Ha ¢ur. 3.

@urypa 3 - Cucrema 3a npoTrBozeiicTBre TUI "HeOecHa cTeHa"
ITo cBoATa CBHIIHOCT enHAa TMOAOOHA cUCTEMa MPEACTaBIsABa
IIOCTOSTHHO paboTeIly MM aBTOMAaTHUYHO aKTHBUPAIIM CE€ HACOUEHU
Harope MHOXXECTBO H3JIbUBATEIM IMOAPENCHH €AMH 10 IpYyr B
oIpeJesieH EPUMEThP U IMIPUIIOKPHUBALIM c€, KOUTO UMAT 3a LieJ Ja
CMYIIABaT YIpPABICHHETO Ha MPENUTAIlN HAX TAX OE3MMIOTHU
JIeTaTeNIHN arapaTy, KOUTO HapyIIaBaT ONpeeneHns IepumMeTsp. B
JOIBIHEHHE Ha TOBa CHCTEMaTra MoXe Ja ce obopynsa ¢
JOIBIIHUTEITHA KOMIIOHEHTH, KOHTO Ja IIPOCIEeAsBaT OOpaTHHS
IOJeT Ha 3aceYeHUTE HApYIIUTENHM B CIy4auTe B KOUTO
KOHTPOJIUPAILUTE T C€ OMUTAT Ja CH I'M BBbPHAT, KaTO MO TO3U
HauuH PasKpUAT MECTOIOJIOKEeHHeTO ch. CUCTeMH OT TO3M THII ce
JIOKa3BaT KaTo W3KIIOYUTEIHO TMOAXOAALIM IPH OXpaHaTa Ha
3aTBOPU U JPYTU OOEKTH ¢ KOHTPOJHPAH JAOCTHI KBbM KOHTO YECTO
HMMa OIUTH 3a MPEHOC Ha HEPETIAMEHTHPAHH CTOKH IMOCPEACTBOM
BJIA. B cmygaute B KOMTO cCe WU3IOJN3Ba IOJOOHA cHCTEMa
VHBECTULIMATA KOSTO C€ IpaBU € 3HAUMTENIHA M CleABa Ja ce
HM3TOTBH TIpElH3EeH aHauu3 3a OpAemu HHQPACTPYKTYpHH
U3MEHEHHs 10 IMepUMeThpa KOHTO ce 00opyaBa ChC CHCTEMATa,
nopaau ¢axra, ue MOCIEIBaN0 H3MEHEHHsS € CBIBTCTBAHO ChC
JOIBIHUTENHN Pa3X0H, KOUTO B TIOBEYETO CIydaH ca 3HAUUTENIHH.
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Ot gpyra crpaHa mojoOHa cHCTeMa C€ XapaKTepusHpa C MHOTO
BHCOKO HUBO Ha 3alllUTa U pabOTH NMPaKTUYECKH aBTOHOMHO M 0e3
HEOOXOJUMOCT OT MOCTOSTHHO YOBEILIKO MPUCHCTBHUE.

2.6. N3non3BaHeTo Ha )KMBa )KUBOTUHCKA cHia 3a 6opba ¢
OE3IMIIIOTHUTE JICTATEIHH arapaTé MoXKe O 3By4YH HETPaANUIIMOHHO
n HeeeKTHBHO, HO Ia3apa IIOKa3Ba, 4e CHINECTBYBAT peaUIa
HpennpreMady, KOUTO C€ KOHIEHTPHUPAT W3KIIOYUTENHO BBPXY
JpecupaHeTo W Hpoaaxbara Ha eApH TpabivBU NTHIM, OOyYECHH B
3anaBiHero Ha BJIA. To3m meron Ha mpoTuBoxeiicTBHE Oy
MHOKECTBO THCKYCHM M TOJEMUKH KaKTO OT MOpajHa Taka M OT
YUCTO MparMaTHYHa TiefHa Todka. IITunuTe M3MoN3BaHM 3a Te3u
LEeIM YecTO CTaBaT JKepTBa Ha JIETaTEIHUTE amnapaTd WIH Ha
onepaTopuTe MM KOUTO T'M OTCTpENBaT, 3a Ja HE MOraT Aa UM
npedar Te. OT gpyra cTpaHa e HeoOX0JUMO J1a IMa 9OBEK, KOIMTo 1a
MO3HaBa JKMBOTHHUTE M Jla yMee Ja paboTH ¢ TAX BHHATH LIOM €
HeoOxoauMo. VIMeHHO mopaan Te3u M APYTH MPUYUHU TO3H METOJ
Ha TpPOTHBOJACHCTBHE HE € TOMyIIPeH Ccpel ThpCEIluTe
npotuBoneiicteue Ha BJIA, HO Bce mak Hamupa CBOsTa Ma3apHa
HHIIA.

3. 3axniouenue. lllupoxus cnekTbp OT 3aJaudl KOHTO Ce
HOCTaBAT Hpe]l ChbBPEMEHHUTE OE3MUIOTHM JICTATEIHY alapaTH He
OCTaBa CKPHT 3a HPECTHIIHUS CBAT. BB3MOKHOCTHTE KOUTO
HPEIOCTaBAT TE3U JICTATENIHU alapaTH Ha oneparopure 0e3 a ru
MOCTaBAT TMOJ MpsKa 3aliaXa MpaBsT H3MOJN3BAHETO UM BCE IO-
4yecTo cpemano. To3u BUA amapaTd CTaBaT BCE IMO-IOCTBIHH U
HAJCK/IHH KaTO MPHIOOHBAHETO MM B JIHELIHO BPEME CHBCEM HE ©
JyKca, KOWTO Te ca MpeCTaBiIsABaINd CaMo IPEAU HIKOJIKO TOANHH.
VIMEHHO NMOpajay Te3M U APYrH MPUYHHY 3aIlIaXHTe KOUTO MOTaT Jia
npenctaBisiBar bJIA  HapacTBaT NPONOPIUOHANIHO C TSIXHOTO
pasnpoctpaHeHue. Te3u 3amiaxy He Morar na ObIarT OCTaBeHH
6e30TBETHM W B CHTyalusiTa B KOSNTO CHCTEMUTE 3a
NPOTHBOCHCTBIE HAa KOHBCHIMOHANHA aBHAIMSA CC OKa3Bar
HENOAXOSAIIN MM TSXHOTO H3IOJI3BaHe HEOCHOBATEIHO Ce Hallara
na Obaar pa3pabOTeHH M MPOW3BEACHU €IHH HAITBIHO HOB THII
OpBXHMs, a UMEHHO Te3u 3a Oopba ¢ OE3MWIOTHUTE JIETATeITHU
amapatd. THPCEHETO HA TO3M THI OPBXKHE HapacTBa C BCEKH
W3MHHAJ JIeH U TSAXHOTO YCHBBPUICHCTBAHE € €/IMH MpPOLEC, KOHTO
JOTHYECKH CleZBa TO3M Ha MOAOOpsIBaHE BB3MOKHOCTUTE
NPEIOCTaBIHN OT HaW-HOBHTE OOpaslM OE3MUJIOTHH JIETATEIHH
araparty. BbOpbKEHUTE CHIIM Ha CTPAHUTE U CHIIOBUTE CTPYKTYPH B
CaMHTE CTPaHH MHBECTHPAT H3KIIOYHTEIIHO CEPHO3HH CPEICTBA B
CHCTEMH, TapaHTHpAlld CHI'YPHOCTTA KM CpEILy HEXelaH!
OE3MMIIOTHU JIETATEIHH anapaTH, OCh3HABAallKH MaTepHATHHTE U
HEMaTepUaJHH IIETH, KOMTO MOTrar Ja HaHecaT Te. TO3H BHJ
JIeTaTeNHM anapaTty U cpejcTBara 3a 60pda ¢ TIX eCTECTBEHO Lie ce
YCBBBPILICHCTBAT €AHOBPEMEHHO. JIETaTeHUTE arnapary 1ie CTaBaT
Mo-HaJeKIHHU, T0-0bp3H, TO-I00pH ,a cperncTarta 3a 6opda ¢ TAX
e CTaBaT MO-TPEU3HH, M0-e()EKTHBHU U I10-Pa3NpOCTPAHEHH.
MoOMEHTBT B KOWTO ce TMOALCHSNBaXa W mpeHeOpersaxa
BB3MOKHOCTUTE, KOUTO JIaBa MOJIXOAANIMs OE3MUIOTEH JIeTaTeleH
amapar Ha HEMOAXOJSIINS OINEpaTtop € OocTaHan 0e3Bb3BPaTHO B
MHHAJIOTO W HHKOra HsAMa Ja ce BbpHe. HHUKOs cepHo3Ha
opraHuzauus 3a B ObJelie HsIMa MOXKe Ja CH IO3BOJH JIyKca Jia
NposiBM  HeOGJIaropasyMHeTO [ia OCTaHe He3alluTeHa OT TO3H
CHBPEMEHEH BHJ JIETATEIHH CPEICTBAa B CHUTYyalMsATa B KOSTO CE
Hamupa CBeTBT.
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Abstract: New methods for a regeneration and an enhancement of the optical signal have been developed all over the world. The main
reason is the increasing bit rate and optical fiber length. A new method for optical amplifiers based on nonlinear effects is discussed in this
report. Amplification changes are surveyed as a function of the signal power at different pump configurations and different wavelength.
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1. Introduction

Communication systems are used to transfer information both
within a country, continent and for intercontinental transmission.
Systems development and the growing information traffic require a
new traffic area like fiber optic to be involved.

As nowadays Wavelength Division Multiplexing (WDM)
systems are those with growing bit rate information and the length
of fiber optic lines and use of repeaters leads to limitation of
bandwidth, it is necessary to use another type of units to replace
these devices.

Retransmission limitation also influences the transmission of
information in modern multilateral (MLAT) systems that are
increasingly used in radar-free areas. The limitations of the radio
channels used in MLAT systems also contribute to the involving of
optical lines in this type of surveillance system [7, 6].

For these reasons, alternative approaches to loss decrease are
required in optical amplifiers that amplify the optical signal directly
without requiring transformation in the electrical signal [4].

One of the most effective methods of amplifying optical signals
is the use of the non-linear effects of Stimulated Raman scattering
and Stimulated Brillouin scattering. Optical amplifiers built on
these effects, and in particular the Raman effect, can successfully
replace optical repeaters, and even massive used Erbium-Doped
Fiber Amplifier (EDFA) [4].

At the beginning of the 21st century, almost any long distances
optical system (usually defined from 300 to 800 km) or ultra-long
distances once (typically defined over 800 kilometers) uses the
Raman Optical Amplifier (FRA).

A great FRA advantage is a very wide bandwidth amplifying
which allows that to be used in various optical systems using the
existing optical lines. The gain is accomplished in the fiber itself
with significantly better figure noise resistant.

FRA gain using the transmission fiber as a carrier is an
advantage technology in DWDM optical telecommunication
systems. To amplify signal more pump power is needed, but thus
the noise of Amplified Spontaneous Emissions (ASE) increases and
other noises generated in the amplifier also reduces the power of the
input signal to the amplifier. So, ASE takes an important part in
transmitting the optical signal to the receiver [4, 5].

It is important to research the gain variation as a function of the
signal power in the different pump configurations and fiber lengths.
One of the main noises, namely ASE, can be used in the FRA. By
adding ASE to the amplification process, it is possible to improve
the amplifier operation and increase the gain of the amplifier [8].
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2. Mathematical models on ASE influence on

Raman Amplifier gain coefficient.

The FRA bandwidth is above 40 THz, with a dominant peak at
13.2 THz relative to the pump frequency (Figure 1) [3, 9].

The gain coefficient g, is related to Raman's spontaneous
scattering cross section, which is measured experimentally and
generally depends on the optical fiber characteristics, and is also
highly dependent on the polarization state between the pump and
the signal. For a fiber of several tens of meters in length,
propagation of the signal and the pump through it will cause the two
states of polarization to decrease g, .

70E-14

6,0E-14

5,0E14

40E14 4

3,0E-14 4

2,0E-14

1,0E-14 1

Raman Gain Coef. [x10e-13 m/w]

12
Frequency Shift (THz)

15 18 21

Figure 1. The Raman amplifier gain coefficient g _ for the
wavelengths of the signal and of the pump [3, 9].

We examine the simplest case of spreading a beam entering in
the optical fiber used for amplification.

It is necessary to calculate the amplification of Raman's
amplifier signal with or without spontaneous emission.

2.1 Raman gain without amplified spontaneous emission.

The amplification of the signal and propagation of the pump
signal along the length of the optical fiber is described by the
following equations:

P ap+Ipp ()
dz .

dP o

g p o+ Zopp @
dz Ay o

where P, and Pp are the signal power and pump power;

0, is the gain coefficient to the Raman amplifier;

a, and a, are the optical fiber attenuation coefficients for the

wavelengths of the signal and the pump;
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o, and @, are carrier of signal waves and pump waves.

Second part of the equation (2) represents the transmitted power
from the pump if we ignore it and solve the equation and replace in
(1) the following expression:

dP, )
R, +% P, (0) exp(~a,2)P, ®)

Where P,(0) is pump powerat Z=0.

After reading the length of the optical fiber, meaning z=1L
and by the equation (3) is obtained

P,(0
9P, (0) Legs —al (4)
ff

where | the effective length of interaction between the signal
and the pump is determined by the equation:

L, :1—exp(—apL) 5)

oy

After integrating equation (4) for Raman gain coefficient [dB] is
obtained:

R(L)= Ps(O)eXF{

01434gr IDp (0) Leff

ff
where | is effective length of interaction between the signal

G [dB] =—a, L + ©)

and the pump in meters.
2.2 Raman gain with amplified spontaneous emission.

ASE is a typical noise in optical amplifiers. FRA is used to
increase amplification of the optical amplifier.

ASE is added to the signal power in equation (1). Then equation
(1) takes the following form:

dP, g
dizs =—ask + A\g;f Pp(Ps + PASE) )

2 .
where P, =2n huAVy and h=6,6260.10 " k%] is

Planck’s constant.

n, :;hQ is the spontaneous emission factor.
» _
(i)
R gp O P,P, +-91 P 2n_ho,AVg ®)
dz At At

After reading the length of the optical fiber, meaning z =L and
integrating an equation (8) the gain with added ASE is obtained:

GpseldB]=0 434[70, L 9P Ok Pased:Py O-eple, ap))'-] ©)
ASE M S

A A P.(0)a, — )

3. Simulations and results.

In order to study the impact of ASE on the FRA gain ratio, two
types fiber optics, Standard single mode fiber (SMF) [1] and Non-
zero dispersion-shifted fiber (NZ-DSF) [2] were used. The fiber
parameters are given in Table 1.

Table 1. Fiber optic parameters

Attenuation Wavelenath Raman gain f'f: 'bf-r . .
Optical fiber | coefficients a/\ile[srr;g] S| coefficient zregc /_I\Z € IF'beLOEt'C
o, [dB/km] s g, [L/mW] il (lengthi[km]
[um?]
SMF 0,13 dB/km 1550 nm 42104 80 um? 100 km
NZ-DSF__ | 0,18dB/km | 1550 nm 42107 72 ym? 100 km
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To calculate the effective length of interaction between the
signal and the pump, it is more convenient to translate the equation
(5) Ly into decibels.

It is more convenient to use an equation in which the
attenuation coefficient set in the reference data in dB/km is used
directly. Then (5) acquires the following form:

4,343

Lot (t—exp(-0,23a,L)) (10)
p
Figure 2 shows the results of the equation (10) of the effective
length of the signal and pump interaction depending on the length
of the optical fiber.

301

0=0,13 dB/km
«=0,18 dB/km

25

201

Effective fiber length Leff [km]

| | | I L L | | |
0 10 20 30 40 50 60 70 80 9 100
Physical fiber length L [km]

Figure 2. Effective fiber length L for both fiber types.

The figure shows that L. depends on the attenuation
coefficient, i.e. from fiber type.

Figure 3 shows the results obtained for the gain ratio using a
pump with power Pp=500mW and different wavelength. In the
figure, the first graph is obtained with the pump attenuation
coefficient ¢, =0,13dB/km, and the second with the attenuation

coefficient a, =0,18dB/km.
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Figure 3. The Raman amplifier gain coefficient with Pp=500mW.
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Figure 4 shows the results obtained for the gain ratio using a

pump with power Pp=1000mW and different wavelength. In the
figure, the first graph is obtained with the pump attenuation
coefficient ¢ = 0,13dB/km, and the second with the attenuation

coefficient a, =0,18dB/km.
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Figure 4. The Raman amplifier gain coefficient with Pp=1000mW.

Figure 5 shows a graph of the difference between ASE and non-
ASE gains of different fiber types. The attenuation coefficient for

the both pumps are respectively a, = 0,13dB/km and
a, = 0,18dB/km-
w —— SMF
= -0.051 .
é
g -0.1 b
& -0.15) ]
=
g
Z 0af g
=
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8 -02sf .
&
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035 ‘ . . . . . . . .
0 10 20 30 40 50 60 70 80 90 100

Physical fiber length L [km]

a) with }tp =1450nm
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Figure 5. Subtraction the Raman amplifier gain coefficient with
Pp=500mW.

Figure 6 shows a graph of the difference between ASE and non-
ASE gains of different fiber types. The attenuation coefficient for

the both pumps are respectively o, =0,13dB/km and
a, =0.18dB/km.
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Figure 6. Subtraction the Raman amplifier gain coefficient with
Pp=1000mW.

From the results obtained, it is seen that in order to achieve a
higher amplification of the signal, higher pump power is required.
At pump power Pp=1000mW the gain is greatest.

The results show that the gain coefficient for both fiber types is
higher when ASE is added in the amplification process.

When a specified wavelength of the pump is used, the ASE gain
ratio is approaching the gain coefficient without ASE.
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From the results derived for the difference between the gains for
the two fiber types, it can be seen that the gain rate also depends on
the fiber type.

4, Conclusion.

Choosing a suitable laser as a pump can reduce the number of
amplifiers used in the long lines. Increasing the power of the pump
also leads to a reduction in the number of amplifiers, but so far there
are not as many powerful lasers to use in the FRA.

To achieve greater amplification, the selection of an appropriate
laser is very important. By selecting a laser with appropriate
wavelengths and an attenuation coefficient for a specific fiber type,
we achieve a greater effect than ASE.

Using an appropriate fiber type will make a greater use of ASE
in the amplification process.

The results obtained and the conclusions drawn show that long
and ultra-long lines require a more detailed spontaneous emission
study in order to increase the regeneration areas and reduce the
number of amplifiers.
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