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Bropa merynaponna koudepennuja ETUMA
Second International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the Second
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts, and professionals from the field of
technical sciences in one place as a forum for exchanging the ideas, strengthening the multidisciplinary
research and cooperation, and promoting the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference. More than sixty colleagues contributed to this event,
from five different countries with more than thirty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’23 by presenting the results of their current research and by launching the new ideas through
many fruitful discussions.

We invite you and your colleague to attend ETIMA Conference in the future as well. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information as well as to involve as much as possible the young researchers into this scientific
event.

The Organizing Committee of the Conference

IIPEJTOBOP

Merynapoanata konpeperuuja Enexkmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
OpraHu3MpaHa oJl cTpaHa Ha ENeKTpOTeXHUUKHOT (aKyITeT NpH Y HUBEP3UTETOT ,,I one Jemuen™.
ETUMA wuma 3a men aa ru cobepe Ha €IHO MECTO HAay4HHUIUTE, MpPo(ecopuTe, €KCHEPTHUTE U
npodeCHOHAIIKTE OJ1 ITOJIETO Ha TEXHUUYKUTE HAYKH U J1a IpeTcTaByBa (OpyM 3a pa3MeHa Ha UIeH, J1a
T0 3ajKaHyBa MyJITHIUCLUIUTMHAPHOTO HCTPAXKYBambe U cOpadOTKa U a TH IPOMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamha M HUBHOTO BIIMjaHHE BpP3 CEKOj acleKT of kuBeewmeTo. Ce HajeBaMe JeKa oBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
HCTpaXXyBamaTa U pa3BojoT Ha ITOJIETO HAa TEXHOJIOTHjaTa.

Koudepennujara ETUMA ce oapska online u Ha Hea 1agoa CBOj IPHAOHEC TIOBEKE O IIEECET aBTOPH
O]l TIET Pa3IMYHH 3eMjH CO TIOBEKE OJ] TPHECET TPYJIa.

Cakame 512 ja MCKakeMe Hamlata OJaroJapHOCT 10 CUTE KOJIETM KOHM NPHIOHECOa 3a YCHEeXOT Ha
ETHUMA’23 co npe3eHTHupame Ha pe3yiaTaTH O] HUBHUTE TEKOBHH MCTPAXKyBamba U CO JJAHCHpAmE Ha
HOBH UJICH MPEKY MHOTY TUIOJIHU JTUCKYCHH.

Opeanuzayuonen 0060p Ha KOHpepeHyujama
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ANALYTICAL ESTIMATION OF OPTIMAL PV PANEL TILT BASED
ON CLEAR-SKY IRRADIANCE MODEL

Elena Golubovska?, Biljana Citkuseva Dimitrovska?, Roman Golubovski?
'Faculty of Computer Science and Engineering, University Ss. Cyril and Methodious Skopje, North Macedonia,
email: elena.golubovska@gmail.com
2Faculty of Electrical Engineering, Goce Delcev University, Krste Misirkov 10A, 2000 Stip, North Macedonia,
email: biljana.citkuseva@ugd.edu.mk
3Faculty of Natural Sciences and Mathematics, University Ss. Cyril and Methodious, Skopje, North Macedonia,
email: roman@pmf.ukim.mk

Abstract

PV panel tilt and sun tracking are crucial aspect for PV conversion efficiency. We propose an analytical
methodology for estimation of optimal PV panel tilt based on calculation of the sun position and application of a
clear-sky solar irradiance model. Our model outputs three angles referencing a geolocation and the moment of
interest: the incidence angle 6, the sun altitude « and the sun azimuth z. The irradiance model estimates the solar
irradiation at a geolocation that can be used for PV conversion estimation based on specified tilt 8. The moment
PV power is used for calculation of the daily energy production, and the optimal 5 is identified in the tilt range of
0 °to 90 © Seasonal division of the year is performed, and optimal seasonal tilt is estimated based on the maximal
produced seasonal energy tested with every corresponding . The methodology is tested on four typical seasonal
models - 12 months, 4 three-month quarters, 2 half-year seasons and single optimal annual fixed . Preliminary
simulations produce promising results consistent with the practical engineering implementations.

Key words

PV panel tilt, optimal PV panel inclination, PV conversion efficiency, sun position model, clear-sky solar
irradiance model.

Full paper is published in Journal of Energy Technology
https://www.fe.um.si/en/jet.ntml
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Abstract

The world is facing an increasing need for energy which leads toward escalated exploitation of natural resources,
mostly fossil fuels resulting with environmental pollution and global warming. Hence, the problem of finding and
using alternative and clean energy sources is self-imposed. The environmental pollution problem increased the
interest in allocating more funds for scientific and research work on the use of biodegradable waste, thus in many
countries increased number of new power plants which utilize biomass and/or biogas increased.

Biogas is an interesting and important source of energy, especially when is generated from organic waste with
an anaerobic digestion procedure. By digesting biodegradable waste originating from various organic sources
such as mowing grass, cutting branches, biomass waste from farms and agricultural by-products, etc., in
anaerobic conditions, the waste is fermented, and biogas is obtained as an energy source. Simultaneously,
parasites and pathogenic bacteria are significantly reduced by more than 90%, which protects the groundwater,
the disposal of waste in landfills, which causes water and land pollution, is reduced, and quality fertilizer is
obtained for agriculture and other needs.

North Macedonia as primary agricultural country has large quantities of this type of waste which is a good
prerequisite for their rational economical use to obtain both, electricity and heat. Production and utilization of
biogas additionally opens opportunities for establishing a free market of electricity produced from renewable
energy sources. Finally, produced biogas could find its utilization value as renewable energy source for various
final customers starting from the largest, up to individual households or business users, as well as for utility
companies for gasification of cities or gas stations.

Introduction

The rapid development of society as a result of the technical-technological revolution is mostly
based on the possibilities of meeting the ever-increasing need for energy. Due to the
inconsistency of energy needs and the possibilities for its provision, energy crises are
happening, and as a result, there is an increased interest for improved and more rational use of
existing and new renewable energy sources. Encouraging the use of renewable energy sources
is a strategic goal of the EU, because it is in line with the Sustainable Development Strategy
and enables the achievement of the goals of the Kyoto and Paris Protocols in terms of reducing
greenhouse gas emissions, environmental protection, and reduction of global warming.

Several renewable or alternative energy sources are already in use. Some are in the
development stage, and some are only in the research and analysis stage for their potential
commercial utilization. In parallel with the energy crises, another important environmental
crisis is happening, the so-called global ecological crisis, which was created because of the
problems with increase amount of waste and its uncontrolled and irresponsible disposal which
threatens the health of the people and the environment. Therefore, within the global economic
policy, the issue of energy production from biomass using organic waste is also raised.

As there is growing concern about the excessive release of greenhouse gases into the
atmosphere and their impact on ozone depletion, and the negative impact that inappropriate
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waste disposal could have on human health and global warming, the well-known technologies
for biogas production from waste have been re-examined. It is known that through processes
of anaerobic fermentation of biodegradable waste, biogas could be obtained, which mostly
contains methane as an energy resource, then carbon dioxide, and less hydrogen, oxygen,
ammonia, etc. Various technologies have already been proven on a large scale for the use of
biomass as a renewable energy source for obtaining electrical and thermal energy, as well as
fuel for vehicles. In the EU, several hundred larger installations have already been installed for
biogas production and utilization as renewable fuel in power plants for obtaining electricity,
processing heat and steam, or fuel for transportation sector.

The energy potential of biomass in our country is significant to the extent that it should not be
ignored as a potential energy source. Thus, an adequate energy strategy for energy utilization
of biogas should be proposed. In this paper, the authors want to contribute to better
understanding the process of production of biogas from organic waste using one pilot project.
In this pilot project, the city Radovish and its public company responsible for municipality
waste disposal is put in the center of the analysis. The aim of this paper is to provide an insight
to the problem of waste disposal in our communities on a larger scale and in an environmentally
sound way, and to put in focus the use of municipality waste as renewable resource for
generation of biogas. In such way, with one positive action two solutions could be achieved:
firstly, environmentally friendly disposal of the municipal waste, and secondary generation of
biogas as renewable energy resource that could be used either for electric and/or heat energy
generation or as a fuel for local transportation sector, individual cars or trucks.

Main sources for biomass production

After coal and oil, on a global scale, biomass is the largest classical primary energy source as
a renewable and widespread raw material, unlike fossil fuels, whose quantities are limited and
exhaustible. Biomass can be considered a strategic resource because it is not only renewable,
but also available everywhere and from it one can obtain products important for human
progress, which will improve the socio-economic status of the people and land. What makes
biomass competitive is that it does not belong to the group of environmental pollutants.
Biomass does not contain sulfur, and its processing does not release sulfur dioxide, enabling
residual waste after the biomass production process to be used as a particularly good mineral
fertilizer.

Biomass is defined as biodegradable materials obtained from agriculture, livestock farming
and related industries and activities, as well as the biologically degradable part of the industrial
and communal city waste [1], [2]. Biomass, in fact, is an organic material that originates from
living organisms such as plants, animals, humans and microorganisms, which contain stored
energy from the Sun, where they bind solar energy through photosynthesis. By its
characteristics, biomass is a high-quality fuel. However, utilization of biomass as a fuel on a
larger scale requires several actions to be taken ahead, mostly the collection, transportation,
storage and bio-chemical treatment before biodegradable materials become usable biomass.

According to the EU Directive 2008/98/EC, biodegradable waste is any waste that can be
decomposed anaerobically (without the presence of oxygen) or aerobic (with the presence of
oxygen) decomposition processes, such as food waste, garden waste, paper and cardboard [3].
Numerous scientific and practical investigations are focused on the possibility of using biomass
to obtain biogas, as a potential energy source. In general, all organic materials are susceptible
to fermentation, from which processes biogas is obtained. The waste generated in agriculture,
forestry, food and wood industry stands for a quantitatively significant part of the total
generated waste. Additionally, biodegradable waste from households, green waste from city
green areas and separately collected biowaste also represent a significant part of the total
generated waste. Substantial amounts of residues (fluids and urine) are created in livestock
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farming, which, together with bedding, create manure and biomass that can be further used.
Apart from the desired products (milk, meat), intensive livestock farming also generates side
products with limited applicability, such as feces, fluids, which should be removed and
adequately used.

The largest producers of raw material for biogas production installations are animal farms,
slaughterhouses, restaurants, hospitals and all other entities that produce organic waste.
Growing plants to obtain more biomass will soon become a sought-after business, agriculture
will revive, farmland will be protected, watercourses will be preserved. Plants with a high
content of starch and oily substances are potential choice for biomass, and genetically modified
woody plants and the cultivation of fast-growing special species of willows and apple trees are
being investigated. Significant animal waste is also created in slaughterhouses, facilities for
processing meat, fish, eggs, milk, cold stores, warehouses, markets, meat shops, fishmongers,
catering, facilities for fattening and keeping animals, and everywhere else where animals are
kept animal products are grown and produced. These types of waste represent vast amounts of
raw material for anaerobic fermentation installations and obtaining biogas as energy and
compost as quality fertilizer.

If we make more defined categorization of the most important organic materials for obtaining
biomass, we should consider the following:

» Municipal waste:

= Municipal wastewater, sewage water,

= Septic tanks waste,

= Sediment from fecal sewage,

= Accumulated sediment from wastewater treatment plants,

= Municipal solid waste, especially organic part disposed in a landfill,
= Municipal solid waste, newly created,

= Park and garden maintenance waste, etc.

» Agricultural waste:

= Greenhouses waste,

= Animal manure, stable waste,

= Poultry,

= Waste from growing flowers, wood or fruits,

= Waste from growing vegetables

= Agricultural residues such as straw, corn, husks, stalks, bones, etc.,

= Plantation cultivation of plants specially intended for biomass production.

» The industrial organic waste:

= Wood industry, forest maintenance, wood processing, construction wood residues,
= Chemical industry residues,

= Brewing industry,

= Pharmaceutical industry,

= Paper industry.

Waste from slaughterhouses, carcasses,
Kitchen waste, restaurants,

Medical waste,

Other types of biodegradable waste.

VVVY
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Table 1: Biomass and Biogas Data

Municipal waste Energy value 6 — 15 MJ/kg

Domestic waste 1 [t] 60 m® — 150 m® biogas (50 % — 60 % methane)
Equivalent to 35 — 70 litres of liquid fuel

Organic waste 1 [t] Up to 100 m® of methane, i.e.

0.235 MWh of electricity,
0.155 MWh of heat energy,
350 kg of compost waste, and
450 kg of liquid fertilizer

Municipal solid waste Methane production of 70 — 120 Nm? per ton
or
50 — 90 Nm? per metric ton of treated waste
Organic waste 25 [t] Provides energy for 1 household per year

Production of biogas

Biogas could be produced with decomposition and fermentation of organic materials with the
complete exclusion of oxygen, t. e. with the so-called anaerobic microbic activities. The
development of these processes occurs under special conditions, such as the type of substrate,
temperature and pH value of the organic mixture. Because microorganisms are highly
adaptable, almost any organic matter can be decomposed. In the process of biogas production
fermentation residues are always formed which consist of a mixture of water, non-degradable
organic substances, usually rich in cellulose and containing lignin, and inorganic substances
such as sand, soil residues, salts and few other minerals. Fermentation always takes place in a
moist environment, as microorganisms need at least 50% water in the initial substrate.

Oxygen Ammonia 0-1%

.29,
0-2% Nitrogen0-5%
/ Y

drogen 0-1%

Hydrogen sulphide
Water vapor N 0-1%

0-10%

&
A

Figure 1: Typical chemical composition of biogas

Addressing its energy value, biogas usually has a heat value of 6.5 kWh/Nm?3, with calorific
value and energy potential of approximately 20 MJ/m3. Thus, from 1 m? of biogas with 65%
concentration of methane and heat value of 6.5 kWh/Nm3, one could obtain approximately 2.5
kWh of electricity, 3.3 kWh of heat energy, or enough energy for one vehicle to travel almost
8.5 km.
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How much and what kind of waste we create

As a result of everyday human activities, waste is constantly generated and disposed. Thus, in
addition to the daily problems due to the increasing pollution of air, water and soil, there is a
huge increase in the amount of waste materials, which in an ecological sense, leads to an
increasing pollution of the environment. Modern way of leaving and packaging of goods
creates more and more waste, which is increasingly difficult to deal with in an appropriate way.
This leads to unpleasant situation where very soon we can be, plainly speaking, buried in waste.
As a result of the excessive use of natural resources, and at the same time as a result of the
creation of increasingly large amounts of un-used waste and its inappropriate disposed, today,
globally we face occurrence of so-called global environmental crisis. As an example, by
adequate treatment of the municipality wastewater and sewage in the specially designed
treatment plants, one could produce on average 25 | of biogas per inhabitant per day, which is
a significant value of biogas considering the number of inhabitants in one middle size town.

Biodegradable waste from the region of Radovish

The available amounts of biodegradable waste (biomass) from the region of Radovish have not
been sufficiently and studiously studied in the framework of some kind of more comprehensive
project for its use. In this analysis, we pay our focus on the most important and widely available
organic materials in the form of biodegradable biomass that can be obtained from:

the municipal waste collected daily from the citizens,
the disposed waste at the landfill,

the reduced waste sewage deposits,

the wastewater from the treatment plant,

wood waste and debris,

waste and residues from the agricultural complex, and
the waste from the local farms.

Communal waste

According to the Questionnaire of the European Commission for the preparation of an opinion
on the request of the Republic of Macedonia for membership in the EU and the provided
answers, with respect to the quantities of municipal waste generated, the daily production of
municipal waste per inhabitant amounts to:

e for urban areas 0.70 kg/day/person
o for the rural areas 0.50 kg/day/person

On the other side, Figure 2 represents an average value in percentage shared between different
waste materials in the total amount of municipality waste according to the available data from
the public waste collection company “Plavaja” of the city of Radovish . Figure 2 shows that
biodegradable waste amounts for almost 75% of the total municipality waste.

Solid waste dump

According to JP Plavaja [4] In 2021, from 27641m? solid waste that has been collected from
the places for collecting solid waste at the territory of Radovish and deposited at the regional
city landfill , at least 30% was biodegradable.
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CONTENT OF THE COMMUNAL WASTE

=Paper and packaging
= Plastic
Iron
Glass
= Rubber
= Wood
™ Textile and Leather
= Kitchen waste
= Waste from parks
= The rest

Figure 2: Contents of various waste materials in the total waste in the city of Radovish

Wastewater treatment plant

Realization of the project for putting into operation of the wastewater treatment plant in
Radovish was a significant capital project for the creation of biodegradable waste and its future
utilization. The outline of this environmental project is given in Figure 3. Only in 2021, this
wastewater treatment plant has processed 2.100.400 m® of wastewater including fecal,
industrial, and infiltrated rainwater [4].

The technological data from the wastewater treatment project show that after the fermentation
of municipal wastewater there is the deposited sludge as a by-product. This deposited sludge
could be further used and bio-chemically treated because it cannot be simply permanently
deposited in or around the treatment plant. If we do that a huge landfill deposit space is required
near the plant that would further pollute the surrounding environment. Only in 2021, the
treatment plant has produced 624 m3 deposit, which with the help of centrifuges is brought to
an average solid content of at least 20%, This solid waste is currently deposited in the municipal
landfill and represents significant environmental problem for JP “Plavaja”, and the city of
Radovish.

Potential biogas users
Biogas pumps for vehicles

The major chemical component of biogas is methane, that due to its significant energy value
and modest price, recently has become widely used as favorable energy source in the
transportation sector, especially for driving individual vehicles and tracks. Considering that
other fossil fuels (oil and its derivates) are exhaustible and have a limited lifespan, biogas, i. e.
methane as an unlimited resource, gradually becomes a fuel of the future.

More and more vehicle manufacturing companies are already producing vehicles that run on
methane as an original fuel or produce additional equipment that enables existing vehicles
being retrofitted to run on methane. In Macedonia, methane is already being added to vehicles
at some of the existing gas stations and provides retrofitting of the existing vehicles which
originally ran on petrol or diesel fuel. This provides us with hope to emphasize the installation
for biogas production facilities and construction of dedicated biogas pumps have bright future
and could be easily built in or near the populated areas.
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Figure 3: Bird-view of the wastewater treatment plant in Radovish

Electricity generation from biogas

Biogas produced by means of bacteriological process called anaerobic digestion, could be
converted into electricity and heat energy. Electricity can be sold at a preferential price, while
thermal energy can be used for heating or cooling buildings, in various technological processes
in industry, greenhouses, dryers, etc. Anaerobic fermentation is a stable and proven technology
that provides an environmentally friendly energy supply solution.

If a biogas power plant could be erected in the vicinity of the wastewater treatment plant in
Radovish, the electricity produced could be used as self-supply for the purposes of wastewater
treatment. As a raw material for biogas production, we could use the sludge produced from the
biological treatment of wastewater. This is especially important for smaller settlements where
there is no possibility, or it is economically not feasible construction of wastewater treatment
plant. For such communities, the wastewater from the sewage system can be directly applied
to a biogas production installation. Also, from individual entities (business, households and
others), which use settling plants (pre-treatment plants, septic tanks, or similar) for municipal
wastewater, the entire municipal wastewater can be processed in the biogas production
installation.

Biogas production - ecological aspects

Anaerobic digestion technology for biogas production reduces unwanted and uncontrolled
methane emissions from landfills and reduce the volume of the waste disposed on landfills.
Thus, instead of free methane release from landfills into the atmosphere and preventing forced
depletion of the Earth’s ozone layer, controlled production of biogas in biogas production
facilities enables capture, storing and quality utilization of methane as valuable energy
resource. Only methane gas contributes 10% to global warming, and its use as an energy source
significantly reduces this percentage, thus also reduces the level of global warming.

At the same time, anaerobic digestion of organic waste for biogas production offers the
possibility of reducing anthropogenic emissions of greenhouse gases that pollute the
atmosphere and cause the greenhouse effect. An additional environmental advantage is the fact
that anaerobic digestion could be considered as CO2 neutral activity, because it results with no
emission of CO. gases into the atmosphere. During the process of digestion, up to 99% of
pathogenic bacteria are destroyed in the fermenter, and at the same time the considerable
number of insects that usually follow the waste are eliminated. Substances that cause
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unpleasant odors in untreated waste, such as fatty acids, phenols, phenol derivatives, are
degraded in the biogas production installation and the emission of unpleasant odors is reduced
by 90%. Finally, production and use of biogas substantially reduces the amounts of other toxic
substances such as NOx, which affects the increase in respiratory diseases in humans.

Knowing that coal and heavy oil reserves are limited and unfavorable due to their high
environmental pollution effects, developed countries serious has been paid attention to the
production of energy from renewable sources such as solar, wind, and geothermal energy,
utilization of biofuels, e. g. biomass and biogas, etc.

Conclusions

The aim of this paper was to make a suitable contribution towards development of awareness
of the effectiveness of biogas production, its positive environmental effects, and to renew or
launch initiatives for proper activities for development of biogas production facilities. We also
initiate and cherish any actions and cooperation with companies from EU and Asia which
produce equipment for biogas production and have adequate experience in biogas production
and utilization. Such cooperation and knowledge transfer could be of great benefit for the
development of such installation in our country.

Construction of such biogas generation plants opens the possibility of reducing the
anthropogenic emissions of gases that pollute the atmosphere and cause the greenhouse effect.
It would have a positive effect on reducing biodegradable waste that at present we have in the
country as mostly agricultural economy and decrease the amount of waste disposal in open or
close landfills. Thus, utilizing the disposed waste as a raw material from the existing landfills
that continuously pollute nature, underground water and air, in such biogas production
facilities, we could, on one side we can protect our environment and improve the environmental
footprint of our country, and on the other side we could generate valuable energy resource that
can help our energy, transport and agriculture sectors.
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Abstract

In the paper, a V/f AC motor speed regulator based on an intelligent power module (IPM) and a microcomputer
is designed and practically implemented. The ATmega 328P microcomputer controls the operation of the IPM
TM 35 and generates the SPWM pulses for controlling an asynchronous 3 phase AC motor. The intelligent power
module TM 35 works as a power driver that isolates and transmits the SPWM signals from the microcomputer to
the AC motor. A basic goal in the design of the device is the reduction of the necessary hardware components and
the price, as well as the improvement of the reliability of operation. The control and visualization of the operation
modes of the V/f controller is realized with an LCD display. The operation of the controller at idle and under load
has been tested.

Key words
IPM-Intelligent Power Module, Microcomputer, V/f AC motor speed regulator.

1. Introduction

An induction motor mainly works as a constant speed motor, however possible in the defined
range with some drawbacks such as efficiency drop and aggravation of the power factor to
operate at variable speed.

Before discussing the methods to control the speed of three phase induction motor one should
know the basic formulas of speed and torque of three phase induction motor as the methods of
speed control depends upon these formulas.

The speed of induction motor can be changed from both stator and rotor side. The speed control
of three phase induction motor from stator side are further classified as:

e V/fcontrol or frequency control.
e Changing the number of stator poles.
o Controlling supply voltage.

The speed controls of three phase induction motor from rotor side are further classified as:

« Adding external resistance on rotor side.
o Cascade control method.
« Injecting slip frequency emf into rotor side.

Three phase induction motor speed control principle an be made by adjusting the frequency of
the input voltage to the motor. The equation used to determine the motor synchronous speed Ns

is as follows [2]:

__120f

Ns = @
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where, f = supply frequency and z is the number of stator poles.

From the equation (1), the speed of magnetic field varies with the frequency of the voltage,but
the 3-phase motor has a shaft that rotates at a speed slightly less than the speed of themagnetic
field, i.e. schronous speed. Which is called slip speed with values that are approximately 1-3%
lower than the synchronous speed and depend on the motor load.

N = Ns(1 —5s) (2)

Where N is the speed of the motor’s shaft, the unit is rpm, while s is called slip which is the
ratio of the magnetic field velocity difference to the speed of the motor shaft.

From above relation factors affecting speed of induction motor are frequency, number on poles
and slip. From other side torque T on AC motor is given with [2]:

14
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where T is torque in Nm, P is power in W, f is frequency in Hz, V is stator voltage in V and ®
is flux in Wh.

Equation (3) illustrates the so-called scalar, or VV/Hz control of an induction motor. The open
loop V/Hz control of an induction motor is by far most popular method for speed control
because of its simplicity, and these type of speed control is widely used in industry [2]. Voltage
is required to be proportional to frequency thus that stator flux & remains constant. This causes
that the maximum motor torque T also remain constant and independent of supply frequency.
In the Fig. 1 is shown the torque-speed curves.

Torque T A

Tlﬂa)(

0 -
Ns; SpeedN
Fig. 1. Torque-speed curves.

Figure 1 shows that speed is increasing proportionally with frequency and maximum torque
remains constant if supply voltage also increases with the frequency.

In this paper, the authors used aV/f controller for speed regulation on 3 phase AC motor with
nominal voltage 3x380 VAC, nominal power 1.5 kW, nominal current 4.8 A, nominal
frequency 50 Hz, and with number of poles z = 8. This controller is based on microcomputer
Atmega 328P build on Arduino nano board and intelligent power module TM 35.

The test for proper operation of the designed motor controller is made so that the AC motor
driven by the regulator is mechanically coupled to a DC generator with nominal voltage
100 VDC and nominal speed of 1,550 rpm. Heaters are connected to the output of the DC
generator. Integrated AC DC power meter used to measure input and output energy. AC power
meter is placed at the input of the controller and a DC power meter is placed at the output of
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the DC generator. Brief description of the components used in the implemented regulator
together with the regulator and controller information are given below.

2. Advantages of AC Motor Speed Regulator based on Intelligent Power Module and
Microcomputer

Next, the major advantages of an AC motor speed regulator with an intelligent power module
over solutions without intelligent power module and a generator on classic sinusoidal pattern
are presented.

In the Fig. 2 the bloc diagram of analyzed 3-phase motor speed regulator is shown.

3-phase motor

+| 6IGBT 220V, 50Hz
..L DC Link Sw”':h ,'. 1 -
i {1SPWM ,”I. fedback and protection
| isolate dver circuit| ¥ signals
-ONETCLment
ndenvollage
| controller o -Phase faut

Fig. 2.Block diagram on 3-phase motor speedregulator.

The use of a microcomputer in the design of an AC motor speed controller compared to the
classical configuration of controllers for generating SPWM signals provides simpler hardware
architecture. The simplification resides in the design of the controlling circuit. In case of classic
architecture design with analog circuits, the controller is built from analog and digital circuits
including IGBT transistors for generating the sinusoidal voltage and the triangular reference
voltage, required for the construction of the SPWM pattern, as shown in Fig 3, [3].

Sine Wave Generator >7 +
Modulating

Comparator SPWM Qutput

Triangle Wave G t &
riangle Wawve Generator Carrier

Fig. 3 Classic architecture design for generating SPWM pulses using inverter regulator with IGBT
transistors.

The switching signal is generated by comparing the sinusoidal waveform and the triangular
carrier waveform. The comparator output is high when the sinusoidal voltage is greater than
the triangular voltage. The output pulses of the comparator are used as the gate pulses of the
IGBT bridge.

In the case when the controller is implemented with a microcomputer, the sinusoidal pattern is
software generated by defining on the points of switching-on and switching-off of the IGBT
switches in the bridge. An example of a piece of a software code that generates pulses by
variable width to drive the gates of the IGBT switches in the bridge could read as follows.

Code for generates pulses with variable width

const int output_ 1 =09;
const int output_2 = 10;
const int output_3 =11,
const int t = 3310;

void setup()

24



{
pinMode(output_1, OUTPUT); // Phase 1

pinMode(output_2, OUTPUT); // Phase 2
pinMode(output_3, OUTPUT); // Phase 3

}

void loop()

{

delayMicroseconds(t);
digitalWrite(output_1, LOW);
delayMicroseconds(t);
digitalWrite(output_2, HIGH);
delayMicroseconds(t);
digitalWrite(output_3, LOW);
delayMicroseconds(t);
digitalWrite(output_1, HIGH);
delayMicroseconds(t);
digitalWrite(output_2, LOW);
delayMicroseconds(t);
digitalWrite(output_3, HIGH);
}

A. SPWM generator

The PWM Generator (three-phase, two-level) block controls switching behavior for a three-
phase, two-level power converter. The block:

Calculates on- and off-gating times based on the block inputs:

three sinusoidal reference voltages, one per phase, and

a DC-link voltage

Uses the gating times to generate six switch-controlling pulses.

Uses the gating times to generate modulation waveforms.

Continuous and Discontinuous PWM

The block provides modes for both continuous and discontinuous pulse width modulation
(PWM). Fig. 4 shows the general difference between continuous sinusoidal PWM (SPWM)
and discontinuous PWM (DPWM)waveforms.

SPWM 30°DPWM clamping

a.) b.)

60° DPWM clamping

_.____f_____],_.____,l______i
|
c.)
Fig. 4 The general difference between: a.) continuous sinusoidal PWM (SPWM), and b.) discontinuous

PWM (DPWM) waveforms with 30° DPWM clamping, and c) discontinuous PWM (DPWM) waveforms
with 60° DPWM clamping.
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For discontinuous PWM (DPWM), the block clamps the modulation wave to the positive or
negative DC rail for a total of 120° degrees during each fundamental period. During the
clamping intervals, modulation discontinues. A waveform with 30-degree DPWM has four 30-
degree intervals per fundamental period. A waveform with 60-degree DPWM has four 60-
degree intervals per fundamental period.

The use of a microcomputer in the design of an AC motor speed regulator is the first advantage
presented in this paper. The second advantage of the designed controller derives from the use
of an intelligent power module [4], Fig. 5.

3-phase maotor

— ‘  3x220V. 50Hz
5 DC Link P (2 .
220V, 50Hz i
| /
T {1 SPWM |, fedback and protection
controller ' signals
L:' -overcurment
-undenollage
phaso faut

IPM-intelligent power module
Fig. 5 Block diagram on 3-phase motor speed regulator with intelligent power module.

A comparison of Figs.3 and 5 shows the simplicity of the controller with a built-in intelligent
power module.

3.Design on 3 - phase AC Motor Speed Regulator based on Intelligent Power Module
and Microcomputer

Block diagram on design AC motor speed regulator based on Intelligent Power Module and
Microcomputer is shown in Fig. 6. The design solution is based on an Atmega 328P
microcomputer on Arduino nano board and a TM 35 intelligent power module.
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Fig. 6 Block diagréfn on design 3 - phase AC motor speed regulator based on intelligent power module
TM 35, and microcomputer ATmega 328P on Arduino nano board.
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3.1 Atmega 328P microcomputer on Arduino nano board

Arduino Nano is a microcontroller board that is similar to the Arduino Uno board but small in
size and for readers who are not very familiar with microcontrollers. Microcontrollers are
devices that contain a CPU, RAM, ROM, and I/O pins on a single integrated circuit and are
used in electronic projects. In order to understand the Arduino boards and to use them
effectively, one must first go through the pin configuration of the specific board, [6], [7]. Pinout
on Arduino nano board, is represented on Fig.7.

SDA
SCL

Fig. 7 Pinout on Arduino nano board.

This Arduino nano have 14 8-bit digital 1/0, 7 10-bit analog input, 6 PWM output. In our
application PWM outputs pins 11 and 3 are used for phase U, pins 6 and 5 for phase V, and 9
and 10 for phase W. For more information about Arduino nano, the reader is advised to consult

[8].
3.2 Intelligent Power Module TM 35

Intelligent power module (IPM) TM 35 shown in Fig. 8, makes the inverter to control the speed
of the 3-phase AC induction motor extremely easy.

Fig. 8 Intelligent Power Module TM 35.

Intelligent Power Module TM 35 is product of the Shindengen Electric Company, which has a
30A 600V coordinate that can beused up to 2.2 kW, 220V/380V 3-phase AC induction motors
[5]. This is a hybrid integrated circuit device that incorporates the IGBT and a driver circuit set
connected to the control circuit by opto-couple and switching power supply circuits for
supplying 2 external control circuits. In addition, there is an over current and overload
protection circuit. Therefore, the IPM TM-35 device is a convenient and easy device to design
and assemble the inverter.

A rectifier circuit with the bridge diode D and the resistor device R presented in Fig 6, is
limiting the over load current to the diode bridge. The initial charge at the capacitor C
1500uF/400V which has 4 parallel and voltage drop across the capacitor is the input voltage
for IPM TM-35 by the positive (+) connected to the P terminal, and the negative (-) connected
to the N terminal. When the voltage across capacitor increases to the value of 170V, the
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switching power supply in IPM TM-35 circuit will start to supply 5.0V at the Vcc2 pin and
13.5 V at the Vccl pin, and the Re will start to work. As a result, the resistor device is short-

circuited to direct capacitor current flows. DiodeD1 serves to prevent the reverse voltage of the
coil Re.

3.3Microcomputer code test results

In the Fig. 9 is shown Arduino nano board with upload code in test phase.

Fig. 9 Arduino nano board with upload code in test phase.

Obtained waveforms for phase pulse HU (pin11), HV (pin6) and HW (pin 9) for 25 Hz and 50
Hz frequencies, are presented in Fig. 10.

a.) b.)
Fig. 10 Waveforms for phase pulse with horizontal 10 ms/div: a.) HU (yellow), HV (green) and HW (purple)
for 25 Hz, and b.) HU (yellow), HV (green) and HW (purple) for50 Hz.

Fig. 10 a.) and b.) shows that the phase pulses generated by the microcomputer are phase shifted
for120°.

Fig. 11 a) and b) shows waveforms for phase pulse HU-LU (pin11-3) for 40 Hz and 50 Hz
frequencies, while on Fig. 11 c) phase pulse HU-LU dead time is given.

w 11T 1T 3
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c.)
Fig. 11 Waveforms for phase pulse HU(yellow)-LU (green): a) for 40 Hz, b.) for 50 Hz, and ¢) HU-LU dead
time.

From Fig. 11 a.) and b.) it can be seen that the phase pulses HU (yellow)-LU (green) generated
by the microcomputer are phase shifted for 180°. Also, from Fig. 11 c,) it can be seen the dead
time on the phase pulses HU (yellow)-LU (green). This dead time ensures that the switching-
on of the two IGBT switches in the same half bridge does not overlap.In the specific case, the
dead time is about 5 ps.

4.Results of the experimental work of the design AC motor speed regulator

For testing, measurement, visualization and data log of the operation of the designed 3-phase
AC motor regulator, an integrated AC DC power meter and mechanically coupled on the AC
motor by a DC generator shown in Fig.12 is used. The AC motor data was 3x380V, 50 Hz,
4.8 A, 8 poles, Ns = 750 rpm, and the DC generator data was: nominal voltage 100 VDC, and
nominal speed 1,550 rpm.

a.) | b.)
Fig. 12. Realized devices used for testing on AC motor regulator: a.) Integrated AC/DC power meter, and
b.) mechanically coupled on the AC motor by a DC generator.

The integrated power meter provides the possibility to display input and output energy, power,
current, and voltage data on LCD screens and stored them in a compatible EXCEL® data log
file. Realized AC motor speed regulator with microcomputer and IPM TM 35 is shown in Fig.
13.
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Table I consist of given data for input to the AC regulator,the input current lin, inputvoltage
Vin, power factor cosg, and input power, as well as DC generator’s output data such as output
current lo, voltage Vo, and output power Po. The data is given for change on motor frequency
fmon AC motor regulator in the interval from 1 Hz to 50 Hz, with 5 Hz step. Nm and NDCg
are measured speed on the shaft of the AC motor and the DC generator, respectively. Table |
also have the calculated data for the torque T (Nm) and the efficiency coefficient n (%).

Table I:
fm lin Vin | cose | Pin lo Vo Po Nm | NDCg T n(%)
Hy) | (A) | (V) W | A | M| W | (pm) | (rpm) | (Nm)

5 244 | 244 | 0.52 | 307.2 11 | 8.16 8.94 72 151 |40.74] 2.91
10 121 | 2443 | 047 | 1374 | 231 | 16.98 | 39.22 | 145 303 9.04 | 28.54
15 2.84 | 2445 | 043 | 299.2 | 3.56 | 2581 | 91.76 | 216 452 | 13.22 | 30.66
20 2.74 | 2447 1 045 | 3028 | 4.03 | 33.29 | 134.11 | 287 595 | 10.07 | 44.28
25 398 | 24471 047 | 457.8 | 5.31 | 42.12 | 223.5 | 356 732 | 12.28 | 48.82
30 5.04 | 24471048 | 5919 | 6.6 |50.83 | 33527 | 421 858 | 13.42 | 56.64
35 6.16 | 244.7 | 0.5 | 753.7 | 7.44 | 57.2 | 425.82 | 487 979 | 14.77 | 56.49
40 7.50 | 2446 | 0.51 | 936.3 | 8.45 | 64.24 | 543.08 | 553 | 1091 | 16.16 | 58.00
45 8.77 | 244.6 | 0.53 | 1136.4 | 9.26 | 70.27 | 650.69 | 620 | 1206 | 17.50 | 57.25
50 10.40 | 244.1 | 0.53 | 1348.8 | 10.29 | 89.26 | 918.61 | 666 | 1230 | 19.34 | 68.10

Discussion of the results of the experimental testing:

The main task in the paper was the design and implementation of an AC motor regulator with
a microcomputer and IPM. However, some minor omissions were necessary done in the
experimental testing phase, e.g.in the calculation of the torque T, the losses of the rectifier and
of the inverter in the intelligent power module were neglected. Additionally, the measured input
power is assumed to be the same as the power supplied to the motor, although. Clearly this is
not the exact power delivered to the motor shaft as its efficiency is not known. The DC
generator used as a coupled load with the AC motor does not provide the possibility to load the
motor with a constant mechanical load for all operating frequencies from the regulator (starting
from 0 to 50 Hz). That affects the calculation of the torque and efficiency coefficient given in
Table I. However, the most important fact that should be considered is that the generated torque
at low speeds was large. It shows that the solution fulfills one of the basic requirements for
such systems to provide a large moment at low speed, very important fact for AC motor starting
characteristic. Furthermore, it can be seen from Table I that for aninputfrequency of 50 Hz the
torque is close to 20 Nm, which is the moment according to the motor data for a synchronous
speed of 750 rpm and a frequency of 50 Hz.
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Conclusions

In the paper, the main task was to design, implement and experimentally test a 3-phase AC
motor speed regulator based on a microcomputer and an intelligent power module. The use of
a microcomputer and IPM has large influence on the reduction of hardware components and
thus the price of the device in relation to solutions where analog circuits are used to generate
sinusoidal pulses to control the IGBT switches in the inverter and driver circuits as a coupling
between the control part and the IGBT the inverter. During experimental testing phase, as a
result of the absence of a real constant mechanical load, the designed AC motor speed regulator
was loaded with a variable load consisting of a DC generator and output heaters.Such a load
showed that the solution provides the motor operation with a high starting torque and a
maximum developed power of 1,348 W. This was a good indicator that the goals set in the
paper have been realized.
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Abstract

Heating power plants are the major source of hot water intended for heating of communal areas or districts, or
even whole cities for any developed country on a large scale. The usual concept for conventional heating power
plants is burning fuel into combustible chambers called boilers and production of heat in the form of hot water.
Then, using already developed heat network consisted of pipes and pumps, the hot water is distributed to final
customers. At the cogeneration power plants, the process is almost similar, with the major difference that in the
boilers instead of hot water, the so-called superheated water vapor is generated which initially is used in the
steam turbines for electricity generation, and later the exhausted steam is re-used using condensers for production
of heat in the form of hot water for central heating purposes.

In this paper, the authors present comparative environmental analysis between two gas-fired plants used for
central heating of the city of Skopje. The first one is the conventional gas-fired heating plant which has only one
product, hot water for central heating purposes. The second power plant is cogeneration gas-fired power plant;
thus, it simultaneously generates electricity and heat used for central heating. Since 2013, both plants use natural
gas as primary fuel, which although still a fossil fuel, is less polluting and environmentally more acceptable. The
obtained results of the analysis and comparison between both power plants are given in details showing that both
plants are within the prescribed environmental regulations.

Key words

heating power plants, central heating, cogeneration, environment protection, pollution
Introduction

The conducted research indicates analyzed one of the most important heating plants in the main
town in our country. One heating plant is intended only for central heating, while the other one
is cogeneration power plant intended to generate both, the electricity and the heat,
simultaneously. In this analysis, particular attention is paid to the environment impact of both
power plants. Heating plants are the major source of public heat in various developing country,
using primary fuel, usually coal or fuel oil burnt inside the combustible chambers/boilers at
high temperature and generating heat energy. The heating plant has serious negative
environmental impacts on soil, air and wastewater, and emits a large amount of CO> particles
aggravating the surrounding environment. Various mitigation measures for the control of
pollution caused by heating plants along with some new technologies have already been
discussed.

The conventional heating power plant (HP) “West” treated in this analysis until 2013 used fuel
oil as primary fuel. However, during 2013 a replacement of the fuel oil as primary fuel with
natural gas occurred, keeping fuel oil as reserve or backup fuel in case of emergency. On other
side, the cogeneration plant TE-TO, also treated for comparison in this analysis, uses only
natural gas as primary fuel. Natural gas is a fossil fuel, nonetheless the global pollution
emissions during its combustion, especially particles, CO2 and NOx emissions are much lower
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in comparison with fuel oil and especially coal. This fact enables us to make comparison
between environmental impacts of both plants using the same primary fuel. Detailed
presentation of the operation system and distribution of heat energy for both plants are
presented.

Research methodology

As a basic methodology for researching the problem, elaboration, evaluation and proposing
measures that can improve the process, initially we used the usual concept of an Environmental
Impact Assessment (EIA) with Sustainable Development Analysis (SDA) and Sustainable
Development Goals (SDGs) [1]. This methodology allows us to make comparative analysis
between both generation plants and provides an easy tool for analyzing advantages and
disadvantages of each of them independently. To use the proposed methodologies, a system
analysis needs to be performed for the system under consideration. Speaking about the system,
we follow the definition “a system is a set of components and the connections between them”
as given in [1], or simply said, we consider all relevant parts of the system, such as, the input
to the system (e. g. material, energy, information), the type of transformations that will occur
within the system and the output to the system that needs to be analyzed.

Case-study

General information about the companies

Supply of heat energy to the Skopje city in 2018
Installed power [MW,]

100%

96

80%

60%

40%

20%

0%
EBEG ®ESMAD = Skopje North AD

Figure 1: Participation with heat energy of the three heating systems of the Skopje city in 2018 [2]

Figure 1 shows the total required heating energy for 2018. The BEG has the largest share with
an installed production capacity of 478 MW, followed by ESM AD with 96 MW, and Skopje
North AD with only 46 MW, [2]. The percentage share of heating energy from BEG is
approximately 75%, and it can be concluded that the importance of this company is the largest
in the central heating of the city of Skopje.

The BEG company has three heating plants for heat energy production, two of which are active,
with a total installed power of 470.19 MW4, (100%):

1. Heating plant (HP) “East”, located in the eastern industrial zone of the city, installed
heat power of 279.12 MW4 (58%), and steam power of 16.30 MW.

2. HP “West”, located in the municipality Taftalidze with installed heat power of 162.82
MW4 (36%), and steam power of 20.09 MW, and
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3. HP “11 October”, located in the Kisela Voda municipality with an installed heat power
capacity of 28.25 MW (6%).

The meaning and impact on the environment of each of the heating plants is equally important,
but in order to make a comparative analysis of the environmental characteristics between
conventional and cogeneration gas district heating systems, a detailed presentation of the
impact itself will be analyzed only on one of the BEG heating plants, the "West" heating plant.
This heating plant is designed for the production of heat energy with a total capacity of 182.91
MW [3]. There is an installation of a total of:

e Four superconducting drive units,
e two combined boiler — steam units, and
e one steam propulsion unit.

Two high-flow propulsion units are connected to their own chimney, while the others are
connected to a common chimney. This plant is designed in such a way that the transport of flue
gases from each hot water boiler to the entrance to the chimney takes place through separate
flue ducts for each boiler, but the flue ducts are also run separately even in the multicycle of
each boiler. The remaining flue gases from the other boilers are removed through a common
collection flue channel with a special opening on the chimney.

The plant has also additional (auxiliary) boilers:

e one boiler for combined production (steam — hot water), which can change the mode of
operation in a very short time. This boiler can be used for the production of heat in the
central system and for meeting one's own energy needs in the plant itself, and

e two steam boilers.

During the preparation of the application for obtaining of the unified A-type environmental
permit, the old heating burners that work on fuel oil were substituted with natural gas burners.
Today, natural gas is mainly used as a burning fuel, while fuel oil is used only as a backup fuel.

The other plant used for environmental comparison, the TE-TO company is a cogeneration
power plant with production of electricity and heat in the so-called combined cycle and uses
only natural gas as fuel. This power plant is in the eastern industrial zone of Skopje city. The
installed capacity of this power plant is 220 MW electric power and 160 MW, heat power.

The combined cycle involves the use of waste heat produced by the gas turbine for steam
generation in the so-called heat recovery steam generator (HRSG) for driving the steam turbine
and electric generator. This enables better utilization of primary fuel energy which usually
exceeds 50%, significantly higher than the efficiency of conventional electricity generation
power plants. Additionally, after utilization of the steam in the steam turbine for electricity
generation, the heat energy that the steam still retains is used for generation of heat for heating
purposes using energy conversion unit (the condenser). In that way, the total utilization factor
of the primary fuels rises additionally above 75%.

This cogeneration plant is designed to work in two modes:

» Cogeneration mode (simultaneous production of electricity and heat energy), when
the efficiency of the power plant in this mode of operation is over 75%. The produced
heat is delivered as hot water to the public heating distribution system in the city of
Skopje.

» Condensation mode (electricity production only), when energy efficiency is on
average around 50%.

In addition to the improve utilization factor for the primary fuel, an additional environmental
advantage of the TE-TO plant compared to conventional power plants is the use of a hybrid
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cooling tower instead of a conventional wet cooling tower in the water-cooling process. This
concept, which is also being applied for the first time in the country, has environmental benefits
due to reduced water consumption and the occurrence of fog associated with the evaporation

of cooling water from the towers. Table 1 summarizes the main technical data for the TE-TO
installation.

Table 1: Basic project technical data for TE-TO

Units Data
Electricity production
capacity
— Gross MWel around 220 to 240
— Net MWel around 214 to 234
basic work with approx.
Mode of operation 8,300 h/annual operating
hours
Heating production capacity MWth max.160
Fuel
— Type - Natural gas
— LHV MJ/Nm?3 36
— Consumption Nm3/h About 52,000
Expected emissions dry, at
15% O
— NOx emissions mg/Nm?3 <75
— CO2 emissions mg/Nm3 <100
Source: [4]

Heat Distribution

The distribution of heat energy is carried out by a two-pipe distribution network (DN) from the
point of receipt of the produced heat energy, through the main connecting lines and heating
stations to the place where the heat is delivered for heating of the end consumers. The transport
of natural gas as a separate part of the distribution to HP “West” takes place via the natural gas
pipeline network that passes through the city of Skopje. Some main technical characteristics of
the existing DN are shown in Table 2. We could notice that the length of the DN is almost 400
km with normal pressure of 16 bars.

Table 2: Technical characteristics of a distribution system

Distribution system of pipelines Two-pipe distribution system
Length of the distribution network cca 200 km (400 km pipelines)
Primary side temperature mode 110/65 °C

Nominal pressure 16 bar

Annually distributed heating energy 500 GWh

Source: [5]

During distribution, chemically prepared and diaurated water is used through the supply and
return pipelines. Technical water used in the process of heat energy production and with which
energy is transferred to the end users is softened by ion exchange with ion exchange resins,
whereby the calcium and magnesium ions that define the hardness of the water are removed.
The gases (mainly Oz and CO3) are then removed in a high vacuum deaeration plant. Softened
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and diaurated water is stored in expansion supply tanks. During the preparation of the chemical
and diaurated water, there are waste particles as a residue that have a negative impact on the
environment [6].

Pros & Cont analysis of fuel oil and natural gas

As previously stated, the HP “West” which is the subject of this analysis, until 2013 operated
on fuel oil to produce heat energy. Then, the plant has been repowered using natural gas as an
energy source, and it should be noted that all burners are adapted to burn both fuel oil and
natural gas. Since 2014, due to the huge positive aspects that characterize natural gas, fuel oil
has been set only as a backup fuel, while the plants continue to operate using only natural gas.

Ny Disadvantages

- Dense, high viscosity, difficult
manipulation

- Contains a large content of toxic
Advanages elements in its composition, such as
sulfur

- Easily available £ Ve finishi dure for it
- EXpensive Tinisnin roceaure Tor Its
- Known features based on years of use use P ap

Figure 2: Advantages and disadvantages of fuel oil

Natural gas

/ Advantages

Disadvantages

- Two times lower CO, emission )

- Three times lower emission than coal - DREaUETes o) Gy (mpefs
: due to the lack of own sources of

- A rich source of energy natural gas in the country

- The most environmentally friendly - Large investments for the

fossil fuel that burns completely construction of the gas pipeline

- Easy maintenance and use system

- Good efficiency - Limited availability

- Affordable price - Non-renewable source

wrge world reserves Qanger of explosion

Figure 3: Advantages and disadvantages of natural gas

Figures 2 and 3 show the main advantages and disadvantages of fuel oil and natural gas. It can
be concluded that natural gas has more advantages than fuel oil. Fuel oil is a fuel that has been
used in the country for many years, while natural gas can be considered as a "new" fuel because
it has been used on a large scale only in the last several years, despite the large world reserves.
One of the reasons or shortcomings of this energy source is that there are no existing sources
of natural gas in the territory of the Republic of North Macedonia, so the country is entirely
dependent on imports.

The biggest advantage of natural gas is that it is the cleanest fossil fuel. It does not contain SOx
in its composition, so it follows that there will be no SO, emissions in the combustion products.
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Unlike natural gas, when fuel oil is burned, there is a large amount of SO in the combustion
products. SO in contact with hydrogen creates sulfuric acid, which is not suitable for the plant
and for the heating energy production process itself, thus natural gas is much more
environmentally friendly.

Research results and discussion
Analysis of NOx emissions and reduction proposals

Table 3 shows data for annually delivered heat energy and emissions of NOx from 2014 to
2019, according to the BEG company. The reason why the emissions after 2014 were analyzed
is that after 2014 only natural gas is used as primary fuel. Since NOx emissions are significant,
we recommend the installation of gas burners with ultra-low NOx emissions with < 30
[mg/kwh]. A good example of such burners are the burners produced by the Weishaupt burner
company, like WM-G10 ZM-PLN and/or WM-G20 ZM-PLN [7]. The calculations in the table
were given in case the burners with NOx emissions < 30 [mg/kWh] were installed in HP “West”
from 2014 to 2019. The reduction of annual NOx emissions could be at least 4 times lower
when using gas burners with ultra-low NOx.

Table 3: NOx emission: real, measured values and values in case of using ultra-low NOx

burners,
Delivered heat energy Emissions
" v | N0« Messaen | N0 e af st e ow KOs
[MWh] [t/year] [t/year]
2014 112,864 29.17 3.39
2015 109,381 23.18 3.28
2016 115,473 15.72 3.46
2017 140,233 19.09 4.21
2018 124,698 17.02 3.74
2019 108,968 13.14 3.27

Source: BEG
Emissions of CO2

Table 4 shows annual emissions of CO> obtained by using different types of fuel. The values
of emissions in tCO2/MWh are taken from the Regulator for Energy Control [8]. The value of
125,526 MWh/year is the annual thermal energy production by the HP “West” in 2018 [9].

Table 4: Emissions of CO2

Emissions of CO2
Fuel tCO/MWh MWh/year tCOy/year
Heating energy (central heating) 0.259 125,526 32,511
Individual heating with natural gas 0.202 125,526 25,356
Individual heating with fuel oil 0.279 125,526 35,022
Individual heating with electricity 0.915 125,526 114,856
Individual heating with lignite (brown coal) 0.364 125,526 45,691

Source: BEG, [8] [9]
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Figure 4 shows the types of energy sources that can be used to obtain heat energy and the value
of annual CO2 emissions. It can be noted that individual use of natural gas in each household
would result in the lowest possible emissions of CO.. However, considering that there is no
natural gas distribution pipeline network in the city of Skopje delivering natural gas to every
household, central heating remains the best option for obtaining thermal energy. It is interesting
to mention that the use of electricity enables the largest emission of CO». Although the emission
of COz is not directly hazardous for human health, it is significant because of its contribution
to the greenhouse effect creation. Additionally, the emission of other harmful substances

should also be analyzed, however, that was not part of our analysis.

Amount of tCO, emissions for annual production of 125.526 MWh heat
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Figure 4: COz emissions from different fuel sources for annual production of 125.526 MWh of heat

Source: BEG, [8] [9]

Comparison between fuel oil and natural gas

A comparison of these two energy sources, fuel oil and natural gas, in relation to emissions of
pollutants such as CO2, NOx and SO, when burning 1 kg of fuel for heat generation are
presented in Figure 6, where the values of the CO2 emission of fuel oil and natural gas per kWh

heat energy are 0.278 kg/kWh, and 0.202 kg/kWh, respectively [11], [12].

Comparison between natural gas and fuel oil emissions
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Figure 6: Comparison between natural gas and fuel oil emissions per kWh generated [11]



As shown in Figure 6, the emission of NOx burning fuel oil is also higher compared to natural
gas. Although there are no huge differences in emissions, even this small difference could
be significant when it comes to environmental protection. Unlike the emission of CO, and
NOx, when it comes to the emission values for SO, there is a significantly large difference
between these two fuels, that is the main reason and a decisive factor to switch primary fuel
from fuel oil to natural gas. The amount of primary fuel per year before and after
transformation from fuel oil to natural gas is shown in Figure 7.

Annual consumption of fuel oil and natural gas
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Figure 7: Annual consumption of fuel oil and natural gas from 2010 to 2019 [11]

Distribution of heat energy — Environmental impact

During the distribution of heat energy through pipelines, water, which is the carrier of the heat,
is in contact with the pipelines which are buried in the ground. It is obvious that at the slightest
damage to the pipeline, there is a possibility of direct contact of the water that carries heat with
the soil, as well as potential underground and/or surface water.

According to BEG company, due to water losses in the DN, water is constantly replenished. In
the last 4 years, i.e. after 2015, in order not to use drinking water, the DN was fed from a well
within the HP “East”. According to the obtained data of BEG on the addition of water to the
HP “West” DN, the amount of added water in the distribution system for different years (2010-
2019) was given in Figure 5.
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Figure 5: Loss of water during distribution of heat in the heating DN
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The hot water that carries heat has a pressure higher than atmospheric at temperature of about
90°C at the exit from the plant and 70°C at the return to the plant. This, the water may contain
some mechanical and chemical impurities and agents that can negatively affect the
environment. Suggested measures to eliminate or reduce these pollutants could be:

» Installation of filters in the DN,
> Use of flow meters along the length of the DN to detect sinkholes, and
> Remedy of possible breakdowns in the DN

Possible impacts of waste on the environment

According to the data provided in the regulation [9], waste can be temporarily stored at the
location itself until the arrival of an authorized person who will take it over. Storage takes place
in accordance with all legal requirements. The conditions of waste storage depend on the type
of waste itself and could be clasified as:

» Waste that must not be washed into the soil, such as:
e scrap iron,
e sludge from washing boilers, and
e Stack filter deposits.
» Waste that is not allowed to be washed into the soil and with the possibility of external
ciculations, such as:
motor oil,
filters, towels, etc.,
packaging waste, and
packaging wast from any raw materials.

Disposing of waste in an inappropriate place can cause negative impacts on the environment
such as soil, ground water and wastewater pollutions. If there is a large amount of waste oil in
this waste, it can penetrate into the soil and cause the extinction of the live in the soil. The
waste must be taken to appropriate landfills after being collected by the competent companies.
Waste that can be recycled is separated and selected at landfills.

Potential Achievements of the Sustainable Development Goals (SDG)

Due to their nature, both power plants under this analysis have an impact on the fulfillment of
all SDGs [10]. However, the focus of the research was their impact on the HP “West” especially
for the following SDG goals:

SDG 6 — Clean water and Sanitation,

SDG 7 — Affordable and Clean Energy,

SDG 8 — Decent Work and Economy Growth,

SDG 9 - Industry, Innovation and Infrastructure,
SDG 11 — Sustainable Cities and Communities, and
SDG 13 — Climate Action.

VVVVVYVYY

E The impact on SDG 6 is negative because the quality of the water used is changing. Most
of the wastewater is generated when washing boilers, but this only happens when heating oil
is used as fuel. Wastewater is properly treated before being discharged into the sewer system.
Pollution of surface and underground water is possible. For complete water purification,
mechanical, biological and chemical water purification is recommended. In this way, the water
can be completely purified, which would have a good quality. Adequate protection should also
be provided in the event of improper operation or failure that would lead to pollution of surface
or underground water. By applying these measures, the influence of HP “West” would change

from negative to positive or neutral.



The impact on SDG 7 is positive for both power plants from an energy, social and
environmental perspective. Using natural gas as a fuel means using an energy source that has
a less negative impact on the environment compared to other conventional energy sources. The
population has at its disposal heating energy that is produced in such a way that it has a positive
and avoiding any negative impact on the environment.

fl/i The impact on SDG 8 is considered mostly from a social aspect, thus a huge positive
impact can be noticed, especially on the population living in the city of Skopje. A significant
percentage of the population is employed in the heating industry, which has a positive effect
on the level of employment in the city of Skopje.

The operation of the plant positively affects SDG 9, especially considering increasing the
value of the Target 9.2: Global manufacturing value added (MVA) per capita [10].

The existence and functioning of the plant has a huge effect on the sustainability of the
city, and thus has a positive impact on SDG 11. The existence of the plant is of particular
importance for the city of Skopje, due its impact on the generation of heating energy.

The use of natural gas enables reduction of pollution that would occur if another energy
source were used to obtain the necessary heat energy, such as coal or fuel oil that was used
previously. A positive effect according to SDG 13 was done only because changing of primary
fuel from fuel oil to natural gas was possible and enabled.

Conclusions

Central heating is used in many cities in developed countries, and often in developing countries
as well. Natural gas, as a fuel in central heating systems is a frequently used fuel due to a
number of advantages it has compared to other used fuels. On the other hand, the fuel oil which
was once used in one of the analyzed heating plants and is still used often as an reserved fuel,
has numerous environmental disadvantages. According to the results obtained from the made
analyzes, it can be concluded that, overall, the impact of this heating plant on the environment
is positive for both plants mostly due to recent replacement of primary fuel for the HP “West”
from fuel oil to natural gas.

The energy significance of the heating power plants HP ”West” and TE-TO Skopje for the city
of Skopje is great considering that they produce a significant amount of heating energy that the
city needs. If these facilities, or the entire DN for the city's central heating, did not exist, every
household would be forced to use its own heating system, which in any case would have
additional negative impact on the environment compared to this method of heating.

According to the analysis made from the perspective of three main pillars of sustainable
development, social, economic and ecological, it was concluded that in most cases heating
plants have positive impacts and effects. The operation of these facilities contributes to the
better achievement of SDGs, in particularly SDG 6™, 7", 8" 9" 11" and 13"

It is obvious that the operation of heating plants results with the emission of CO2, which
negatively affects the ozone layer of the Earth. Therefore, from the analyzes carried out in
relation to CO, emissions, it was concluded that compared to other types of fuel that would be
used to obtain heating energy, the use of natural gas and fuel oil as a secondary or reserve fuel
means reduced CO; emissions, and additionally a reduced contribution to global warming.

It is evident from the analysis that negative impacts occur only when the heat carrier — in this
case hot water — is intentionally or unintentionally discharged out of the pipelines of the DN.
A proposal to reduce this negative effect is the installation of filters for purifying the heat
carrier, which will reduce/eliminate mechanical contamination of the soil and potentially
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groundwater. It is also proposed to install multiple flow meters along the length of the pipeline,
to identify any water leakage along the DN and repair it quickly and promptly. This investment
would be small, however, with great importance for the environment, as well as for the
company itself, because the annual costs of maintaining and replenishing the water system
would be considerably reduced.

Based on the analysis of the type of waste generated by these plants and the methods of storage,
separation, and transportation to the appropriate landfill, in order to reduce or avoid the
negative impact on the environment of the generated waste, it is suggested to minimize the
generated waste, i.e., reduce it to the smallest possible extent, act appropriately and store in
appropriate conditions.

According to the fact that in the past fuel oil was used for production of heat energy, and since
2013 natural gas burners have been installed, a comparison was made between these two types
of energy sources. From the discussion it can be concluded that the advantage of using natural
gas is huge. Pollution caused by the burning fuel oil which exceeds the permitted limits, has
been reduced using natural gas. From the available data, it is evident that the emission of
harmful substances into the atmosphere using natural gas instead of fuel oil is within the
permissible limits. Although it is within the permissible limits, the emission of NOx that still
exists when using natural gas should not be ignored. In order to minimize NOx emissions, the
proposed measure is the installation of ultra-low NOx burners, which are available on the
market and are used in many plants. This would make the plant a minimal polluter of the
environment in respect to the NOx emissions.

Finally, by reviewing the available data related to the considered heating plants and the
analyzes made, it was concluded that in most cases the effect that the conventional and the
cogeneration heating plants on the environment is positive and they contribute towards
bringing our country closer to the developed countries. Although there are still some negative
effects, taking appropriate measures can be reduced or eliminated and thus be good example
of how other similar plants should function.

List of abbreviations

BEG — Balkan Energy Group

DN - Distribution network

MOEPP — Ministry of Environment and Physical Planning
SP — Sustainable Development

SDGs — Sustainable Development Goals

HP — Heating plant

EIA — Environmental Impact Assessment
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Abstract

Traditional solar panels commonly used in today’s solar power projects are monofacial i.e., with solar cells only
on one side of the panels. Recently, many solar panel producers have improved their panel designs by introducing
so-called bifacial solar panels which feature solar cells on both sides of the solar panel. Producers claim that the
bifacial solar panels, regarding energy generation, typically overperforms the traditional monofacial solar panels
by about 5.5%, with additional investment cost between 10% and 25%, which strongly depends on the producer
and the size of the project.

In this paper, the authors made a simulation and comparative analysis between bifacial and monofacial solar
panels using PV*SOL simulation software. The simulation was done on a solar power project with an installed
capacity of 1 MW using exact solar insolation values for the exact geographical location. Typical bifacial and
monofacial half-cell solar panels available at the local market were used for the analysis. For enhancing the
analysis, two common placements of the panels were utilized, ground placement, and rooftop placement parallel
with the roof at the same inclination (pitch) and orientation (azimuth). Obtained results using PV*SOL simulation
software for both panels and both placements are presented with accompanying discussion. For ground
placement, bifacial solar panels resulted in increased energy generation of approximately 2.5%, while for rooftop
placements the amount of the increased energy generation was negligible. Ground-placed bifacial solar panels
have increased energy generation all year around, while rooftop bifacial solar panels provide larger energy
generation only during summer months, from June to August. For the rest of the year the energy generation
difference, although in favor of bifacial over monofacial solar panels, was still negligible.

Key wordS

Photovoltaics, monofacial solar panels, bifacial solar panels, PV*SOL, renewables

Full paper is published in Balkan Journal of Applied Mathematics and Informatics
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Abstract

This study evaluates the techno-economic feasibility of retrofitting a 210 MW thermal heavy-oil power plant, TEC
Negotino, with a photovoltaic solar thermal energy storage system using molten salt. The analysis includes a
sensitivity analysis of key parameters such as discharging duration, thermal storage and electric salt heater
capacity, and charging duration to assess their impact on the annual energy yield, load factor, total investment
cost (CapEx), and operational expenditure (OpEXx). The results demonstrate that retrofitting the power plant with
the proposed system can significantly improve its sustainability and economic viability. The sensitivity analysis
highlights the importance of carefully considering these key parameters in the techno-economic evaluation of
renewable energy (solar photovoltaic) technology and thermal energy storage systems (using molten salt) for
retrofitting existing power plants. Moreover, the study's findings can provide valuable insights for decision-making
in the planning and implementation of greenfield projects, underscoring the potential benefits of incorporating
renewable energy technologies into the design and construction of new power plants. The assessment of both
CAPEX and OPEX ensures a comprehensive understanding of the financial implications of the retrofitting process,
aiding in the successful integration of renewable energy solutions into existing power infrastructure.

Key words

TEC Negotino, molten salt, solar thermal energy storage, integration, techno-economic evaluation, sensitivity
analysis
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Abstract

The paper deals with the types of hydrogen production, methods for its storage and transport and possibilities of
end use of hydrogen. The basics of hydrogen economy are briefly describing and then the SWOT analysis of
hydrogen economy is performed. The strengths, weaknesses, opportunities, and threats of hydrogen economy are
summarized in the SWOT analysis. Based on that analysis, the biggest problems, and threats with possibil-ities of
solving those problems are summarized. SWOT analysis considers aspect of hy-drogen economy e.g. from energy
demands, financial difficulty, safety, and awareness about hydrogen. Conclusions involve suggestion how to avoid
above-mentioned aware-ness, and how could rise hydrogen utilization.
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street lighting, public lighting, charger, charging station, power quality, electric vehicle, lamp, luminaire
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Abstract

The photovoltaic power plants (PVPP) have various applications. PVPPs are used for household applications,
electricity production in off-grid systems, electric consumption reduction from the power grid, generation of
electricity to the grid, etc. Solar energy is a primary energy source which can be converted into electricity. This
type of energy source is highly dependent on the weather conditions, or in other words, they are intermittent.
PVPP without supporting devices could not produce electricity directly for the energy market, since they would
have too large deviations between the traded and produced electricity, what would lead to high financial penalties.
Batteries are one of the possible solutions to overcome the intermittent electricity production from PVPP, by
controlling the energy output. Collaboration of PVPP and battery storage systems would potentially enable a
direct energy production of the PVPP on the market, and new operating options.

Key words

battery storage system, photovoltaic power plant, electricity market, pay back
Introduction

Slovak decree 309/2018 amending Act 309/2009 Coll. no longer provides support for PVPP
with a surcharge. It is not possible to apply for supplemental support for PVPP power plants
from January 1, 2019. The surcharge support is the only support mechanism for subsidizing
the price of electricity produced from PVPPs from this date. The size of the surcharge is
determined by the Ministry of Economy of the Slovak Republic (MESR) based on the
evaluation of the public auction of the PVPP production price offers. There was only one
auction announced on February 3, 2020. This auction was cancelled on March 31, 2020 [9].
This means that there is currently no mechanism to subsidize the price of the electricity
produced from PVPP. Support by assuming responsibility for deviations and support by
purchase applies only for PVPPs with an installed capacity of up to 250 kW [12].

Newly built PVPPs (mainly with an output of more than 250 kW) have to deal with the new
rules and have to ensure the trading of the produced electricity on the energy market or produce
within the trader's balance group. This energy market can be divided into 3 categories:

1) Market with long-term products (trade of electricity for a period of one month, several
months or years).

2) Market with short-term products (trade of electricity for a time interval of hours to a week).
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- Block market (trade in blocks lasting several hours - base, peak and off-peak loads).
- Daily or spot market (trade organized day ahead in hourly intervals).
- Intraday electricity market (trade organized one hour before production/consumption).

3) Market of the regulation electricity (trade of electricity for the purpose of equalizing
deviations in the network) [4].

The price of electricity produced by newly built PVPPs will depend on the price of electricity
on the market and their business strategy. The study from 2004 [1] already pointed out that the
group of energy equipment (virtual power plant) with a preponderance of distributed power
plants (e. g. PVPPs) is more suitable for selling electricity on the daily market. The installation
of an energy storage system is useful.

The advantage of battery storage systems (BESS) is their high flexibility. They are able to
respond to high dynamics of PVPP production in a short time [6] and [7]. According to IEC
62933-2-1, BESSs are classified as follows [13]:

Class A - Devices used for quick regulation. Devices are discharged and charged intermittently
and cyclically (hourly or even shorter). The most important parameter of devices is their
electrical power.

Class B - Devices for regular and long-lasting regulation and/or accumulation function.
Important parameters of these devices are power and capacity. Charging and discharging take
place in longer time intervals (lasting from hours to days).

Class C - Emergency services equipment. The most important parameter of these devices is the
time of secured power supply during the limited operation of the primary source. The devices
are kept constantly charged, and their capacity is used only in case of failure.

Characteristics of PVPP and BESS Power production for electricity market

The primary energy source of PVPP cannot be stored, unlike thermal and water power plants.
Due to the high intermittency of the primary energy source, it is difficult to operate a PVPP as
a commercial power plant. On the other hand, financial independence from mineral raw
materials and low ecological impact are some of the main advantages of this resource. BESSs
are characterized by high flexibility and quick response to changes in the consumed and
supplied power. The disadvantage of these accumulation systems is their high investment price.
However, the combination of PVPP and BESS will reduce some main disadvantages of these
devices.

PVPP

When trading electricity on daily market, it is necessary to contract the quantity of traded
electricity before the physical supply. The electricity has to be contracted a day before supply
at the daily market and 30 min before at the intraday market. The available PV generation
prediction models are not able to accurately predict the PV electricity generation. Similarly,
with a system of trading in hourly intervals and accounting of deviations in 15-minute intervals,
it is not possible to ensure a deviation-free operation for PVPP (PVPP cannot supply constant
power during one hour). The power plant is penalized for each deviation, i.e. its revenues are
reduced, and the payback of the power plant is prolonged.
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Fig. 1. Real and predicted (traded) energy Fig. 2. Generated energy deviations at 15 min
production of PVPP accounting intervals

Source: Measured data at Institute of Materials and Machine Mechanics of the Slovak Academy of Sciences.

In the next we will use production data of the PVPP installed at the Institute of Materials and
Machine Mechanics of the Slovak Academy of Sciences (IMMM SAS). The difference
between the predicted amount of delivered power for trading hours (ppredik) and the real course
of PVPP generation (pev) in proportional units converted to installed power is seen in the
Error! Reference source not found.. Predicted amounts of electricity were provided by
Solargis Ltd. The real production of experimental PVPP was 4.53 kWh per installed kWp (the
prediction was 4.98 kWh) on the analysed day. The sizes of deviations in individual 15-minute
trading intervals are shown in Fig. 2, where n is the departure interval number. Oshows the
result of accounting for the delivered electricity for a given day on the daily market. In this
case, the power plant's income is reduced by 12.1% due to deviation payments.

Table 1 The dayly result of settlementa

Sign Value Total price Label
Eprod | 4,97 KWh/KWp | 0,4873 €/kWp Price of production

Eneg | 0,741 KWh/kWp | 0,0587 €/kWp | Payment for negative deviations
Epoz | 0,298 kWh/kWp | 0,0002€/kWp | Payment for positive deviations
Esum | 4,97 kWh/kWp | 0,4284 €/kWp Income

The source of electricity prices on the daily market and the prices of the deviation fee is OKTE, a.s. (Organizer
of the short-term electricity market), https://www.okte.sk/sk/kratkodoby-trh/zverejnenie-udajov-dt/celkove-
vysledky-dt/ and https://www.okte.sk/sk/zuctovanie-odchylok/zverejnenie-udajov/odchylka-sustavy/

On the considered day, the converted income per kWh of electricity produced would be
0.0862 €/kWh. If the power plant would produce electricity with the income mentioned above
throughout the year with an annual production of approximately 1150 kwh/kWp [2], it would
have an income of 99.13 €/kWp. The investment price for a PVPP is around 860 €/kWp [3],
but it also depends on the size of the installation. In the above-mentioned case, the power plant
would pay back the investments in 8.64 years (operating costs are not considered). However,
such operation is too risky and is completely dependent not only on the electricity prices but
also on the accuracy of the prediction of PVPP production. A trading strategy for such an
operation could be to trade a slightly lower amount of electricity compared to the prediction,
because the price of positive deviations is significantly lower than the price of negative ones.

BESS

The high flexibility of supplied and withdrawn power allows the BESS to charge in times of
low electricity prices and discharge in times of high electricity prices. The price of electricity
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is unknown at the time of preparation of the trade (i.e. at the time of contracting the quantities).
This means that if the BESS operator has to estimate the price during trading day D at time D-
1 [11], if he chooses an arbitrage trading (i.e. buying electricity at a time of low price and
selling at a time of high price). In this study, the price is estimated as the average price of the
last 100 business days. The BESS model was created on the basis of experimental
measurements of the laboratory battery system of the IMMM SAS with a power of 20.4 kW
and a total capacity of 49.7 kWh. The installed capacity of the PV plant is 15.52 kWp [8]. It is
possible to determine the operation with the greatest income using a non-linear programming
optimization algorithm. The model was created based on the input datasheet parameters and
the measured parameters of the IMMM SAS devices. The optimization task was solved by
GAMS software and manual correction. The diagram in Fig. 3 shows the course of the price ¢
[€/MWh] on the daily market and the amount of electricity supplied to the system (negative
values) and withdrawn (positive values) from and to the BESS in relation to the total storage
capacity.

160 0,5

150 0,4

140 0,3

130 02 —
— =
£ 120 01 =
2 =
= 110 0 =
o =
= 100 01 =

90 02

80 0,3

70 0,4

60 0,5

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00
t [hh:mm]
L [kWh/kWh] ——c [€/MWh]

Fig. 3. Simulated supply and withdrawal of BESS and electricty prices on the market
Source: Measured data at Institute of Materials and Machine Mechanics of the Slovak Academy of Sciences

The model estimated the resulting daily billing income at 0.0782 € per kWh of installed
capacity (after correction due to the change in the state of charge before and after operation).
However, the prices on the market were more favourable, and with such operation, the
accumulators would reach revenues of 0.0914 € per kWh of installed capacity. Accumulators
would do 2 complete cycles, which means that the income for one cycle would be 0.0391
€/kWh. If the price of electricity was know at the time of closing the deal on the market, it
would be possible to the income by 14.2%.

The price of BESS currently varies in a wide range. It depends primarily on the technology,
but also on the total installed capacity. Published prices [10] are at the level of 350-730 €/kWh.
The price of the system installed at IMMM SAS was approximately €1,000/kWh of the
installed capacity of the lithium-ion storage system (LiFePO4). In the model we considered a
price of €900/kWh. The simplified estimated number of cycles during which the investment
will be returned can be determined as follows:

_I+0
"y (1)

where n is the number of cycles of the accumulator, | is the investments of the BESS installation
in €/kWh, O represents the costs associated with the operation for the given period/number of
cycles and z represents the income of the BESS for one cycle in €/kWh.
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If the accumulator system would operate according to the above shown diagram (Fig. 3) at the
same prices, it would pay back the investment input according to eq. (1) after 23 017 cycles
(without considering operating costs). This value is significantly above the maximum lifetime
of this technology in the number of cycles, but also in years of operation (23 017 cycles are
approximately 31.5 years). The most common systems are declared for 6 000 cycles or
occasionally for 10 000 cycles. At the given prices, such an operation is unfavourable for
BESS, and the income is significantly affected by the electricity prices on the market. The
study Error! Reference source not found. compares individual European electricity markets
in terms of suitability for the BESS arbitrage. The results of this study showed, that for the
German market (mainly influencing the Slovak market), the arbitrage strategy is suitable only
for 15% of the year.

Joint production of PVPP and BESS

The laboratory PVPP with BESS at IMMM SAS enables experimental operation for the
simulation of various conditions. The results of simulation models and measurements on these
devices are processed to verify the profitability of PVPP operation in cooperation with BESS.

Compensation of PVPP production with BESS

It was found at IMMM SAS that to equalize the production of the PVPP to the predicted
(traded) power, the battery capacity is required, which is comparable to the energy that the
PVPP is able to supply for 0.4 to 0.8 hours at the installed power. The size of the required
capacity depends primarily on the accuracy of the prediction of the PVPP's production. Since
machine learning (artificial intelligence) is based on historical data, the prediction becomes
more and more accurate. Therefore, we would use the capacity coefficient kcap = 0.7 hours for
the simulation model. This means that, for example, an accumulator with a capacity of 0.7 kWh
would be sufficient for a PVPP with an installed capacity of 1 kWp. The price of such a system
for 1 kWp of installed PV power would then be:

Nsys = Nggss' Kk cap + Npvpp (2)

where Nsys is the total price of the system per kWp of installed PV, Ngess is the price of 1 kWh
of BESS and Npvep is the price of 1 kWp of PV. Such a system will have an input cost of
1487 €/kWp.

The course of PV power delivery to the grid (pdod [KW/kWp]) and the course of PV production
(prve [KW/KkWp]) are shown in Fig. 4. The graph also shows the state of charge (SOC [%])
during the simulation. At a given operation, the BESS would perform 0.7 cycles. It is apparent,
that the BESS capacity would by significantly used in the early evening hours due to the
inaccurate prediction of the PVPP production. The inaccuracy in the total daily production
caused the BESS to be completely discharged after the daily cycle. With such an operation, an
income of 0.5026 €/kWp could be achieved. Since at the end of the cycle, the accumulators
were discharged more than at the beginning, it is necessary to correct for this income by the
cost of recharging the accumulators. After this correction, the income would be 0.4113 €/kWp.
The recharge price was determined from the average price during the given day. With such an
income, the simplified investment would return is 14.4 years, where the BESS would perform
3670 cycles, which is within the lifetime of the accumulators.
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Active trading of joint PVPP and BESS

For simulations of active electricity trading the entire capacity of BESS of IMMS SAS was
used. This BESS is able to accumulate 3.2 hours of operation of the PVPP at the installed
capacity (kcap = 3.3 hours). The investment costs of such a system is up to 3,740€/kWp of the
installed PV plant. With these BESS is possible not only power compensation, but also selling
electricity on the market when it is expensive and recharging the BESS when it is convenient.
In this case, the optimization task was solved using GAMS software and manual correction.
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Fig. 5. Production and consumption of linked PVPP and BESS - active trading simulationSource:
Measured data at Institute of Materials and Machine Mechanics of the Slovak Academy of Sciences

The power production and consumption curve (pdod [KW/kWp]) of supply and consumption
can be seen in Fig. 5. At the given prices, it is possible to achieve an income of 0.7153€/kWh
and during the day BESS would complete 2.25 cycles. The simple return on investment would
be 20.8 years at 17079 cycles. The currently available batteries (with technology like BESS
installed at IMMM SAS), are not yet capable of such high number of cycles during their
lifetime.

However the high investment costs of the PV plant and BESS in the case of the IMMM SAS
is utilised in Microgrid thermal system which use produced electricity to store heat in a rock
exchanger as well as expanded thermal reservoirs using a heat pump. The photovoltaic
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electricity is consumed by TESS thermal battery, when the heat is transformed and stored in
the TESS based on PCM. Although overall investment costs have increased, the usage of PV
has grown to 6.3 hours on average per year but rising a ratio of PV electricity utilisation for
heating and cooling processes.

Conclusions

Today, renewable energy sources such as PVPPs are still very demanding for investments and
are difficult to integrate into the electricity market among entities whose portfolio mainly
includes power plants using fossil and other fuels or water energy as a primary source of
energy. The financial complexity of BESS fundamentally hinders their construction, even if
they could eliminate the intermittency of PVPPs.

The study pointed out that BESSs alone are not suitable for market trading. However, the
connection of BESS to PVPP has a positive effect on the return of the system. A very important
input in the payback analysis is the capacity of the BESS itself in relation to the installed power
of PVPP. Of the analyzed scenarios, the most advantageous would be the one where the battery
capacity was 70% of the hourly PVPP production at the installed capacity. In other scenarios,
the investment would not be returned during the lifetime of the BESS. It is important to mention
that at given market prices, standalone PVPP without BESS had a shorter payback than with
BESS, even though PVPP revenues were reduced by penalties due to the generation of
deviations.

This study focused on scenarios with three different capacities of BESS compared to PPVP
installed power. There was analyzed only one operation day with one daily pack of market
electricity prices. For further deeper analyses, it is necessary to statistically evaluate many
operating conditions at different electricity prices and different installed BESS capacity.
Extension by TESS contributes positively on PVPP utilisation although bring complexity of
such systems but positive impact to minimise risks of penalties due to the generation of
deviations.

It is important to note that nowadays the minimum tradable quantity on the daily and intraday
electricity market is 0.1 MWh. Therefore, the opportunity to trading on the market is narrowed
down to a small number of power plants with an output of the order of 1 MW and above. At
the current time new smaller power plants could not trade electricity on the market because
their deviations would depend not only on the prediction but also on the difference between
the estimated output and the multiples of the minimum amount of tradable electricity. They
have to supply electricity to the balance group of purchaser.

On the other hand, from the end of November 2022 the shortest time block for intraday market
trading is a 15-minute block. It is possible to close deals up to 30 minutes before the actual
delivery. This means that with a successful trade, it is possible to reduce PVPP deviations even
during the day of supply.

The flexibility of electricity supply and consumption, or control the power factor by BESS, can
also be used for other services in the electricity system. To find the application of BESS in the
electricity system, it is necessary to carry out a comprehensive analysis of the possibilities and
its contribution, not only from the technical aspect, but also from the financial aspect. Such
options are, for example, availability when starting from the blackout, primary, secondary, or
tertiary power regulation, local voltage regulation by supply and withdrawal of reactive power
and others. Through a complex analysis, it would be possible to find the most advantageous
distribution of the use of the total BESS capacity for individual services.
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Abstract

This paper deals with the energy mix of the Slovak Republic with a focus on renewable energy sources and
their development in recent years. The share of renewable energy sources in electricity production in Slovakia
rose from 310 GWh in 2011 to 2 380 GWh in 2021. This number does not include hydro energy, which has had
a very good position in Slovakia for many years and its installed capacity is almost unchanged, in 2021 it was
2 546 MW, and electricity production was at about 4 600 GWh. The energy sector in Slovakia, as well as in
other European countries, must reflect worldwide changes and challenges. It needs to consider problems in
many fields, such as technical, economic, ecological, legislative, social, and political.

The current situation in the Slovak energy system is described with a focus on energy dependence and the
usage of renewables. Some energy statistics are shown in this paper. Finally, possible scenarios and plans for
the reduction of energy dependence are discussed.

Key words

energy, renewable energy sources, energy consumption and production, energy dependency
Introduction

European Union (EU) is one of the major players in global energy consumption. Despite its
leading position, the EU has a very small influence on energy price markets. Moreover, the EU
and Slovakia as one of the EU’s member states, must be independent of one monopoly supplier,
as well as boosts the production from renewable energy sources (RES). Many of the EU’s
countries are already successfully implementing this strategy. This is not only about minimizing
our dependence on fossil fuels (and with its connected monopoly supplier), but also about the
necessary increase in renewable energy production. The current energy mix in Slovakia could be
considered as a good, which consists mostly of nuclear power plants and hydropower plants.
Nowadays, political authorities are searching for new, stable, and environmentally friendly
energy sources that could be able to cover all energy demands and moreover assign energy safety
and sustainable development of the energy industry.

Slovakia has untapped potential for renewables. However, its utilization must go hand in hand
with legislation and regulation. It is important to diversify the sources and to come up with
systematic solutions that consist of sensible steps and considering the opinions of experts.
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1. Energy in Slovakia

Slovakia is located in east Europe, between latitudes 47° and 50° N, and longitudes 16° and
23° E. It has an area of 49 035 km? and 5 428 792 inhabitants (data from 31 December 2022),
[2]. The Slovak climate lies between the temperate and continental climate zones with
relatively warm summers and cold, cloudy, and humid winters. The Slovak landscape is
primarily mountainous nature, extending across most of the northern half of the country. The
average temperature is 8.7 °C, the warmest average maximum temperature is 26 °C in July and
the coolest average minimum temperature is -7 °C in January. Slovakia receives on average
605 mm of precipitation annually or 50 mm each month [1].

Slovakia is highly dependent on energy commodities import. The energy dependence of the
Slovak Republic (56%, without nuclear energy) is only 2% lower than EU average - in 2020, the
EU imported 57.5% of the energy it consumed. When nuclear energy is included, Slovakia with
81% is the fifth most dependent EU country after Malta (98%), Cyprus (92%), Luxembourg
(91%) and Greece (81%) [3].

The energy mix represents an overview of individual energy sources in the total electricity
production. Slovak energy sector structure is diversified in terms of fossil and nuclear fuels and
renewable energy sources (RES) including water. Considering t electricity production, Slovakia
was an exporter till the end of 2006 when unit 1 of the nuclear power plant Jaslovske Bohunice
was shut down. The second unit was shut down in 2008. The reason for shutting down was the
condition of Slovakia's accession to the European Union. Nowadays, Slovakia is an electricity
importer, electricity balance is low, in 2011 it was 2.5%, and in 2021 it was very similar [5]. In
2021, the total installed capacity in Slovakia reached 7 779 MW, with total electricity
consumption at 30 867 GWh and total electricity production at 30 093 GWh [5], see table 1. The
share of RES at electricity production is increasing, but excluding large hydroelectric plants, the
share of RES is at about 8%. In the last decade the highest new installed capacity was from the
photovoltaic power plants, the share of wind energy is very low.

Table 1 Share of energy sources covering electricity production in GWh in Slovakia, in
2006, 2011, and 2021

Nuclear Hydro

Power Power
Plants | Fossils | Plants RES | Others | Production | Consumption
2021 15730 7274 4604| 2380 105 30093 30 867
2011 15441| 5726 4 006 2992 28 165 28 862
2006 18013| 50935 4 447 2832 31227 29 624

Source: Ro¢enka SED 2021. National Control Centre of Slovakia. Online. Available at:
https://www.sepsas.sk/media/6115/rocenka-sed-2021.pdf

2. Power Plants in Slovakia

The energy mix of the Slovak Republic is diversified in terms of fossil and nuclear fuels and
renewable energy sources and hydro energy, see fig. 1.
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= Nuclear Power Plants = Fossils Hydro Power Plants RES = Others

Fig. 1 Installed Capacity of Slovak Power Plants in MW, 2021
Source: Ro¢enka SED 2021. National Control Centre of Slovakia. Online. Available at:
https://www.sepsas.sk/media/6115/rocenka-sed-2021.pdf

There are two thermal power plants in Slovakia, in Vojany and in Novéky. Despite coal, both
plants also use biomass, in Vojany since 2009 and in Novaky since 2011. One black coal fired
110 MW unit can avoid about 21 000 tons of CO> emissions annually when co-firing biomass.
Because they provide reliable electricity generation both for the baseload as well as for peak
load demand, they play a very important role in the power grid. Resent years, the main role of
fossil fuels has played natural gas. The history of coal mining is long, brown coal mining
started in Slovakia in 1913, but at the end of the 20" century, coal and lignite mining began to
decrease. After February 2022, several countries resumed their coal production due to gas
supply complications, but it is no longer possible in Slovakia because the process of
transformation of the region and termination of mining has begun. In addition, the state will no
longer support it.

Two nuclear power plants, one in Jaslovské Bohunice with 2 units of pressurised water
reactors, type WWER 440, and one in Mochovce also with 2 units same type, are currently in
operation. Two new units, located in Mochovce, being planned, Unit 3 is now in a start-up
phase and Unit 4 is still under construction. The electric power of each new unit will be 471
MW, and will cover 13% of the electricity demand in Slovakia [4].

The installed capacity of hydropower plants in Slovakia was 2 546 MW in 2021, including
pumped storage power plants (there are four of them - Cierny Vah 734,4 MW, Liptovska Mara
98 MW, Dobsina 24 MW and Ruzin 60 MW). There are currently 234 hydropower plants in
operation, but only 24 are large hydropower plants. The share of hydropower plants in annual
production is on average 15%. Due to their flexibility and rapid changes in output, they can
cover power requirements at the top of the daily load diagram, and they are therefore also
suitable for covering emergency conditions in the grid [6].

In 2021, a share of energy from renewables was 17.4% (houses heated by wood are also
included, what cannot be considered as inappropriate), considering only electricity from
renewables without water, it was only 8%. Compared to recent years, the improvement is only
marginal. The installed capacity of RES (without water) was 884 MW in 2021, while in 2016
it was 876 MW. When we consider also hydropower, in 2021 RES achieved a share of 22.9%
in electricity production (6 984 GWh, water 2 380 GWh, and other RES 4 604 GWh), while in
2020 it was 7 205 GWh, and in 2016 it was 7274 GWh, what represents 26.5% (overall
production was 27 452 GWh).
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The main share has solar energy, followed by biomass, see table 2. In addition to energy from
water and sun, biogas or wood, geothermal energy can also be a suitable option to increase the
share of renewables in the overall energy mix. There are several areas, e.g., around Galanta,
vel’ky Meder, Ziar nad Hronom, Presov or Kogice, which have the potential not only for heat
production but also for electricity.

Table 2 Share on the installed capacity of RES in MW in Slovakia in 2021

Solar |Biomass| Biofuel | Wind | Others Total
532 234 104 3 11 884 MW

Source: Roc¢enka SED 2021. National Control Centre of Slovakia. Online. Available at:
https://www.sepsas.sk/media/6115/rocenka-sed-2021.pdf

Upon bigger installed power in RES, their impact is manifested in the overall ES management,
especially from the view of assurance of the necessary volume of particular kinds of supportive
services. The establishment of the necessary volume of particular kinds of supportive services
is solved based on the methodology of transmission system operator in the Slovak Republic
(SEPS, a.s.). Renewables increase the necessary volume for supportive services in secondary
power regulation and tertiary power regulation.

Conclusion

Renewable energy sources alone are not able to cover all our demands. Obviously, they are
environmentally friendly, and they help to decrease fossils consumption. In a short time, it is not
realistic and not economically reasonable to replace all conventional (nuclear and thermal) power
plants with RES due to their unpredictable behaviour and high investment costs. However, recent
months have shown us we should look at our natural resources and because of the lack of other
sources, the improvement of RES is welcome.

The instability of supplies, security of supplies, environmental concerns as well as economic
constraints the energy issues must be solved. It is important to mention that for RES support are
many EU grants that provide research, development, and innovation in the field of renewable
energy sources.
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Abstract

The paper deals with the types of hydrogen production, methods for its storage and transport, and possibilities of
end use of hydrogen. The basics of the hydrogen economy are briefly described and then the SWOT analysis of
the hydrogen economy is performed. The strengths, weaknesses, opportunities, and threats of the hydrogen
economy are summarized in the SWOT analysis. Based on that analysis, the biggest problems, and threats with
possibilities of solving those problems are summarized. SWOT analysis considers aspects of the hydrogen
economy e.g. energy demands, financial difficulty, safety, and awareness about hydrogen. Conclusions involve
suggestions on how to avoid the above-mentioned awareness, and how could increase hydrogen utilization.
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Abstract

The aim of the expertise in this case study was to find out the cause of the malfunctioning of the lamps in the
production hall. The light source was a halogen discharge lamp with a nominal power of 400 W. In accordance
with the requirements of the investor, the lighting intensity regulation was installed in the premises of the
production hall according to the daily light conditions. In conclusion, we explain the physical and chemical
mechanism of the cause of failures of a halogen lamp with a nominal power of 400 W. Due to uncontrollable non-
equilibrium states and changes in activation energy, the regulation of the discharge of halogen lamps with a
nominal power of 400 W is inappropriate.
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Introduction

The eighty-eight lamps were installed in the production hall. Over the course of 15 months,
changes were noted on all fixtures. 46 lamps were completely non-functional and had to be
completely replaced with new ones, light sources were replaced in 28 lamps, a choke or lighter
had to be replaced in other lamps, and 2 lamps in the production hall remained non-functional
even after repairs, because the lamps were not accessible. The objective of the expertise was to
find out the cause of the failure of light sources and lamps in the production hall.

1. Basic data

The lighting of the production hall was realized with lamps designed for high-pressure halogen
discharge lamps. The rotationally symmetrical reflector of the lamp was aluminum with a lower
cover made of tempered glass. The electrical accessory was a conventional electromagnetic
ballast with an igniter. Electrical components - igniter, choke, compensating capacitor are
located inside the lamp box on a galvanized sheet metal installation plate. The lamp box was
plastic with one cable entry for the power cable. The internal wires have a twisted copper core
and silicone insulation, ensuring heat resistance up to 130°C. The light source was a halogen
discharge lamp with a nominal power of 400 W. The lamps were installed vertically on a
support structure at a height of 7 m above the floor. According to the investor's requirements,
regulation of the intensity of artificial lighting according to daylight conditions was installed
in the premises of the production hall. The lighting intensity was measured using 6 sensors in
the production hall. The power unit of the regulator was controlled by programmed lighting
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control schedules and superimposed the modulating voltage on the mains voltage AC 230 V,
which is used to power the regulators and lamps. Based on the received control signals, the
controller was supposed to smoothly regulate the power of the connected lamp.

2. Experimental

The subject of the experiment was to simulate the operating electrical conditions in the lamp
with the aim of identifying the influence of the regulator connection on the current and voltage
on the discharge lamps. The experimental sets were designed in a combination of a lamp with
and without a regulator and powered by a stabilized voltage source CHROMA model 61505,
first with a voltage of 230 V and then with a limit increased voltage of 253 V. The values and
courses of the output voltage and current were recorded by an ELCOM network analyzer type
ENAS500. The analyzer records waveforms simultaneously, time-synchronized. From the
measured values and oscilloscope waveforms, current and voltage deformation waveforms
were evaluated. Due to measurement safety and high ignition voltage values, the voltage on
the discharge lamp was measured only after the discharge was ignited. After the onset and
stabilization of the discharge (after about 15 min), the time courses of voltages and currents
were recorded. The effective values of voltages and currents were recorded at 200 ms intervals.
The boundary conditions of the measurement - temperature and humidity in the room varied
between 24°C and 26°C and 52% and 55% during the experiment. The experimental sets were
24 combinations of specific components that were used in the production hall. Fig. 1 shows the
discharge lamps on which the measurements were carried out. Fig. 2 shows a change in the
color of the cover of choke due to increased temperature

==
=

Fig. 1 The mercury lamps on which the electrical ~ Fig. 2 A choke showing a change in the color of
parameters were monitored. the cover due to increased temperature

3. Results

We present only selected results from the experiments. In the Note 1, the measured quantities
are described in more detail. The measured values of voltages and currents after stabilization
on the lamp and the discharge lamp are shown in the table 1 and table 2. The manufacturer's
permitted values of voltage and current on the observed discharge lamps are shown in table 3.

Note 1: Name of the measured quantity and description

Supply voltage: 50 Hz sinusoidal AC voltage set on the power supply (230 V, 253 V) and
measured by the analyzer at the same time
Voltage on the lamp: Voltage measured on the terminals of the lamp
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Current flowing through the lamp: Current measured by current clamps placed in front of the
lamp

Voltage on the discharge lamp: VVoltage measured at the discharge lamp leads

Current flowing through the discharge lamp: Current measured by current clamps placed in
front of the discharge lamp

Current flowing through the regulator: Current flowing from the power supply to the regulator,
measured by current clamps located in front of the regulator

Table 1: Measurement without voltage regulator

Current
Current Voltage on )
Voltage on ) flowing
Measurement = Supply voltage flowing the
the lamp . through the
number [V] through the discharge .
[V] lamp [A] lamp [V] discharge
lamp [A]
1 230 230.2 2.051 136.8 3.626
2 253 253.3 2.232 148.3 4.099
5 230 230.1 2.016 127.3 3.862
6 253 253.1 2.205 137.5 4.351
7 253 253.1 2.233 148.4 4.078
8 230 230.1 2.053 137.3 3.598
Table 2: Measurement with a voltage regulator
Current Current Voltage Current
Supply flowing Voltage  flowing g flowing
Measurement on the
voltage  throughthe  onthe through . through the
number discharge .
[V] regulator  lamp [V] the lamp lamp [V] discharge
[Al [Al lamp [A]
3 230 2.071 229 2.011 136.9 3.609
4 253 2.254 252 2.19 147.8 4.096
9 230 2.077 229 2.022 136.1 3.641
10 253 2.252 251.9 2.196 147.7 4.099
11 230 2.034 229 2.013 126.5 3.849
16 253 2.204 252 2.182 137.1 4.321

Table 3: Manufacturer's permitted values of voltage and current on measured
discharge lamps

Measurement Voltage on the discharge lamp Current flowing through the
number [V] discharge lamp [A]
1-8 120 4.0
9-11and 16 130 * 3.5

* Note 2: The manufacturer allows a parameter tolerance of 118+12V, therefore a limit
value of 130V is calculated here.

The aim of measurements No. 1 and No. 2 without a voltage regulator was to capture the effect
of the increased supply voltage of 253 V on the current flowing through the lamp and the
discharge lamp and on the voltage on the discharge lamp. Voltage 253 V represents the upper
limit normative value of voltage 230 V + 10%. From the waveforms in fig. 3 it can be seen that
the increased supply voltage causes an increased voltage on the discharge lamp and an increase
in the current flowing through the choke and the discharge lamp and a change in the current
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flowing through the compensating capacitor. From measurements No. 1 and No. 2, it can be
seen that at the limit value of the supply voltage of 253 V, the nominal value of the discharge
lamp current as well as the voltage given by the manufacturer were exceeded. Here it should
be pointed out that even with a voltage of 230 V, the voltage measured on the discharge lamp
was 136.8 VV compared to the manufacturer's recommended value of 120 V. However, the
increase in supply voltage does not have a deforming effect on the course of voltage and current
and the content of higher harmonics.

The aim of measurements No. 3 and No. 4 was to analyze the influence of the regulator, as an
electrical component, on the electrical characteristics of the lamp and the discharge lamp and
to compare it with the results without the voltage regulator (that is, with measurements No. 1
and No. 2). The system of the lamp with the regulator was monitored at a nominal voltage of
230 V and at an increased voltage of 253 V. During the measurement at the nominal voltage,
the behavior of the lamp during repeated start-ups, which can be caused by power supply
voltage failures, was also monitored. From the waveforms in fig. 4, it is clear that after the
ignition of the discharge, a change in the effective value of the voltage on the lamp occurs even
during stabilization (see the curves highlighted in the circle). It can be seen from the voltage
and current curves that the controller disconnects the power supply to the lamp if the discharge
fails to ignite. The same can happen with an insufficiently cooled discharge lamp.
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Fig. 3 Measurement without voltage regulator. Course of voltage and currents during measurement
No. 1 (left) and measurement No. 2 (right). The red curve is the measurement on the terminals of the
lamp. The blue curve is the measurement at the terminals of the discharge lamp.

By analyzing the time course of voltages and currents during laboratory operation with the
regulator, after igniting the discharge, it was found that the voltage at the terminals of the lamp
is deformed and voltage-free pauses occur, as can be seen from fig. 5. On the discharge lamp
(e.g. fig. 5 green waveform) the harmonic current waveform is preserved, but a phase shift with
respect to the voltage waveform is visible. When the igniter is in the open state, then the choke
and the compensation capacitor act as a low-pass filter, which causes the current through the
lamp to approach the harmonic curve even when the voltage is inharmonic, but this LC element
always has a phase shift, just like any passive filter. Behind the regulator, the shape of the
voltage wave on the lamp is changed, which is also reflected in the change in the current curves
(fig. 6). The applied regulation manifests itself in the course of the current by rapid step
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In the stable operation of the lamp, the influence of the regulator on the power supply of the
lamp, the content and deformation of the harmonics is small and the voltage drop on the
regulator is minimal. But even during the stable stage of operation of the lamp, increased
effective values of the voltage on the discharge lamp were recorded, and at the limit value of
the supply voltage, the maximum values of the current as well as the discharge lamp voltage
set by the manufacturer were exceeded.
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Fig. 4 Measurement with a voltage regulator. The course of voltage and current during measurement
No. 3 (left) and measurement No. 4 (right). The red voltage curve is measured at the terminals of the
lamp. The blue voltage curve is sensed at the terminals of the discharge lamp. The red course of the
current is sensed at the input of the regulator. The blue current flow is on the current terminals of the
lamp. The green circuit is on the current terminals of the discharge lamp.
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Fig. 5 Time course of voltages and currents during laboratory operation with a regulator at a supply
voltage of 230 V. The red voltage curve is measured at the terminals of the lamp. The red course of the
current is sensed on the current terminals of the regulator. The blue course of the current is sensed on the
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current terminals of the lamp. The green current is sensed on the current terminals of the discharge
lamp. The time t(s) is recorded on the x-axis.
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Fig. 6 Time course of voltages and currents capturing the ignition of the discharge and the deformation
of the voltage and current on the discharge lamp at the limit value of the supply voltage of 253 V. The red
voltage curve is measured at the terminals of the lamp. The green current flow is the current at the
current terminals of the lamp. The blue current flow is on the current terminals of the discharge lamp.
The time t(s) is recorded on the x-axis.

Conclusion

The objective of the expertise was to find out the cause of the failure of light sources and lamps
in the production hall. After the measurements and analysis of the electrical installation, we
came to the following conclusions:

1) The light source was in the wrong position. The installed lamps were used in accordance
with the manufacturer's specification in the basic characteristics, i.e. as a lamp for halogen
discharge lamps with a nominal power of 400 W. However, according to the manufacturer's
information in the product type and catalog sheet, the installed light sources should be placed
in a horizontal position at an angle of £ 45°, not in a vertical position as it was in the installation.
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2) The discharge in the torch of the discharge lamp is ignited by an external high-voltage pulse
with an amplitude of up to 5 kV. The discharge first takes place in mercury vapor and inert gas.
By discharge, the halides formed by polar covalent to covalent bonds break down into starting
substances: metal atoms and halogen atoms or their ions. The chemical reaction initiated by
the ignition voltage leads to the formation of substances formed by the decomposition of the
metal halide in one part of the burner, while the reverse reaction will also take place in another
part of the burner , formation of a metal halide. In the discharge lamp, a concentration gradient
of metal and halogen atoms is created in the axial and radial direction, their subsequent
diffusion to the walls of the burner with a lower temperature occurs, where the original metal
halides are formed again. The metal halide formation reaction is already taking place
spontaneously. When a metal is directly combined with a halogen, a lot of energy is released
and either it is converted into heat and the reaction proceeds slowly, or there can be a rapid
release of energy and the reaction is explosive in nature. Therefore, a stable state of discharge
(back reaction) is reached only after a certain time. In order for the event to take place in the
necessary balance, the burner and the electrodes must be in such a spatial orientation that keeps
the ignition and the existence of the discharge in a stable state, and at the same time part of the
discharge must allow heat to be dissipated. These are two essential reasons for the discharge
lamp to be in the prescribed mounting position.

3) The voltage and current curves were changed by the regulator. A common feature of all
performed laboratory voltage and current measurements on discharge lamps, both at the
nominal voltage value of 230 V and at the limit value of the supply voltage of 253 V, is the
exceeding of the voltage and current values specified by the manufacturers. By analyzing the
time courses of voltages and currents during the laboratory operation of the lamp with a
regulator, it was found that the voltage at the lamp terminals is deformed and voltage-free
pauses occur. Behind the regulator, a changed shape of the voltage wave on the lamp and an
increase in steep current jumps were observed.

4) Rapid sudden changes (of current or voltage) will be manifested by transient events in the
discharge lamp, also on the choke and capacitor. Their obvious external manifestation is the
heating of the choke (also the capacitor) and, of course, the cable line, contacts, which was
visible on the components from operation. Heat losses in the choke were also manifested on
the outer shell of the choke. (Increased voltage, even if the choke manufacturer guarantees its
operation only at 230 V, should not cause the choke to be destroyed, but accelerates the
degradation of its insulation.) Jump changes, voltage and current fluctuations shorten the life
of the discharge lamp.

5) Halide lamps are used wherever high demands are placed on color fidelity, which is their
dominant advantage. An unexpected change in the state of the discharge due to a change in
voltage will change the color presentation, that is, the unique property for which halide lamps
are used in the lighting system. The physical cause of the change in the spectral behavior of
halide lamps under the influence of a change in supply voltage is a change in the energy state
of dissociated metal and halogen particles, which results in undefinable changes in the emitted
spectrum of the light source.

6) The disadvantage of halogen lamps is the slow start-up to a stable light flux (approx. 4 min),
the delay between switching off and the possibility of re-switching on (i.e. the impossibility of
immediate ignition of warm lamps, the cooling time is approx. 15 minutes), therefore the
possibility of dimming them is limited.

7) In the case of a regulated reaction (regulated discharge), the speed of ongoing reactions
changes, but also the type of reactions. The reaction rate of metal halide formation is higher

66



than the reaction rate of its decay. Every change in electrical voltage and fluctuation of voltage
on the electrodes changes the activation energy, i.e. the speed of the metal halide formation or
decay reaction and thus affects the type of reaction mechanism of the ongoing reactions.

8) By changing the voltage (regulation) and current density, the balance of the ongoing
reactions will change. If the discharge lacks an energetic component of radiation (e.g. UV),
which initiates a reaction leading to the formation of a metal halide, only the oxidation-
reduction reaction prevails, which generates heat in the discharge and causes a reaction with
the burner material as well. Due to the exothermic nature (release of heat during the reaction)
of the formation of the metal halide, it is necessary to let the discharge lamp cool down after
turning it off in order to restore the metal halide on the electrode. Therefore, the extinguishing
and re-igniting of the discharge requires a time interval.

Due to the uncontrollable non-equilibrium conditions, speed and type of reaction occurring due
to the change in activation energy, the regulation of the discharge of halide lamps with a
nominal power of 400 W is inappropriate.

In the technical characteristics of the discharge lamps, information about the
possibility/impossibility of dimming the discharge lamp is usually indicated by the
manufacturer. Frequency modulation of the supply voltage for lamps with an electronic ballast
is real and implemented in lighting systems with halide lamps with a rated power of up to 250
W [1], [2]. Halide lamps (with a rated power of up to 250 W) designed by manufacturers for
dimming, have a modified internal structure, geometrically (elongated) or material (ceramic)
adapted burner and electrodes. Despite the advantages of the color excellence of halide lamps,
lighting is currently oriented towards LED technologies. According to our experience, lighting
with halide lamps is now only used in special requirements.
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OYHKINOHUPAIBE HA ITAZAPU HA EJIEKTPUYHA EHEPI'NJA:
MOJAEJIN HA ITA3APU HA EJIEKTPUYHA EHEPT'UJA
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AncTpakT

Enepzemcrkama exonomuja e 30up Ha eKOHOMUU KOU 2U AHATUUPAAMN eHeP2emCKUme nasapu, chopeod HajHo8U
ucmpascysarwa Ha Kembpuy. Bo 1990-mume, cé noconem 6poj 3emju opeanuzupaie nazapu Ha 201eMo 3d
enekmpuyna enepeuja. Haxo nazaprume npaguia mogice 0a ce pasiuKysaam o0 3emja 00 3emjd, mpeysarbemo co
ENeKMPUYHA eHepeUja 2eHEPATHO Ce 3ACHO8A HA YHUDOPMHU MEXAHUSMU 3a AYKYUjd HA YeHU, a mod e cucmem
Kaoe cexoj akmusen npouzgooumei ja 000uea ucmama yena 3a cexoja eOuHuya npou3eoo 3d Koja e NOGUKAH, ce
0do0eka He2o8ume NOHyOU ce NOHUCKU 00 KIUPUHIUKAMA (NPeducmenama) yena npecmemana 00 onepamopom Ha
nasapom. Ilasapom e mexanuzam Koj ce nojagui MHo2y 00amua, 60 MHo2y yusuiuzayuu. Co mexkom Ha 200unume,
naszapume egoyupaie 00 eOHOCMABHA JIOKAYUja, Kaoe wimo HeKoKy Jyre O6e3 npemxooen 002080p ce cobupae
U pasmenysaie CmoKu, 00 UPMYeIHA CPeOUna Kade unpopmayuume yupkyiupaam eiekmponcKi, a mpeogujama
ce npasu co eOHOCmaser Kiuk na komnjymepom. M nokpaj osue mexHoiowKu npomMeHu, OCHOGHUME RPUHYUNU He
ce npoMeHemu - na3ap e Mecmo Kaoe npoodsaiume U NOMpPoOULy8ayume ce cpekasaam 3a oa mpaysaam. 3a oa ce
AHATU3UPA  KOHKYPEHYUjama Ha nazapume HA eleKmpUdHa eHepauja, HeonxooHo e oOa ce pasjacham
npemnocmagkume 3a NOnyoama u nobapyeaukama, Ho u 3a NA3aprHume NPAGUIA U pe2yiamopuu UHCMpYMeHmi,
Kou Ke budam onghamenu 80 NOHAMAMOUWHUOM MEKCM HA MPyOom.

KiayuHu 300poBu:

eleKMpPUYHA eHepauja, nasapu Ha eHepeuja, Mooeiu Ha mpeyearse

BoBen

Pa3BojoT Ha masapuTe Ha eJNEKTpUYHA EHEpruja ce 3aCHOBA HA NPETIOCTaBKaTa JeKa
eJIEKTpUYHATa CHepruja MOXKe Jla Cce TPEeTUpa Kako CTOoKa. MeryTroa, MMa pa3iuKH MOMeEry
eJIEKTpUYHaTa eHepruja u APYruTe CTOKH, KaKo IITO ce JIUTap HadTa, TOH MYSHULA UK KyOeH
Metap rac. OBUE pa3NMKM WMaaT rojeMoO BJIHMjaHWEe Bp3 OpraHu3alyjara W MpaBHjaTa Ha
na3apure Ha eJIeKTpUYHa eHepruja.

OcHOBHa pa3fuKa € Toa LITO eJeKTPUYHATa €Hepruja € Hepa3JesHO MOoBp3aHa cO (PU3UUKU
cucteM Koj (yHKIMOHMpa MHOry moOp3o ox Owio ko] masap. Bo T1oj ¢usnuku
€JICKTPOCHEPTeTCKU CUCTEM MOpa Jia ce oJIpKyBa OajaHC ToMery MoHyAaTa 1 mobapyBaykara,
OJTHOCHO TIPOM3BOJCTBOTO M ONTOBAapYyBameTO. AKO HE ce OJpXKyBa OajaHC, CUCTEMOT ce
pacmara co karacTpodannu nociueauiy. Pacman Ha CHCTEMOT € HeJIOMYCTIUB OHUIejKU HE CaMO
IITO CUCTEMOT 3a TPryBame Ke IpecTaHe Ja paboTH, TYKY U LEIHOT PETUOH WM 3€Mja MOXKaT
Jla ocTaHaT 0e3 HaIlojyBamke MHOTY 4acOoBH. BpakameTo Ha €eKTPOEHEPTETCKUOT CUCTEM BO
HOpMaJiHa paboTa € MHOTY CJIOXKEH MpoIlec KOj MOXKe Jia moTpae 24 yaca WU MOBEKE BO
rojeMHUTe, UHIYyCTPUCKHU 3eMju. 3a a objacHuMe Kako (yHKIIMOHHpAaaT Ira3apure, IpBO Ke
pa3BueMe MOJIeN CO KOj Ke ro 00jacCHUME OJIHECYBa-ETO Ha MoTpoiryBayute. [IpBo e pa3BueH
MOJIENT Ha TIOTPOIIIYBayH, IMOTOA € pa3BUEH MOJET Ha MPOU3BOJUTENN, CO KOMOMHHUpame Ha
OBHE MOJIeNH ce AeprHUpaaT yCIOBUTE MO KOU MOXKeE Jla ce TPryBa.

Bo 3aBucHocT 07 HaUMHOT Ha opraHu3aiyja Ha enekTpoeHepreTckuot cextop (EE cextop) u
OJTHOCHUTE MOMel'y YUeCHUIIMTE Ha Ta3apoT pa3IuKyBaMe YeTUPU FeHEPHUKU MOJIENN Ha Na3apu

Ha enektpuyna enepruja (I1EE): [7]
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monomosmctuaku mojen (Monopoly model)

- Mojen Ha equHCTBeH KymyBad (Single buyer model)

- MOjeJ co KOHKYpeHIIHja Ha ,,ma3apoT Ha roemo™ (Wholesale competition model)

- MOJeI COo KOHKYpEHIIMja Ha ,,ta3apoT Ha mamo“ (Retail competition model).

Tpeba na ce 3abenexu Jeka BO MMpakcaTa Ma3apuTe MOXKaT J1a MMaaT KapaKTePUCTHKH
OJ1 JIBa WJIM ITOBEKE MOJICIIH, a IIPHUIIAHOCTA KOH HEKO] O/ TCHEPHYKHUTE (TUIIMYHU) MOJICITH CC
neduHIpa cnope]] JOMUHAHTHUTE KapaKTEPUCTUKU Ha Ta3apoT. [1]
EnexktpuvHUTE MpEXH, KAKO M JIPYTH CIMYHU TEXHUYKO-TCXHOJIOUIKH LETHHHU, CE IPUPOIHU
MOHOMONH 1o Aeduaunmja. [lopaan Toa, MaKo MPBHOT TUIUYEH MOZET BO MMETO ja MMa
KapaKTepPUCTUKATa MOHOIIOJIMCTHYKH Mojiesl, MoHomouoT Bo EE cektop mito npousnerysa oJ
MPEXKHHUTE CEPBUCH TIOCTOH BO CUTE MOJICIIH.
Bo mHory npxaBu, a ocodeHo Bo EBporickara yHuja, TeHACHIHUjaTa € Ma3apuTe MOCTEIEHO J1a
ce pa3BUBaar, Co i€ Ja TO JOCTHIHAT HUBOTO HAa MaKCMMalHa KOHKYpEHIWja, T.e. Ja TO
JOCTUTHAT MOJIETIOT CO KOHKYPEHIIMja Ha 11a3apoT Ha MaJlo.

1. Tlperiea Ha MCTPaKEHMOT MaTePHjaJl
1.1. MOHOIOJIHUCTHYKH MOJEJ

Kaj MmoHOnONMMCTHUKHOT Moie Ha na3zapu Ha enekTpuyHa eHepruja (IIEE) cute nejuoctu Bo
CEKTOPOT C€ KOHIIEHTPUPAHW BO €IHAa KOMIaHWja, T.H. ,,BepTHKaIHO HHTerpupaHa” EE
komrnanuja. Ha cimka 1 e mpukaxkana nmpunuunuenHara mema Ha [IEE opranusupan Ha
MOHOTIOJIMCTUYKA NpPUHIHUIHA. Bo OocHOBa Ha OBOj MOJEN € ,,BEPTUKAIHO HWHTETpHpaHaTa
enekrpoeneprercka kommnanuja“ (BUEEK) koja Bo cebe ru compxku (0oOaByBa) ueTHUpHUTE
OCHOBHH JI€JHOCTH: TPOHM3BOJICTBO, NpeHoc (u ympaByBame co EEC), muctpubyunmja (u
ynpaByBamwe co JIC) u cnabnyBame. [lokpaj Toa, BO MHOTY ciiydau, HaaBop o EE kxomnanuja
MOJXKaT Jla TOCTOjaT T.H. HE3aBHCHU Npom3BoauTenn Ha enekrpuuHa eHepruja (HIIEE)
(Indipendent Power Producers, IPPs). HIIEE ce conctBennuku HezaBucHu o1 EE xomnanuja
IITO OTiepupa Ha ompezeneHa Teputopuja. Bo rpynara va HITEE cmaraat  koreHepaTUBHUTE
MOCTPOjJKU BO MOTOJIEMHUTE MHYCTPUCKU TIOCTPOJKH MITH MAK YBO3 O] COCETHUTE cUcTeMu. Bo
MOTOJIEMHUTE JIp’)KaBU TEPUTOpHjaTa MOXe Ja Ouje TMojelieHa Ha IOBeKE BEPTHUKAITHO
WHTETPUPAHU KOMIIAHUH, HO KapaKTePUCTHYHO U 32 THE CITy4yau € JieKa Ha J1aJieHa TepUTOpHja
BUEEK uma xoMIuieTeH MOHOIOJ Bo cuTe aejHoctu on EE cexrop. [2]

Beprukanno
MHTErpHpaHa Ilpoussonc | Ilpen | ) I[HCTPH6y ——» CnHabnyBa |-p| Tlorpomysa
EE xommanuja TBO ocC nuja Bbe qH

Cauka 1 - lllemarcku npuka3s Ha MOHoNoJIMCTHYKH MoJe Ha [TEE

ConcrBenocra Ha BUEEK Moske na Ouje mpuBaTHa WM Jp>kKaBHA. THIIOT Ha CONCTBEHOCTA
BIIMjae BP3 HAYMHOT KaKO JprKaBara ja peryjivpa W ja KOHTPOJIUpa MOHOMOJICKaTa paboTa Ha
EE komnanuja. Bo cimywyaurte xage npxasara e conctBeHuk Ha BUEEK, mo mpaBuio, He
MoCcTOjaT MOCeOHM (HE3aBUCHU) PpEryjlaTopHH HHCTUTYLUMH IITO ja  peryjiaupaar
€JIEKTPOCHEPreTUKaTa. 3alITUTaTa Ha MOTPOIIYBAYUTE OJf MOHOIIOJICKAaTa MOK Ha KOMIIAHUUTE
€ BO palleTe Ha Ap»aBHUTe HHCTUTYIMH (Biana unu Munuctepersa). [Ipexy oBre HHCTUTYLIMH
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JpKaBaTa TM KOHTPOJIMpa LeHuTe (Tapudure) U HEe J03BOJIYBAa KOMIIAHUUTE, KOPUCTEJKHU ja
HUBHATa MOHOIIOJMCTHYKA MO3UIIHM]ja Ha 1a3apoT, Ja OCTBApyBaaT eKkcTpa npodpurtu. [2]

Bo npxasute kane BUEEK e Bo mpuBaTHa CONCTBEHOCT MOCTOjaT HE3aBUCHH PETyJIaTOPHU
uHctutynuu (Perynaropwu) mro ja HaarieayBaaT padorara Ha BUEEK, ru oqoOpyBaart ieHure
Ha yCIYTHTE U HA TO] HAYMH OBO3MOJKYBaaT 3allITUTA Ha NOTpoIIyBaunTe. Bo oBoj Mozaen Ha
ITEE, no npaBuno, BUEEK He pabotart 10BoIHO €dHKacCHO 01 EKOHOMCKH actiekT. Ha mpumep,
aKo BO JEjHOCTa JUCTPUOYIMja U CHaOAyBame KOMIIaHWjaTa OCTBapyBa BHUCOKa JOOWBKa,
KOMITaHMjaTa MOXeE Taa IOOMBKaA Jia ja HICKOPHUCTH 3a NMOKPHBamke Ha ((PMHAHCUCKHUTE) 3aryou
BO JIpYIHTE JIEjHOCTH. BO TakBuTe cilyduam KOMIaHMjaTa HEMa HEKOj MOCeOEH MOTHB J1a TO
nonodpu paboTeHEeTO Ha OAJETHUTE OPraHU3allMOHM EIUHUIM CO IeN Ja TH HaMalu
TpOIIOIMTE HA PadoTa, a CO Toa U LEHUTE 3a KpajHUTE KylyBayH (moTpoiryBaynte). ypu u
BO cllydyauTe Kora padoTara Ha KOMIIaHMjaTa € HaArJieqyBaHa OJ COOJBETHA peryjaropHa
MHCTUTYLIMja, MHOTY € TEIIKO Ja C€ pa3fBojaT TPOIIOUUTE MO OAJCIHU ACJHOCTH U
aKTHBHOCTH, 32 KOMITaHUjaTa Ja Cce MPUHYAX aAa pabotu moepukacHo. [3]

1.2. Mopen Ha eIUHCTBEH KyNmyBay

['aBeH HEIOCTATOK Ha MOHOIIOJICKAOT MOJIEIT € HEIOCTATOKOT Ha KOHKYPEHIIH]a, T.€. [IEJI0CEeH
MOHOIIOJI HAa €JIHa KOMITaHWja (Ha ONpeIe/ieHa TEePUTOpHja) BO 00e30eayBameTo Ha
MOTPOIIYBAYNUTE CO €JIEKTPUYHA eHepruja. Bo MOJEIOT CO EIUHCTBEH KyIyBad OBO]
HEJIOCTATOK € JISTyMHO HaJIMUHAT CO BOBEYyBame Ha (ICIyMHA) KOHKYPEHIIMja BO JCJIOT Ha
MIPOM3BOICTBOTO Ha €JeKTpHYHa eHepruja. Ha ciuka 2 ¢ npukakaHa MPUHIMITHEHATA [IeMa
Ha opranu3anyja Ha [1EE no MozxenoT Ha equHCTBEH KynyBad. [1]

EnuHcTBEH KymyBau I[HCTPH6YTI./IBHa
HIIEE, KOMITaHHja
IIpon3BOACTBO Huctpulynuyj .| Torpourysau
il u
/ ITpenoc
HIIEEq CHa0OnyBam
e

Cauka 2 - lllemaTrcku npuka3 Ha moneiot Ha [TEE co eqnHCcTBeH KymyBa4

Bo muory cnyuau, IIEE 06a3upan Ha NpUHIUIOT Ha €IUHCTBEH KYIyBay €BOJIYHpall Of
MOHOITIOJICKHOT MoJien co pasnenyBawe Ha BUEEK Bo (Hajmanky) Be KOMIIaHUU: KOMIIaHH]ja
co ynora Ha eauHcTBeH KkymyBau (EK) m aumctpubynmja. Bo pamxure Ha EK, mokpaj
MpeHOCHAaTa KOMIIaHW]ja, HaJuYeCTO C€ M MOCTOjHUTEe Mpou3BoaHu Kamamutetu Bo EEC. U Bo
OBOj Ciy4aj, HOTpPOIIyBauuTe Ce ,,3apOOCHMU’ M THE Mopaar Ja ja KylmyBaaT eJeKTpUYHaTa
eHepruja of JJokainHara AucTpuoytuBHa kommnanuja ([IK) 6e3 moxxHoCT 3a u360p.

Bo oBoj Mojen, mokpaj MpUpOJHUOT MOHOMOJ BO JIEJNOT HA MPEHOCOT M AMCTpUOylHMjaTa,
MOHOIIOJI UMa U TUCTpUOyTUBHATA KOMIIaHH]ja BO JIEJIOT Ha CHA0JyBamhEeTO Ha IOTPOLITYBAYUTE
(TproBuja Ha mano). Mcro taka, moHomnon uma u EK Bo genot Ha cHabnyBame Ha JIK, T.e. JIK
HeMa MOXKHOCT 3a u300p Ha 100aByBay. [2]

Ha cnukara EK u IK ce mpukakanu kako nmoceOHM MHCTUTYIMH. Bo mpakca, Toa Moxar na
OunaT oJeNIHYU JIeJIOBH HA UCTa KOMITaHU]a, OJACTHU KOMITAHUN BO paMKHUTE Ha XOJITUHT WIH
KOMIUIETHO (COTICTBEHMYKM) He3aBUCHU kommnaHuu. Mcro taka, EK He mMopa na mma cou
npou3BogHU KamanurteTd. Hajuecrto, mpu momendbara ma BUEEK Bo pamkute Ha EK
OCTaHyBaaT IOCTOJHUTE MPOU3BOJHM KalalUTETH, KOMILTO BO HajrosieM Opoj ciyyan ce
OTILJIATEHH U TPOILOIUTE 3a HUBHA paboTa ce penaruBHO Manu. [lo npasuio, HITEE ce noBu
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MPOM3BOJHU KalalUTETH, KOTEHEPATUBHU TMOCTPOJKM Ka] TMOTOJIEMHTE WHIYCTPUCKHU
MOTPOIIIYBa4X UJTM YBO3 Ha eJeKTpuuHa eHepruja o coceauure EEC. He3zaBucHo o Toa kakBa
¢ opranm3zanmoHata moBp3aHoct Ha EK u JIK, ako emHa kxommanwja 00aByBa IOBEKE
€HEepPreTCKH JISJHOCTH, Taa € JI0JKHA Ja BOJM CMETKOBOJCTBO 3a CEeKOja JeJHOCT OJCNIHO, T.€.
300pyBaMe 3a pa3BOjyBame Ha CMETKOBOACTBOTO (accounting unbundling). Ha npumep, ako
Bo EK nma nmpousBoHM KamanuTeTy Kako LITO € MpuKakaHo Ha ciukara, EK nma noce6Hu
(>KMpO) CMETKH 3a ceKoja AEJHOCT OAJIEIHO (IPOU3BOJCTBO U IMPEHOC).

EauHCTBEeHMOT KymyBay OTKYIyBa NHOTPEOHM KOJMYMHU HA EJIEKTPUYHA EHEpPruja oj
MIPOU3BOIHUTE €IMHULIM 32 33J0BOJTYBabE Ha MOTPEOUTE HA MOTPOLTYBAYUTE IPUKIYYSHH HA
EEC. [lokonky BO CHCTEMOT MMa BHIIIOK Ha eJlekTpuyHa eHepruja, EK HabaByBa eHepruja ox
oune HIIEE mro ke nonynar Hajaucka 1eHa. l{enarta mo koja EK ja mponmaBa eneprujara va
JIK mpercraByBa mpoceuna 1ieHa oa Hab6aBkute on HIIEE u menata Ha mpou3BOACTBO 0
COIICTBEHHUTE MPOM3BOIHH eIMHUIIM (aK0 T nMa Bo pamkuTe Ha EK), 3rojemena 3a Tpomonure
3a IPEHOC U YIIPaByBambe CO CUCTEMOT. [7]

Co ornen Ha Toa MITO U BO OBOj MOJIET MMa JISJHOCTH IITO ja 3aJpiKaje MOHOIIOJIMCTHYKATA
MO3UIMja HA MAa3apoT, HEOMXOJHO € THE JEJHOCTH JAa OujaaT peryaupaHd O]l CTpaHa Ha
Perynaropor. PerymaropoT ru 0o0pyBa IieHUTE Ha CUTE MOHOIIOJICKH JISJHOCTH (peryupaHu
nejHoctn). Bo 0Boj ciyuaj Toa ce: ieHuTe Ha HabaBeHaTa eJeKTpUYHa €Heprija oJ CTpaHa Ha
EK, nenuTe Ha mpou3BelcHATa CICKTPUYHA SHEpruja BO MPOM3BOAHHMTE eauHUIM Ha EK,
[IEHUTE Ha YCIYTUTE 32 KOPUCTEH-E Ha MPEHOCHAaTa Mpexa U yrnpaByBame co EEC, nenure Ha
YCIyTUTE 332 KOPUCTEE Ha AUCTpuOyTHBHaTa Mpexa ([JIM) u ynpaByBame co JIC u nenute 3a
cHabryBame.

Mognenot co EK BoBeyBa MO3UTHBHY, HO M HETATUBHU, IPOMEHH BO OJJTHOC Ha MOHOTIOJICKHOT
Mozen. [lo3uTMBHHUTE NPOMEHH C€ KapakTepu3MpaaT CO BOBEAYBAHKETO Ha (JIEIyMHA)
KOHKYypeHIuja Bo mpou3BogHHOT aei o EEC. Kako pe3ynrar Ha Toa, IIEHUTE Ha eeKTPUYHATA
eHepruja 3a KpajHuTe KynyBauu (IOTPOIYBa4M) MOCTENEHO ce HamanyBaaT. Of apyra cTpaHa,
VIIPaBYBaWkbETO W IUIAHUPAKETO HAa CHCTEMOT CTaHyBa IIOCIOKEHO. MOTHBUpPABETO Ha
WHBECTUTOPHUTE 32 U3rpaada Ha HOBHU MPOU3BOIHH KaMalUTETH CeTa 3aBUCH OJ1 CHTHAIHUTE IIITO
T'H HCIIpaka ma3apoT. Bo TakBuTe cirydam, MO>KHO € J1a ce CIy4H peakiifjaTa Ha 3rojieMeHara
nobapyBauka Ha €HEpruja Jia 3aJ0lHU, CO IITO BO OMNpEENIeH NEepuoJl MOXKE Ja Ce jaBU
HE/IOCTATOK OJ1 (pEIAaTHBHO €BTHHA) EJIEKTPUYHA EHEPTHja, IITO IOBETyBa JI0 3T0JIEMYBAabE Ha
[ICHUTE Ha eJIeKTpUYHAaTa eHepruja. [7]

1.3. MopueJs co KOHKYPEeHIHja HA MAa3apOT Ha roJIeMo

Mopnenor Ha [IEE co koHKypeHIMja Ha ma3apoT Ha TOJEMO BOBEIyBa MOKHOCTH 3a
JIONIOJTHUTEHA KOHKYpEHIMja BO CcHa0ayBawmeTo. M1 BO OBOj MoJen MOTpOLIyBauuTe
ocTaHyBaarT ,,3apobeHu™ (captive customers, tariff customers) u tie He MOXKaT Ja ro Oupaar
CBOJOT cHablyBau, T.e. CHaOAyBauoT 3a OBUE MoTpolyBauu e JokanHata /IK. Ho, 3a paznuka
on moznenot co EK, JIK cera He ja nHaGaByBa eHeprujarta oa EK, tyky on pazmuunu HIIEE,
BKJIy4yBajKH U yBO3 Ha €JIEKTPHUYHA €Hepruja. TpaHcakIMuTe MoXarT Aa Oujie pealu3upaHu
npeKky coonBeTHa Oep3a Ha enektpudna enepruja (BEE, Power Exchange — PX) wiu npeky
6unarepanuu gorosopu co HIIEE. [Tocroemero Ha BEE BO 0BOj MOzen He € mpeayclioB, a U
BO CHCTEMHUTE KaJIe Taa MMOCTOeNa, KOJIMUYMHUTE eIEKTPUYHA €HEPrija IIITO Ce TPryBaJie MPeKy
Hea Ouiie penaTMBHO Mainu. Bo Hajronem Opoj ciiyuan, BO BpEMETO KOra OBOj MOjeN Oui
JIOMUHAHTHO 3aCTaleH, THe KOJIMYMHUTE He HaaMuHyBane 20% o1 BKyImHaTa MOTpOIyBayKa
Ha enekTpuyHa eHepruja Bo pamkute Ha EEC [5]. Ha cimkara 3 e npukaxkaHa miema Ha
MOJIETIOT CO KOHKYpEHIMja Ha Ma3apoT Ha roiemMo. 3a epukacHo ¢pyHkiuonupamwe Ha [1EE
6a3upaH Ha OBOj MOJIeJI, HEOIXO0/IHA € TOMHAKBA OpPraHU3aloHa MOCTaBEHOCT HA YUECHUIINTE
Ha [1EE. Onepatopot Ha npeHocHuot cucteM (OIIC) e He3aBrcHA KOMITaHH]a (MHCTUTYIH)a)
U TOj, 3aeHO co omepaTtopoT Ha maszapor (OIl, He e mpukaxaH Ha ciaMKa 3) ce KIy4YHHU
MHCTUTYILIMU BO OpraHM3alljaTa Ha 11a3apoT U YIpaByBambeTo Ha cucTeMoT. CUTe TpaHCaKIuu
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(Ounarepanuu wim npexy BEE) mopaar na Ouaar npujaBeHH U pEeruCTpUpaHu OJ CTpaHa Ha
OIl. OI1, 3aenno co OIIC, k0j € 3aI0JDKEH 3a AUCIIeUrpame, TH 000pyBaaT JIOrOBOPEHUTE
TpaHncakiu. [IpomecoT Ha 0100pyBame € 0a3upaH Ha TPAHCIIAPESHTHH MPUHITUTN ACPUHUPAHU
BO COOJIBETHUTE Ma3apHU IIpaBuiia U MpexHH mpasuiia 3a mpenoc. OIIC moxe 1a He ru 0100pu
TPaHCAKIMUTE LITO MOXKAT JAa IpEeAM3BUKAAT 3ajyllyBamba BO IPEHOCHaTa Mpexa. Bo
HajroyieM Opoj cirydau, mopaau rojemara rmosp3anoct nmomery OIl u OIIC, oBue HHCTUTYITMH
ce BO PAMKHUTE Ha €lHa KOMIIaHHWja, HO CO pa3aABOCHU CMETKH. [1]

HIIEE; HIIEE,
bepza OIIC
KBamn¢ukyBanu HuctpubyTHBHA KOMIIaHK]a KBamm¢ukyBanu
HOTPOIIYBayuH HOTPOILYBaYH

Huctpudynmja

v
CHaOnmyBame

v
IToTpomyBauu

Cauka 3 - llemarcku npuka3 Ha Moaea0T Ha [TEE co koHKypeHIMja HA Ma3apoT HA roJieMo

KpanudukyBanute norpouryBaun nospzanu Ha IIM u JIK ja HabGaByBaaT enekTpuyHara
eHepruja oJ1 cHabyBay 1o cBoj M300p U ja Iu1akaat J10roBopeHara 1eHa, a Ha OIIC my rutakaat
COOJIBETHA HaJIOKHajJa 3a kKopucrteme Ha IIM u 3a cuctemcku ycinyru (ynpaByBame Ha
cucremotT). KBanudukyBanute norpomnryBauu npukiydeHd Ha JIM, mokpaj mpeTxogHHUTE
TPOIIOLH, Ce AOJDKHH Jia My IIaTaT Ha oneparopoT Ha AucTpuOytuBHUOT cucteM (O/IC) 3a
KOpPHUCTEHE U yIIpaByBame Ha M.

Perynatopot e HaanexeH 3a 0100pyBame Ha IEHUTE Ha eJIEKTPUYHA €Hepruja 3a TapuQHuTe
MOTpOILyBauX ¥ mopaau Toa neure no kou JIK ja HabaByBa eHeprujara ce HCTO Taka MPeaMeET
Ha coojiBeTHa perynaTtua. [1o npaBuio, HabaBkute npeky BEE ce cmeTaar 3a TpancnapeHTHH
u koHkypenTHu. Ho, xora JIK nHabaByBa enexkTpuiHa eHepruja npeky OminarepaiHu JOrOBOpU
on HIIEE, nenure u ycnoBuTe Ha THE JOTOBOPHU Ce MpEeIMET Ha 0A00pyBame O] CTpaHa Ha
Perynaropor 3aroa mTO THE MMaaT BIMjaHUE Bp3 ILIE€HATa 3a MOTPOLIYBAYUTE MOBP3aHU U
HarojyBaHu npeky M.

OIIC Bo 0BOj MOJENT HEMa MPOU3BOJIHM KaMallUTETH BO CBOja COICTBEHOCT, TaKa IITO CUTE
notpeOu 3a 06e30eayBambe Ha MOMOUIHM yCIyrd (JIaJHa W TOIUIA pe3epBa, NOKPUBAHE Ha
3aryoute Bo [IM, perymnaiuja Ha HalOHUTE, peryJianrja Ha (PEeKBEHIM]jaTa) TH peaanu3npa Ha
CJIMYEH HAUYMH KaKO U OCTAaHATUTE YUECHUIIM Ha Ma3apoT (MpeKy OuiaTepalHu JOrOBOPH HIIU
npeky Oep3ata). Ha uaentuuen Hauun kako u OIIC, OJIC ru o0e30eayBa cBOMTE MOTPEOU 3a
MIOMOUTHHU ycIyTH (3aryou Bo JIM u perynanuja Ha HanioHuTe). [7]

HNmeno, BO paMKuTe Ha OBOj MOJEJN, 3a CUTE OTCTalyBama Off JIOTOBOPEHHUTE, OJHOCHO
npujaBeHuTe TpaHcakuuu kaj Oll, kymyBayoT WM MpojaBavoT ce AOJDKHHU Ja T'M MOKpHjatr
tpomouute Ha OIIC 3a OanaHcupame, CIoOpel LIEHH IITO CE€ MOCTUIHYBaaT Ha JEJIOT O]l
1a3apoT 3a MOMOIIHU YCIYTH U OajlaHCHA eHepruja, Koj € ynpaByBaH OPaMHET OJ] CTpaHa Ha
OIl.
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14. Moaes co KOHKYpeHIIHja HAa Ma3apoT HA MaJIo

Mogenor Ha IIEE co KoHKypeHIMja Ha ma3apoT Ha Majo Ce€ Pa3jIMKyBa OJ MOJEIOT CO
KOHKYpEHIIMja Ha Ma3apoT Ha TOJIEMO BO TOA IITO CUTE KPAjHUTE KyIyBadu (TMIOTPOILITYBAYH)
MMaaT MOKHOCT J1a I'o u30upaat cBojot cHaOayBad. [lorponryBaunre ja KynyBaar eHeprujara
0]l CHab/lyBauu WJIH, BO CITy4yaj Ha OT0JIeMHU OTPOIIYyBauH, TMPEeKTHO o Tproeuu, BEE, unu
ol npousBoauTenuTe. OCTaHaTUTE €JIEMEHTH Ha OBOj MOZEJ C€ UICHTUYHH KaKo U Kaj MOAEJIOT
CO KOHKYpEHIIMja Ha 1a3apoT Ha royiemo. [1]

Ha ciuka4 e nanen memarcku npuka3 Ha mojenot Ha [IEE co koHkypeHIrja Ha a3apoT Ha
Mmano. Ha cnukara He ce npukaxanu OIIC, OJIC u OIl. HuBHata yiora € naeHTHYHA KaKo U
BO NIPETXOHUOT MOJEI.

HITEE; HITEEn

bep3a

CHabmyBau; CHabyBaun

\ 4

IToTpowmyBauu

Cauka 4 - lllemarckn npuka3 Ha moaesoT Ha [IEE co koHKypeHUMja HA MAa3apoT HA MAJIO

3a na ce o0e30enM KOHKYpPEHIIMja BO JCJIOT Ha TProBUjaTa Ha Maio, jJokanHata JIK, koja mro
BO MPETXOHUTE MOJIen 00aByBa 1Be GYHKIIMU, MOpa Ja Ouje pa3zeseHa Ha 1Be KOMIaHUU:
OJZIC u cHabayBau. CHabayBa4yoT WITO Ke mpousinese o nocrojHara JIK ce HatnpeBapysa co
OCTaHAaTUTE CHaO/ayBauu Ha Ma3apoT Ha Majo. Bo oBoj ciywaj, co orjea Ha Toa IITO HE ce
paboTu 3a MpEKHA yClIyra, Ha elHa TEPUTOPH]ja MOXKeE (JIypH, € TIOXKEITHO) J1a TTOCTOjaT MOBEKe
cHa0OyBayH.

U Bo IIEE opranusupanu criopes; 0BOj MOJIET HajTOJIEM e O/ EHeprujaTa ce TPryBa MpeKy
ounatepannu gorosopu. I[lo mpaBuno, Bo enen EEC mocrou camo enna BEE, Ho moctojar
uckiyyouu (EY, CAJl) kage mTo Ha eiHa TEpUTOpUja MOXKAT Aa rnoctojat noseke BEE.

2. Perysanmja Ha npupoaHuTEe MOHOIOJIH

[Iponiecor Ha neperynanuja NpeTcTaByBa PECTPYKTYHpAme Ha IpaBUaTa, 3aKOHUTE U
eKOHOMCKHTE MEPKH CO KO BJIaJUTE BOCIIOCTABYBAaaT KOHTPOJIA U T'H PEryIupaaT OJHOCHUTE
BO €JIEKTPOCTONAHCTBOTO. | TaBHATa H/ieja Ha ieperyJannjaTa € BOBeyBambe Ha KOHKYPEHIINja
BO JIEJHOCTHTE Ha TPOM3BOACTBO U cHalOayBamwe (mpomax6a) Ha EE. Ilpenocor u
muctpuOynujata Ha EE ocTanyBaat mpupoJH MOHOTIOJMH.

Bo oxpenenn obnactu Ha MHAYCTpHjaTa, MIPOM3BOACTBOTO HA OJpE/IeHa CTOKA € MOBP3aHO CO
BUCOKH (DMKCHH TPOILOIHM M PETaTUBHO HUCKH BapujabuiIHU Tpoionu. Bo toj ciydaj, MEK
M3JIeryBa HaJBOP OJ1 KpMBaTa Ha rmodapyBadyka M HE MOXeE /1a C€ BOCIIOCTABH KOHKYPEHIIH]a.
Toa e npuponen monomnon (Ciuka 5). OBa € TUITUYEH ClTy4yaj BO IPEHOCOT U TUCTpUOyLHjaTa
Ha eJIEKTpUYHa eHepruja u rac. PerynaropHoTo Teao BpIIM aHadu3a Ha paboTEeHETO U BiHjae
Ha [IeHaTa CO LeJ Ja M 3alITUTH MOTPOIIYBAYUTE O/l MOHOIIOJOT.
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Bo oBoj cnyuaj, nokonky MEK e morosemo ox moGapyBaukara U JOKOJKY IIeHaTa (Cropen
aHaJM3a ¥ 0J00pyBamke O] PEryJIaTOPHOTO TEJI0) ce PopMHpa CIIOPE ] MAPTMHAITHUTE TPOIIONN
(MC), nuty enHa KOMIIaHHja HeMa €KOHOMCKH HHTEPEC 3a TPryBambe OHJICjKH MPOCEYHUTE
TPOIIOIHY K& OUaaT MOTOJIEMH U Ke ce paboTu co 3aryda. Perymaroproro Teso Tpeda 1a oqo0pu
IIeHa Koja ke Omjae HajManaTa o nmpocedynute Tpomoiu (AC), OTHOCHO IPECEKOT Ha KpUBaTa
Ha MIPOCEYHU TPOIIOIM M KpHBaTa Ha MoOapyBavka, Taka IITO KOMIIaHWjaTa HeMa Jia paboTu
co 3aryou. Toa e ciy4aj co Qp>KaBHUOT HempoduTabuieH npupojeH MoHomoi. McTo Taka,
PEryIaToOpHOTO TEJIO0 MOKE Jia OJPEIH M MaJKy MOBHCOKA IICHA, TaKa IITO KOMIIaHHWjaTa Ou
“MaJa oJipeicH 0100peH MpoQuT.
MC 'f

LleHa \\

No6apyBauka

AC

AC

y

-
Ll

Mpowussoacrso

Ciuka 5 - Henpoduren npupoaeH MOHONOJI

Cenak, Hajupu(aTIMBO PEHICHHUE 3a peryJalrja Ha TPUPOJHUTE MOHOIIOIM € KOHIICTITOT Ha
First — best u Second — best conyiuu. Jlokonky Briagara (perymaropor) ce oajIy4n lieHaTa Ha
MPUPOJAHUOT MOHOIION Ja ja YTBPAM Ha HHUBOTO Ha MapruHAajeH TPOIIOK (CO Ien aa ce
MaKCUMH3Upa 0J1arococTojoara Ha rparfaHWTe), TOTAll ce MOCTUTHYBa First — best comyrmuja
(MC=P). IIpu BakBOTO pelIeHHe, MOHOIOJIOT € COOYEH CO 3aryOu U MCTOTO HE € ONTHMAITHO,
3atoa mto BrnagaTa ke Ouje npunHyzeHa Ja gajie CyOBEHIIMY 3a TIOKPUBAKE Ha 3aTryOUTeE, a Toa
JIOBElyBa JI0 Ma3apHU HapYyIIyBamba (JIUCTOP3HH).

Otryka noara Second — best comymmjara, kage peryiaaropor Mopa jaa npudary meHa Koja Ha
MIPOU3BOJIUTENOT K€ My OCUTYpa MOKPUBaE HA MPOCEYHUTE TPOLIOUU U HYITAa €KOHOMCKH
npouT (enmMMuHIpame Ha 3arybata) i MC<P. VcraTa e npukaxana Ha ciuka 6.

Llena

MoTpolyBa4ku
BULLOK

3ary6a _— : T —————
Konu4inna

Cauka 6 - Cpaduuku npuka3s Ha First — best u Second — best conyuuja 3a npupoaen MmoHomos

Toukure F u C ce nBara KOHIIENTH Ha ONTHMAJIHOCT, Kajge BO F IeHara € eqHakBa Ha
MapruHATHHOT TPOIIOK U OBO3MOXYBa HajBUCOK MOXKEH NOTpoIIyBauku BUIok (First — best),
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KOja CIIOMHaBMe€ TPETXOHO Jieka He e mpudatiusa 3a [IM. Toukara C ja npercraByBa Second
— best, kage MOTPOIITYBAaYKUOT BHIIIOK € TIOMall U My OBO3MO)KYBa Ha MOHOIIOJIOT Ja paboTh
0e3 3aryou U Jja MpOJI0JDKU CO TTPOU3BOJICTBO, CO IITO CTAaHYBA MOONITUMAIIHA COJTYIIH]a.

3akiay4ok

[TpBHOT YeKOp BO MPOIECOT HA MOPAMHYBAKkE C€ COCTOM O] YTBPAYBamkEe Ha IMO3UIMjaTa Ha
CEKOj yYeCHHK Ha Ma3apoT. 3a Taa IeJ, CEKOj IMPOM3BOJIUTENI MOpa Ja ro NpHjaBH Ha
MOPaMHYBAaYKHOT CHCTEM HETO KOJIMYECTBOTO HAa €HEprHja Koe JOTOBOPWII Jia TO MPOJaJe,
BKJIy4yBajKH ja U €HEprujaTa UCTPryBaHa MPeKy ynpaByBaHHOT HemocpenaeH nazap. Kora of
M3MEPEHNUTE BPEAHOCTH 3a MPOM3BENICHA €JIEKTPUYHA EHEpruja Ke ce 0/13eMaT J0TOBOPEHHUTE
BpEIHOCTH ce jaoOuBa pa3nukarta. JlOKOJKy pasiaukara € IO3WTHBHA, TOAa 3HAYM JIeKa
MPOM3BOAUTENIOT UHjEKTUPAJ IOBEKE OJ1 IOTOBOPEHOTO U U3JIETYBA JIeKa BUILIOKOT EHEpruja ja
nponan Bo cucteMOT. OOpaTHO, JOKOJNKY pa3jMKaTa € HEraTHBHA, HPOHM3BOAHMTEIOT
MH]jCKTU A IIOMAJIKy O/ IOTOBOPEHOTO KOJIMYECTBO U C€ TPETHPA KaKO JIa ja KYIWJI pa3jiuKaTa
0l cucTeMOT. Ha ciuyeH HauMH ce TpeTHpaaT W TOJEMHUTE IMOTPOIIYBayH, TPrOBLUTE H
CHa0yBauunTe.

llenaTa Ha eJeKTpUYHATa €HEpruja 3a MOKpUBAKE Ha Je0aJaHCUTE CE OIpEAyBa IIPEKY
OJHampes yTBpAeHa u o0jaBeHa MeTooJorHja. MeTomonorujata MOKe /1a Ce pa3jiuKyBa O
masap JI0 rasap, HO HayeJlHO Ce HAaCTOjyBa IIEHUTE 3a OTCTAIlyBamara J1a Ouaar TakBH LITO Ke
I'H CTUMYJIMpAaT YYeCHHIMTE Ha Ma3apoT Ja U3paboTyBaaT LITO MOMPEIM3HU MPOTHO3M 32
CBOETO MTPOM3BO/ICTBO/IIOTPOIIIYBAaYKa U JIa TPryBaaT Ha OTBOPSHUOT HEMIOCPEICH ma3ap Ce 10
HETOBOTO 3aTBOPAmE CO LIeN OA00pYBamkbe Ha CBOUTE IMTO3UIIMY, HAMECTO J1a OMIaT MaCUBHU U
na yekaat OIIC na ro HampaBu TOa 3a HUB IPEKY YIPaByBaHUOT HEIOCPE/ICH masap.
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Abstract

Since the advent of 2nd-generation high-temperature superconducting (HTS) tapes which show great features on
critical temperature, critical current density, and critical magnetic field, many researchers have been trying to
generate ultra-high magnetic fields using HTS coils. One more promising technology is a no-insulation (NI)
winding technique. This technique drastically suppresses the possibility of thermal runaway and burning-out of
HTS coils. The interest into compact nuclear fusion magnets wound with HTS conductors is increasing rapidly
within these 5 years. The simulation of such magnets larger than MRI/NMR HTS magnets takes an unfeasibly
long time. Therefore, we present a simple expression of the coil temperature rise under a simple assumption
derived from the simple coil model to investigate the stability of large-scale magnets. The advantages of the
method are simplicity, versatility, and nearly no computation, enabling a reduction of time in first-cut design.
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INVESTIGATION OF TURN-TO-TURN CONTACT RESISTANCES OF
LARGE-SCALE D-SHAPED NO-INSULATION HIGH-
TEMEPERATURE SUPERCONDUCTING MAGNETS TO ACHIEVE
SHORT CHARGNING DELAY AND HIGH THERMAL STABILITY

Haru Sato® and So Noguchi?
'Hokkaido University,
email: haru_sato@em.ist.hokudai.ac.jp
2Hokkaido University

Abstract

To generate ultra-high magnetic fields, a no-insulation (NI) winding technique was proposed by Hahn on 2011.
By removing insulators between turns, the NI winding technique enables a high-temperature superconducting
(HTS) magnets to improve the thermal stability while generating ultra-high magnetic fields. The NI winding
technique has commonly been applied to circular coils for the targets of magnetic resonance imaging (MRI),
nuclear magnetic resonance (NMR), air-core cyclotron called as skeleton cyclotron, and so on. Recently, meter-
class (large-size) D-shaped NI HTS magnets used for compact fusion reactors are under development applying
the NI winding technique. One of critical issues is that large-size D-shaped NI magnets have a long excitation
delay. High turn-to-turn contact resistances on NI HTS coils shorten the charging delay times, although high
turn-to-turn contact resistances deteriorate the thermal stability. Therefore, the relation between the excitation
delay and the thermal stability was investigated on different turn-to-turn contact resistances. Finally, we could
find the appreciate resistances with the short charging time and the high thermal stability for two different sizes
of D-shaped NI HTS coils.

Key words

High-temperature superconducting magnets, no-insulation winding technique, thermal stability, excitation delay,
D-shaped coil

Introduction

A few compact fusion reactors have been under research and development worldwide in recent
years [1]. To miniaturize fusion reactors, high magnetic fields are required in small spaces.
Since Rare-Earth Barium Copper Oxide (REBCO) superconductors show excellent properties
[2]; i.e. a high critical current density under a high magnetic field and a high critical
temperature, REBCO coated conductors have a great potential for high field generation [3]-
[5]. To suppress a normal-state transition or a quench event derived from a hotspot, a no-
insulation (NI) winding technique which is one of the tape-shaped conductor winding
techniques is often applied to high-field REBCO coils as a thermal stability improvement
method [6]. The NI winding technique allows an operating current to directly flow into adjacent
turns through turn-to-turn contact surfaces by removing insulators between turns. The turn-to-
turn currents in the coil-radial direction prevent the operating currents from flowing into
REBCO superconductors with high resistances at hotspots. It enables the Joule heat reduced
drastically comparing with ordinary turn-insulated REBCO coils. The NI winding technique
has already been applied to many small-scale circular REBCO coils [7],[8]. The expectations
are growing for the introduction of the NI winding technique into large-scale D-shaped REBCO
coils for toroidal field (TF) magnets of compact fusion reactors [1],[9]. A critical issue is that
as the D-shaped NI REBCO coils are larger, the charging delay times are longer because of
large leakage currents in the radial direction. Large turn-to-turn contact resistances on NI
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REBCO coils can shorten the charging delay times. Whereas, when a normal-state transition
occurs or a hotspot appears on NI REBCO coils, large turn-toturn contact resistances generate
large Joule heats, and then a quench would follow. Consequently, it is necessary to investigate
the current behaviors of D-shaped NI REBCO coils with a partial element equivalent circuit
(PEEC) model depending on different turn-to-turn contact resistances in the terms of the
charging delay and the thermal stability.

1. D-shaped coils for tokamak-type fusion reactor

A tokamak-type fusion reactor consists of some large D-shaped TF magnets and some other
magnets [10]. In tokamaks, fusion fuel is confined in a plasma state by placing some TF coils
in a torus shape which generate high magnetic fields closed in toroidal direction. Several central
solenoid (CS) coils are also needed at the center to suppress a charge separation. Due to a
spatial constraint on the CS coils, the TF coils are required to be D-shaped instead of circular.
In addition, to suppress the hoop stresses of plasma, the tokamak needs several poloidal field
(PF) coils which generate a magnetic field penetrating up and down. In common, three different
purposes (shapes) of coils are used in tokamak systems. A size of tokamak fusion reactor is not
questionable in making fusion fuel in a plasma state. However, to extract enormous energy
from reactors, enough space must be made in reactors. Hence, tokamak-type fusion reactors
are usually large, comparing with MRI and NMR [4],[7]. Meanwhile, a tokamak-type fusion
reactor which is under R&D at the plasma science fusion center, Massachusetts Institute of
Technology (PSFC, MIT), well-known as the ARC/SPARC project, is much compacter than
the ITER reactor constructed in France [9],[11]. The PSFC succeeded 20-T generation by a
demo HTS TF coil [9]. But, the detailed electromagnetic features are not investigated yet. In
this study, we have investigated about the relation of the excitation delay and thermal stability
on a D-shaped NI REBCO TF coil with different turn-to-turn contact resistances through
simulation.

2. Effect of turn-to-turn contact resistance on excitation delay and thermal stability

The thermal stability of NI REBCO coils is closely related to the turn-to-turn contact
resistances. An HTS coil with the NI winding technique which was proposed by Hahn in 2011
has no insulation between turn-to-turn contact surfaces [6]. Due to mechanical friction, a local
normal-state transition occasionally occurs on a REBCO coil. In the case of a conventionally
turn-insulated REBCO coil, the enforced current flows through a thin copper stabilizer
surrounding the normal-transitioned REBCO layer, emitting extremely large Joule heat.
Subsequently, it leads to burning-out, irreversible mechanical damage, critical current
degradation, or rarely explosion. In the case of an NI REBCO coil, whereas, the enforced
current flows directly into the turns adjacent to the normal-transitioned turn through turn-to-
turn contact surfaces, emitting much less Joule heat. Still, the Joule heat on turn-to-turn contact
surfaces may lower the thermal stability of REBCO coil. Excessive turn-to-turn contact
resistances deteriorates the thermal stability due to large heat generation on turn-to-turn contact
surfaces. The excitation delay time is also closely related to the turn-to-turn contact resistance.
The operating current on NI REBCO coil can flow into both the radial and azimuthal directions.
Therefore, while the operating current of NI REBCO coil increases, some of the operating
current goes into the radial direction according to the balance of the coil inductive voltage and
the turn-to-turn contact resistive one. In addition, it takes a long time for the radial current to
attenuate even after the coil excitation finishes. Consequently, to reach the desired magnetic
field is delayed, as opposed to the operating current, which is called an excitation delay
problem. Since a meter-class (large-size) HTS coil has a large inductance compared to a low
turn-to-turn contact resistance, it may have a long time constant exceeding one hour. The
excitation delay (the time constant) can be improved by increasing the turn-to-turn contact
resistance. In this paper, we investigate appropriate turn-to-turn contact resistances of large-
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size D-shaped NI REBCO coils to improve the excitation delay while maintaining the inherent
thermal stability of NI REBCO coils by simulation coupled with the PEEC model and the
thermal finite element method (FEM).

i =) : Current
. @ : REBCO tape

—m Normal-state transition
‘- contact re: on REBCO NI coil

Fig. 1 Schematic views of the excitation delay and the normal-state transition in a part of NI REBCO coil

3. Electromagnetic and thermal simulation method

As an electromagnetic simulation method, we have employed the partial element equivalent
circuit method (PEEC) model because the finite element method (FEM) well-known as a
conventional electromagnetic simulation method is time-consuming for NI REBCO coil
simulation. In the PEEC model, an NI REBCO coil is subdivided into partial elements in the
REBCO-tape-longitudinal and coil-radial directions. A schematic view of the PEEC model is
shown in Fig.2, where i is the index of local winding PEEC elements, k is the number of turns,
M is the self-/mutual inductances, Re and I are the resistance and current in the REBCO-
tapelongitudinal direction, Rr and I, are the turn-to-turn contact resistance and current in the
coilradial direction, respectively. Rq is the composite resistance of the REBCO superconductor
layer and the copper stabilizer. The REBCO superconductor resistance is computed according
to the 1-V characteristics of REBCO tapes, called the index model. The PEEC method as an
electromagnetic analysis can reproduce a local normal-state transition or a quench event
derived from a local hotspot, with dramatically reducing a computation time compared to FEM
[12],[13]. As the thermal analysis, we employed the FEM method.

REBCO Magnet

Fig. 2 A schematic view of the PEEC method
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In the simulations, two different D-shaped NI REBCO coils were modelled: ~1.12 m (Coil 1)
and ~2.24 m (Coil 2) length. A sudden discharging test and a local normal-state transition test
were applied for each coil with different turn-to-turn contact resistances.

4. Local normal-state transition tests

On the local normal-state transition tests, one of superconducting-state REBCO elements is
enforced into a normal-state one. The temperature rises were investigated for 20 s with the

Table 1: REBCO Tape Condition and Coil Condition

Parameters Value: Coils 1/2
REBCO tape

Tape width [mm] 4.0
REBCO tape thickness [mm] 0.1
Copper stabilizer thickness [um] 20.0
REBCO layer thickness [um] 1.0
Critical current at 77K, self-field [A] 120.0
Pancake coil

Number of turns 60
Flange width [mm] 1.0
Azimuthal element division 19
D-shaped coil

dimensions Arc degree 120.0
of big circle [°]

Arc radius of small circle [m] 0.3/0.6
Arc radius of big circle [m] 06/1.2
Number of pancake coils 1

Table 2: Simulation Condition of Normal-State Transition Test

Parameters Value
Time step [s] 0.01
Simulation time [s] 20
Operating Temperature [K] 30
Operating current [A] 300

operating current of 300 A. The location of normal-state-transitioned REBCO elements is
around the innermost turn of the upper and lower small arcs on the model which has the largest
curvature. These elements experience the highest magnetic field perpendicular to the wide
surface of REBCO tapes. The simulation conditions are listed in Tables 1 and 2.

Fig. 3 shows the temperature rise on Coils 1 and 2. The temperature on Coil 1 exceeds 77 K at
20 s when the turn-to-turn contact resistance is 2100 u€2-cm?, whereas it does not exceed 77
K when the turn-to-turn contact resistance is smaller than 1600 uQ-cm?. Additionally, a rapid
temperature rise is observed around 15-20 s. Fig. 4 shows the current distributions obtained
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with PEEC models. The region of no azimuthal current flow means the occurrence of
normalstate-transition of REBCO superconductors, with high resistances. In the cases that the
turn-toturn contact resistance is 1600 pQ-cm? and 2100 pQ-cm?, a normal-state transition
region on Coil 1 expands over time, which means a formation of hotspots occurred and normal-
state transition region expands. In the case that the turn-to-turn contact resistance is below
1100 uQ- cm?, no expansion of a normal-state transition region appears. Therefore, on Coil
1, the range of turn-to-turn contact resistance below1100 pu€2-cm? is suitable for keeping the
high thermal stability. Likewise, on Coil 2, the range of turn-to-turn contact resistance smaller
than 2100 pQ-cm? is suitable for keeping the high thermal stability.
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Fig. 3 Temperature rise
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Fig. 4 Azimuthal-current distribution on PEEC elements
5. Sudden discharging tests

On the sudden discharging tests, a steady-state current and a steady-state magnetic field are
initially set on the models. Subsequently, after the operating currents are shut down, the time
constants are computed from the attenuating magnetic fields. Since the time constant of the
excitation delay is identical to the time constant of the sudden discharging test, we indirectly
evaluate the time constant of excitation delay in this paper. Tables 1 and 3 list the simulation
conditions.
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Table 3: Simulation Condition of Sudden Discharging Test

Parameters Value
Time step [s] 0.2
Simulation time [s] 300-1100

Operating temperature [K] 30
Operating current [A] 50-0

Figs. 5 and 6 show the results of sudden discharging test. Fig. 6(a) shows that the time constants
rapidly decreases from minute to second order at 100-1000 pQ-cm?. The logarithmic graph of
Fig. 6(b) shows that the time constants are inversely proportional to the contact resistivities.
Based on the results of the normal-state transition test, the appropriate time constants satisfying
the short charging delay while keeping the high thermal stability is 20.0 s or longer on Coil 1
and 44.4 s or longer on Coil 2.
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Fig.6 Time constants with (a) linear scale and (b) logarithmic scale
5. Conclusions

In this paper, we have evaluated the charging delay and the thermal stability of the largescale
D-shaped NI REBCO coils depending on different turn-to-turn contact resistances. Two PEEC
models of D-shaped NI REBCO coils have different sizes: (1) approximately 1.12 m length
and 0.75m width and (2) ~2.24 m length and ~1.51 m width. The current behavior was
simulated with the PEEC model, the thermal one with FEM. Consequently, The turn-to-turn
contact resistances with the short time constant of excitation delay and the high thermal
stability are lower than 1100 pQ-cm? for Coil 1 and 2100 pQ-cm? for Coil 2.
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In the near future, we will also investigate large-scale D-shaped NI REBCO coils with different
types of winding techniques, such as metal insulation and partial insulation.
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Abstract

The induction motors are considered to be the largest electricity consumers worldwide. Therefore, the exact
calculation of their operating characteristics in various operating modes is important for determining their
operation, electricity consumption and the various types of losses that occur during their operation that have the
considerable impact on efficiency of the motors. Paper analyses two models of three-phase squirrel cage induction
motor, modeled in Simulink. The first model is considered to have linear magnetizing characteristic while in the
second model the core saturation is taken into account by introducing the non-linearity of the magnetization
characteristic. The models are analyzed with fifteen percent increased voltage which shifts the operating point
into the saturated part of magnetizing characteristic for the saturated model. The impact of core saturation on
motor current, speed and torque is observed. The obtained results of the transient characteristics from Simulink
are compared with data of current and torque from steady-state models. The core saturation increases the motor
current, losses and decreases the motor efficiency. The areas where the core saturation occurs, mainly located in
stator teethes, are also observed in Finite Element models (FEM). The derived models contribute to the better
understanding of effect of core saturation and its impact on motor operation, thus providing the guidelines for the
motor designers.

Key words
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models

Introduction

Three phase squirrel cage motors can be found in many industrial applications and they still
represent the major portion from all of the industrial motors, in comparison to other types of
motors. Therefore, it is important to calculate as accurate as possible, the operating
characteristics of this type of the motor in various operating regimes (no-load, rated load and
short circuit) as well as to take into account the various operating factors that have impact on
the motor performance i.e. its operating characteristics such as the no-load current, the core
losses or the efficiency factor. One of them is the core saturation that increases the no-load
current and consequently the no-load losses. Furthermore, the core saturation implies higher
magnetizing current, lower power factor and current harmonics feeding back to the line. The
majority of the mathematical models and equivalents circuits of the three-phase squirrel cage
motor do not take into account the core saturation which can be considerably enhanced during
motor operation at lower speeds or at lower frequencies. These can result in noticeable
deviations of the calculated dynamic and static characteristics of the induction motor from real
ones [1]. The steel losses in high saturation mode can reach up to 50 % of the total losses for
induction motor, for transformers more than 20% and for the induction generators with
capacitor excitation about 20-60 % [2]. The saturated model of AC machine with taking
account of harmonic components of air gap flux is presented in [3]. The model is generated
from classical model of AC machine with modification that takes into consideration the
saturation. This modification depends on making the air gap length as a function of the air gap
flux position and amplitude. It is shown that as a consequence of saturation a third harmonic

34



flux component exists and the response of the rotor cage to this component is a third harmonic
current which will create a ripple in total torque [4]. Due to core saturation it is observed
distortions on the air gap flux as a result of non-linear magnetic characteristics that lead to
appearance of space harmonics in the resultant flux density distribution [5]. I. The impact of
magnetic saturation, considering the stator currents and magnetization flux in the (d—q) axis as
a state variables for six-phase induction machine is presented in [6]. If high accuracy is
required, conventional saturation models used in conjunction with equivalent-circuit models
may not be sufficient. In controlled drives, for example, an oversimplified saturation model
may result in poor accuracy of the produced torque or even instability in speed-sensorless
drives. Explicit functions are proposed for the saturation characteristics—including the mutual
saturation in [7]. The inductances become functions of two variables (fluxes or currents) [7].
The power quality has become a paramount in electricity distribution utilities as the voltage
fluctuations may have impact on core saturation which has been analyzed in [8]. Improvement
of the mathematical models of the induction machine and their modeling by taking into account
the core saturation has been present in [9]. According to findings of this research there is an
increase in the starting current of a machine with a nonlinear magnetic characteristic. This can
be explained by the fact that to obtain a certain value of flux linkage in the saturation zone, a
larger magnetizing current is required than to obtain the same value of flux linkage in an
unsaturated machine [9]. This paper presents the Simulink model of three phase squirrel cage
motor where the core saturation has been considered in motor modeling and obtaining the
motor transient characteristics of speed, current and torque. The 2.2 kW three-phase squirrel
cage motor and its parameters have been input in Simulink models of the machine. The
comparison of transient characteristics when motor is operating with core saturation and
without it is presented. The transient characteristics are presented for two typical operating
regimes: no-load and rated load. Adequate conclusions are derived in terms of increase of
motor current when motor core is saturated at no-load operating regime. The increase of current
has impact on increased motor losses and decreased efficiency of the motor. Moreover, the
steady-state characteristics of the motor when it operates with and without saturation are
calculated and presented as well. The obtained data from the steady-state characteristics should
verify the results from Simulink models. The distribution of magnetic flux density in motor
cross-section is presented in motor FEM models, enabling detection of local areas where the
core saturation occurs. The presented analysis is useful in designing electric drive systems,
especially in developing motor protection. Neglecting to take into account the increase of the
current when the motor is saturated can be the reason for arbitrary shutdown of the electric
drive by protection devices.

2. Simulink models and transient characteristics

Simulink models of the asynchronous squirrel cage motor requires motor nameplate data such
as motor power, number of poles, motor inertia but also the motor parameters (the resistances
and reactances) to be input in the Simulnik block that represents three-phase squirrel cage
induction motor (IM). Therefore, IM type: H5AZ 100LA-4 of 2.2 KW was modeled in software
module Rmexprt of Ansys program and its parameters and steady-state characteristics are
calculated. Motor data are presented in Table 1 [10].

Table 1 Motor data

Parameter H5AZ 100LA-4
Output power [KW] 2.2

Rated speed [rpm] 1445
Rated torque [Nm] 14.5
Current [A] 4.8
Power factor [/] 0.76
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Efficiency full load [%] 86.7
Locked-Rotor Torque Ratio [/] 3.5
Locked-Rotor Current ratio [A] 7.1
Break-Down Torque Ratio [/] 3.8

Source: author based on Kon¢ar, Electric motors-catalog

The Simulink model is presented in Fig.1. It contains two machine blocks. The upper machine
block is modeled with saturation. The saturation is incorporated in the machine block by
inputting the no-load charactersitics of the analyzed motor (Fig.2).
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Fig. 1 Simulink model of saturated three-phase squirrel cage motor
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Fig. 2 Accounting for the nonlinear part of the magnetic characteristic at Simulink models

Transient characteristics are simulated for two operating regimes: no-load and rated load. The
transient characteristics at no-load for motor speed, current and torque are presented in Fig. 3.
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The transient characteristics at rated load for motor speed, current and torque are presented in

Fig. 4.
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The effect of core saturation is

enhanced at no-load and evident in transient characteristic of

current. No significant impact of core saturation on motor speed and torque can be observed.

The presented results of Simuli

ink models are compared with the results and characteristics

from the steady state models for their verification.

3. Steady-state and numerical

models

The steady-state characteristics of the IM are calculated in Rmxprt, a software module, in
Ansys program. The motor is modeled based on its geometry and properties of the materials.
The non-linear B-H curve of magnetization of the iron core is input according to the data

presented at Fig. 5.
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The core saturation occurs at increased voltage that shifts the operating point above the knee
of B-H curve. Therefore, the fifteen percent increased voltage than the rated one, is applied at
saturated model in order to study the impact of core saturation on steady state characteristics
of current and torque. The core saturation is even more evident in FEM models that present the
distribution of magnetic flux density in motor cross-section. In Fig. 6 motor current for
saturated and unsaturated machine is presented. In Fig. 7 the motor torque for saturated and
unsaturated model is presented. In Fig. 8 the distribution of flux density in motor cross-section

for no-load operation is presented. In Fig. 9 the flux density distribution for the rated load
operating regime is presented.
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4. Discussion of the results

The Simulink model gives transient characteristics of speed, current and torque for the
saturated and unsaturated motor. From the Figs. 3 and 4 it can be observed that effect of the
core saturation is more pronounced in stator current which is increased, especially at no-load
operating regime. The increased current, increases the motor losses and consequently the
efficiency factor of the motor is decreased. In Fig. 10 is presented the steady -—state
characteristic of the efficiency factor for the saturated and unsaturated model, where it is
evident the decrease of the efficiency in saturated model. Moreover, the motor heating is
increased and the overall motor performance is deteriorated. The core saturation has no impact
on motor speed, acceleration time or the developed torque in both operating regimes: no-load
and rated load. The presented results from Simulink models are verified with the results from
the steady-state models, modeled in Ansys. They are presented in Figs 6 and 7, where for the
specified speed (1495 rpm-no load or 1443 rpm-rated load) the corresponding current and
torque can be read it. The comparison between unsaturated and saturated models in Simulink
and Ansys is presented Table 2.
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Table 2 Comparison between dynamic and steady-state models

Parameter Simulink Ansys
Unsaturated | Saturated | Unsaturated | Saturated
model model model model
Output power [KW] 2.2 2.2 2.2 2.2
Rated torque [Nm] 15 15 14.55 14.55
Rated current [A] 5 6.3 4.4 7
No-load current [A]-rms value 2.1 5.7 1.95 6.4
Efficiency full load [%] / / 86.47 80.8
Rated speed [rpm] 1425 1425 1443 1443

From the presented results in Table 2 it is evident the increase of current in saturated model,
which worsen the power factor and motor efficiency due to increased copper and core losses.
Therefore, the proper design of the motor core is essential for efficient and reliable motor
operation. The last step in the analysis was to present the distribution of magnetic flux density
in motor cross-section by calculating the magnetic flux density with finite element method.
The good design of the induction motor should have cca 1.3-1.4 T in motor yoke and 1.6 to 1.7
T in rotor teethes. Therefore, the FEM models of the saturated and unsaturated motor are
calculated, and according to the results, presented in Figs. 8 and 9, the rise of the flux density
in stator teethes to cca. 1.89 T in the saturated model is evident, which is the value of the flux
density on the knee of characteristic of magnetization or in the beginning of saturated area. The
saturation is simulated by increasing the motor voltage which shifts the motor operation point
above the knee of characteristic of magnetization in order the effect of core saturation on motor
operating characteristics and magnetic flux density distribution to be easily observed. From the
results, presented in Figs. 8 and 9, it can be concluded that the initial design of the machine
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under normal operating conditions with rated voltage is good, the magnetic core of the motor
is properly designed and under these terms, no core saturation is expected to occur. The
saturated models serve as an example to present the effect of the core saturation on the motor
operating characteristics, transient and steady-state. If under rated operating conditions, the
saturation of the magnetic core is observed due to the obtained results from the flux density
distribution in the machine cross-section, then the geometry of the motor should be modified
i.e. increase of core cross-section is recommended. The new motor design with increased
dimensions should again be verified with FEM for the flux density distribution.

Conclusions

The design of the motors is a challenging task involving many different types of parameters
from electric, magnetic and geometrical nature that should be successfully combined in order
to obtain the good design with satisfactory operating characteristics: high efficiency, good
power factor and good overloading capability. Nowadays, the motors efficiency has become
of paramount importance in the world that needs more energy with limited resources. Around
of the half of the electricity consumption worldwide is attributed to the electrical motors, being
the largest electricity consumers. Therefore, the regulations regarding their efficiency, under
various standards worldwide, are becoming more and stricter. One of the factors that have
impact on motor efficiency is the core saturation. The paper has analyzed and presented the
transient and steady-state operating characteristics of the unsaturated and saturated model of
the induction motor obtained from software models in Simulink and Ansys. From results,
presented throughout the paper, it is evident that core saturation increases the motor current,
losses and decreases the motor efficiency. The results from transient and steady-state models
have satisfactory similarity which proves the accuracy of the derived models. In general, core
saturation deteriorates motor performance due to lower efficiency and power factor, increased
losses and heating. The areas of core saturation can be easily detected in the numerical models
by the aid of FEM which calculates the flux density distribution in motor cross-section. In the
saturated model obtained by FEM and presented in the paper, it is evident the increase of flux
density in stator teethes. The core saturation is simulated for increased supply voltage. If such
condition occurs during rated operation of the motor, the revision of motor geometry is
recommended, until the recommendations regarding the flux density in certain areas of motor
cross-section are satisfied.
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Abstract

Electrosurgery is a good alternative to the scalpel or lasers for soft tissue management and would be the method
of choice. Oral electrosurgery is widely accepted throughout the world and has a broad spectrum of clinical
applications. Once the clinician understands the nature of the different waveforms and how electrosurgical
technology relates to clinical results, a comfort level will be achieved making clinical applications safe,
predictable and easy. Electrosurgery can be used instead of the scalpel to cut soft tissues, with the goal of
reducing hemorrhage. Electrosurgery alludes to the delivery of thermal energy in the form of an alternating
current in the radiofrequency range from an electrical generator to the probe tip and the tissues. The heat
generated in the tissue depends on the current intensity, the distance from this tissue to the electrode tip, and the
period during which the RF energy is delivered. Electrosurgery is the passage of high frequency radio waves (RF
energy) into soft tissue resulting in a variety of clinical effects, including cutting, cutting and coagulation at the
same time, coagulation or tissue destruction. Because of the resistance offered by the tissue to the incoming RF
energy, the tissue heats up. The electrode tip never gets hot. In actuality, the water in the cells is boiled causing
the cells to explode. Radiosurgery has also become an unofficial but accepted term referring to electrosurgery
instruments that fall into the higher frequency range of 3-4 mHz (3-4 million cycles per second). Study by Maness
et al. in 1978 concluded that higher frequency electrosurgical units produce less tissue alteration than those
instruments with frequencies under 2 mHz. Higher frequency units produce less lateral heat and, therefore, less
tissue alteration. The optimal frequency appears to be in the 3-4 mHz range. There are numerous indications for
oral electrosurgery and some include bleeding control, cosmetic elongation of clinical crowns, soft tissue
management during crown and bridge procedures, biopsies, frenectomies, pulpotomies, collecting tissue for
gingival grafts, incisions or excisions and tissue contouring. The main goal of this study is to highlight the
principles and benefits of electrosurgery application. Electrosurgery can never completely replace the scalpel,
but it requires more knowledge, skill and complete understanding of the biophysical aspects of the interaction of
electrosurgical energy and tissue. Continued research into the field of tissue interaction is promised and potential
development of applications of electrosurgery.

Key words:

Electrosurgery, bipolar, incision, hemostasis, coagulation, soft tissue management, wound healing.
Introduction

Electrosurgery is a commonly used technique in oral surgery for various purposes. It involves
the use of high-frequency electric current to cut, coagulate, or remove tissue [1] . Here are some
applications of oral electrosurgery: 1. Tissue cutting: Electrosurgery can be used to make
precise incisions in soft tissues. It is often employed in procedures such as excision of soft
tissue lesions, removal of excess gum tissue (gingivectomy), or crown lengthening; 2.
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Hemostasis (control of bleeding): One of the significant advantages of electrosurgery is its
ability to coagulate blood vessels during surgical procedures. The electric current can
effectively seal blood vessels, minimizing bleeding and facilitating a bloodless surgical field,;
3. Soft tissue ablation: Electrosurgery can be used to remove or ablate unwanted or diseased
soft tissues. It is commonly used for procedures such as removal of oral mucosal lesions,
including benign tumors or precancerous lesions; 4. Tissue contouring: In certain cases,
electrosurgery is utilized for tissue sculpting or reshaping. It can help in reshaping gingival
tissues, removing excess tissue, or creating esthetic gingival margins; 5. Frenectomy: A
frenectomy involves the removal or alteration of a frenulum, which is a small fold of tissue that
connects the lips, tongue, or cheeks to the underlying structures. Electrosurgery is often to
perform frenectomies, allowing for precise tissue removal and minimal bleeding; 6. Biopsies:
Electrosurgery can be used to perform incisional or excisional biopsies of oral lesions [2] , [3].
The technique enables the surgeon to obtain a tissue sample for diagnostic purposes while
providing hemostasis during the procedure[4].

Electrosurgery offers several advantages in oral surgery, including precise cutting,
simultaneous coagulation, and the ability to control bleeding. However, it's important to use
the appropriate power settings and techniques to minimize thermal damage to surrounding
tissues. The specific application of electrosurgery will depend on the surgical procedure and
the surgeon's preference and experience [5]. Electrosurgery is an excellent alternative to the
scalpel or lasers for soft tissue management, and in most instances, would be the instrument of
choice. Oral electrosurgery is widely accepted throughout the world and has a broad range of
clinical applications. For those practitioners that want to incorporate electrosurgery into their
routine patient treatment protocols, there is a learning curve that is critical to its
implementation. Once the clinician understands the nature of the various waveforms and how
electrosurgical technology relates to clinical results, a comfort level will be reached making
clinical applications safe, easy and predictable[6]. Electrosurgery is the passage of high
frequency radio waves (RF energy) into soft tissue resulting in a variety of clinical effects,
including cutting, cutting and coagulation at the same time, coagulation or tissue destruction.
Because of the resistance offered by the tissue to the incoming RF energy, the tissue heats up.
The electrode tip never gets hot. In actuality, the water in the cells is boiled causing the cells
to explode. Dorland’s Medical Dictionary defines radiosurgery as, “surgery in which tissue
destruction is performed by means of ionizing radiation rather than surgical incision.” It usually
involves implanted radioactive material. However, radiosurgery has also become an unofficial
but accepted term referring to electrosurgery instruments that fall into the higher frequency
range of 3-4 mHz (3-4 million cycles per second) [7]. study by Maness et al. in 1978 concluded
that higher frequency electrosurgical units produce less tissue alteration than those instruments
with frequencies under 2 mHz. To reach a level of confidence and competence, the clinician
needs to understand how to control lateral heat. Lateral heat is the build up of heat in the tissue
adjacent to the active electrode. The practitioner must learn to guide and control the RF energy
entering the tissue so that enough heat is produced to accomplish the task at hand without
creating additional heat that will cause tissue alteration or destruction [8]. The control of lateral
heat depends on various factors that are depicted in the following formula. As long as the
formula is kept in balance and the clinician stays within acceptable parameters, electrosurgery
will be safe and effective.

Critical to successful electrosurgery is working with a “tuned” unit. To tune your
electrosurgical unit, set it up in the room where it will be routinely used [9].

The appropriate waveform must be chosen and preset by the practitioner depending on the
clinical procedure. For some procedures, a combination of waveforms may be utilized. The
coagulation wave (partially rectified) produces the most amount of lateral heat. The cut + coag
wave (fully rectified) produces less lateral heat, and the cut (filtered) wave produces the least
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amount of lateral heat. So, the cut setting would be the waveform of choice when working near
bone or implants, when performing biopsies or when tissue shrinkage is of concern.
Frequency is the one factor in the lateral heat formula that is controlled o

nly once by the clinician—when he/she purchases an electrosurgery instrument. The lower
frequency electrosurgical units usually seen in a hospital OR (.5 mHz) require that the antenna
(passive electrode) contacts the patient’s skin with an applied jelly for better conduction. The
higher frequency dental units require no skin contact. Higher frequency units produce less
lateral heat and, therefore, less tissue alteration. The optimal frequency appears to be in the 3-
4 mHz range. Once the practitioner understands radiosurgical instrument and how to control
its radio frequency energy, a comfort zone will be reached, and both the patient and dentist will
benefit[10].

1.Materials and Methods
Research strategy

For this narrative article review on the use of electrosurgery in oral surgery, a comprehensive
search of relevant literature was conducted using electronic databases, including PubMed and
Google Scholar. Keywords such as electrosurgery, bipolar, incision, hemostasis, coagulation,
soft tissue management, wound healing , were used to identify relevant articles published in
peer-reviewed journals. The inclusion criteria encompassed studies, clinical trials, and reviews
published in the English language from the past 10 years. Articles focusing on the materials,
methods, techniques, and advancements in electrosurgery in the context of oral surgery were
prioritized. The retrieved articles were meticulously analyzed, and relevant information was
extracted and synthesized to provide a comprehensive overview of the topic. Additionally,
textbooks, surgical guidelines, and manufacturer's literature were consulted to supplement the
literature findings. The narrative review aims to present a balanced and informative discussion
on the methods, advancements, clinical outcomes, and patient benefits associated with the use
of electrosurgery in oral surgery.

2.Evaluation and results

The reviewed articles consistently highlighted the widespread usage of electrosurgery in
various oral surgery procedures, such as soft tissue surgeries, gingivectomy, frenectomy, and
periapical surgery. Electrosurgical system contain electrosurgical unit as a generator with
active electrodes (Fig.1) At it’s frequency, muscles and nerves are not affected, and heat is
created at the cellular level. The heat created is responsible for the cutting and coagulation
effect that is experienced.

Fig.1 Electrosurgical unit
Source:www.praxisdienst.com
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Electrosurgery was reported to be effective in achieving hemostasis, precise tissue cutting, and
coagulation during these procedures. The use of electrosurgery was particularly beneficial in
reducing intraoperative bleeding, postoperative edema, and operative time when compared to
traditional surgical techniques. The safety of electrosurgery in oral surgery was a major focus
in the reviewed studies. Although electrosurgery was generally considered safe, the articles
emphasized the importance of proper technique, appropriate power settings, and good clinical
judgment to minimize potential complications. The most commonly reported complications
included thermal damage to adjacent tissues, delayed wound healing, and postoperative pain.
However, these complications were generally mild and manageable with proper postoperative
care. Several studies assessed patient satisfaction and postoperative outcomes following oral
surgery procedures involving electrosurgery. Overall, patients expressed high levels of
satisfaction with the outcomes, reporting minimal postoperative pain, improved healing, and
reduced complications compared to conventional techniques. The use of electrosurgery was
associated with improved esthetic outcomes, reduced scar formation, and enhanced wound
healing. Based on the reviewed literature, electrosurgery is a valuable tool in oral surgery,
providing effective hemostasis, precise tissue cutting, and coagulation. Despite potential
complications, when used with proper technique and settings, electrosurgery offers advantages
in terms of reduced bleeding, shorter operative time, and improved postoperative outcomes.
Future research should focus on optimizing electrosurgical techniques, exploring new
advancements in technology, and conducting long-term follow-up studies to evaluate the safety
and efficacy of electrosurgery in oral surgery procedures.

The authors of the reviewed articles provided valuable insights and discussions regarding the
usage of oral electrosurgery. Here are some key points raised by the authors: 1. Effectiveness
and Advantages: The authors consistently acknowledged the effectiveness of electrosurgery in
achieving hemostasis, precise tissue cutting, and coagulation during various oral surgery
procedures. They highlighted the advantages of electrosurgery, such as reduced intraoperative
bleeding, improved visibility, shorter operative time, and enhanced postoperative outcomes.
The ability to control bleeding and achieve accurate tissue cutting were considered significant
benefits of electrosurgery; 2. Safety Measures and Complications: The authors emphasized the
importance of adhering to safety measures and proper techniques when using electrosurgery in
oral surgery. They highlighted the need for appropriate power settings, good clinical judgment,
and adequate training to minimize potential complications. While thermal damage to adjacent
tissues, delayed wound healing, and postoperative pain were reported as possible
complications, the authors indicated that these complications were generally mild and
manageable with proper postoperative care; 3. Patient Satisfaction and Outcomes: The authors
discussed patient satisfaction and postoperative outcomes following oral surgery procedures
involving electrosurgery. They reported high levels of patient satisfaction, citing minimal
postoperative pain, improved healing, reduced complications, and enhanced esthetic outcomes
compared to conventional techniques. The authors emphasized the positive impact of
electrosurgery on wound healing, scar formation, and overall patient experience; 4.
Optimization and Future Research: The authors acknowledged the need for further research to
optimize electrosurgical techniques in oral surgery. They called for studies focusing on refining
the power settings, exploring new advancements in technology, and conducting long-term
follow-up evaluations to assess the safety and efficacy of electrosurgery. The authors
highlighted the importance of ongoing research to improve outcomes and address any potential
concerns or limitations associated with electrosurgery.
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3.Discussion

Although in the scientific literature review there are some articles on oral electrosurgery, its
clinical applications are numerous. Electrosurgery is used in many fields of dentistry, and we
believe it is appropriate to study in deep its in clinical field. The benefits and better control of
intraoperative complications and risks can lead clinicians to increasingly use electrosurgery in
everyday clinical practice[11], [12].

In Nixon et al. gingival incisions were performed on 25 adult male guinea pigs. For every
animal, an electrosurgical scalpel was used on one side and a conventional scalpel was used on
the other side. However, in this study, only one surgical method was applied to each rat in order
not to affect wound healing.

Rathofer et al. compared electrosurgery with scalpel for the excision of inflammatory papillary
hyperplasia using questionnaires to assess pain and patients’ perception of the postoperative
period. Most patients did not feel pain during either technique, but the pain and discomfort
after the application of electrosurgery lasted longer than with the conventional scalpel.

Sinha et al. reported that limited hemostasis was obtained with the use of conventional scalpel,
but buffering with gauze was needed. They also suggested that use of an electrosurgical device
provided better hemostasis compared to CO2 laser and conventional scalpel[13].

Kalkwarf et al. showed that lateral heat production adjacent to a fine wire needle electrode
emitting fully rectified-filtered current was dependent upon the time of incision. They also
demonstrated that three successive incisions into the same site dramatically increased the
amount of lateral heat production (8.0 - 48.00C) at a distance of 1 mm from the electrode. The
authors demonstrated that a cooling period of at least 8 seconds between subsequent incisions
in the same area is necessary to assure that lateral heat production capable of initiating adverse
tissue responses does not occur. The same group, in a separate study, found that an activated
loop electrode generated more energy during surgery than a needle electrode. Temperature
increases in the adjacent tissue following use of the loop remained for longer periods of time
than after use of a needle electrode. They calculated that a cooling interval of 15 seconds was
necessary to properly dissipate heat between successive entries into the same area of tissue
with a loop electrode. Size and type of active electrodes the thicker the electrode, the greater
the amount of lateral heat. In a study of electrosurgical wounds, it was reported that the needle-
type electrode, which is used for incisions, creates a 0,12-mm-wide necrosis, and the loop
electrode, used for tissue planing, makes a 0.31- mm-wide necrosis. The same report also
concluded that large electrodes cause more tissue damage than small ones. Wave form the
choice of waveform depends on (1) the required Surgical effect, i.e., whether tissue separation
or hemostasis is required, and (2) the proximity of bone to the surgical site. The fully rectified
waveform produces excellent tissue separation with the least amount of lateral heat, but it also
produces very little hemostasis (Fig.2). The fully rectified, unfiltered waveform produces good
tissue separation with effective hemostasis.
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FIG 6.4 Different waveforms produce different tiss

Fig.2 Different waveforms produce different tissue effects
Source://www.steris.com/

The partially rectified waveform produces much more lateral heat than the fully rectified,
unfiltered waveform: therefore, it can be used only for the control of hemorrhage in soft tissue
ecutting time, The quicker the active electrode is passed over the tissue, the lesser the lateral
heat. It has been estimated that to generate an effective incision, while keeping the lateral heat
at a minimum level, the electrode must be guided over the tissue at a speed of 7 mm/s. The
active electrode must not remain in contact with tissue for more than 1 to 2 seconds at a time
and successive applications of the electrode on the same spot must have a 10 tol5 seconds
interval. This interval allows the heat produced on the wound to dissipate and prevents
overheating of the tissue surface before the next application of the electrode. Surface tissue
condition. The surface of the tissue must be moist to allow heat dispersal. A dehydrated tissue
surface causes sparking, tissue drag, and delayed healing. Therefore, it is desirable for the tissue
surface to be wetted with the patient's own saliva or water or saline. Irrigation of the surgical
site immediately after ES will also help to minimize lateral heat[14], [15].

Conclusion

Electrosurgery can never completely replace the scalpel, but it requires more knowledge, skill
and complete understanding of the biophysical aspects of the interaction of electrosurgical
energy and tissue. Continued research into the field of tissue interaction is promised and
potential development of applications of electrosurgery. Overall, the authors expressed positive
views on the usage of oral electrosurgery, recognizing its effectiveness, advantages, and patient
satisfaction. They also emphasized the need for proper techniques, safety measures, and further
research to optimize the use of electrosurgery in oral surgery procedures.
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Abstract

This research paper thoroughly examines the fundamental principles and design concepts of molten salt thermal
energy storage systems, focusing on the critical role of materials selection in choosing the appropriate material
for the application. We also discuss the basic design components of these systems when integrated with renewable
technology and classify practical systems by their applications.

Based on our analysis, we conclude that solar technologies with molten salt storage systems are particularly
promising for practical implementation, and the two-reservoir type system utilizing the sensible heat storage
method of molten salt is regarded as the most commercially viable and mature electrothermal storage system
available. Solar salt is also considered the best choice for these systems due to its low cost and high energy density.
The idea of retrofitting fossil fuel plants with molten salt storage systems is also mentioned. Overall, molten salt
thermal energy storage systems have the potential to play a crucial role in future energy systems, and further
research and development in this field is essential for maximizing the potential of these systems and achieving a
sustainable energy future.

Keywords:

molten salt, thermal energy storage, two-tank sensible heat storage, design concept, material selection,
performance evaluation

1. Introduction

As a promising solution for the integration of renewable energy sources into the power grid,
molten salt thermal energy storage systems have been of interest to scientists and energy
experts alike. In the energy industry, the intermittent nature of renewable energy sources, such
as solar and wind power, is a major challenge. This challenge can be overcome by storing
excess renewable energy generated during peak periods in molten salt thermal energy storage
systems and use it when demand is high. This topic of research has become a crucial issue in
recent years as societies worldwide seek to reduce their reliance on fossil fuels.

Molten salt storage systems are a type of thermal energy storage system that utilizes a mixture
of salts as the storage medium to store thermal energy at high temperatures. These systems
offer several benefits, including high energy density, cost-effective, and non-toxic behavior.
They are also highly scalable, making them an excellent option for large-scale renewable
energy projects. Additionally, due to their high temperature range and compatibility, molten
salt storage systems are an excellent candidate for use with a wide range of solar energy
technologies, including concentrated solar power, solar photovoltaics (PV), and hybrid solar
thermal electric and PV plants with thermal storage [1] - [6], [8] — [10], [13] — [16], [21]. The
use of molten salt thermal energy storage systems enables the electrothermal storage of large
amounts of energy ranging from megawatts to gigawatts in the energy industry. At present, the
two-reservoir type system utilizing the sensible heat storage method of molten salt is regarded
as the most commercially viable and mature electrothermal storage system available. This
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concept of thermal energy storage systems that utilize solar energy, depending on the specific
solar technology used, the working fluid — heat transfer fluid (HTF) can be molten salt,
synthetic oil, water, or steam [4]. In some solar thermal power plants, such as those that use
parabolic trough technology, synthetic oil or steam is used as HTF, while in solar tower
technology, molten salt is used both as the storage medium and the working fluid (air and steam
can also be used as working fluids). In others, such as those that use linear Fresnel technology,
steam is used as the working fluid to generate electricity.

The purpose of this paper is to examine the topic of molten salt thermal energy storage for
renewable energy, focusing on system design, materials, and performance. We will begin by
reviewing the current state of the field and highlighting some of the key challenges and
opportunities of these systems. Then, we will discuss molten salt systems in detail, describing
their design principles, materials properties, and performance characteristics. In addition, we
will explore the factors that influence heat transfer, thermal stability and corrosion resistance.
Lastly, the paper will discuss potential future developments in molten salt thermal energy
storage systems and their implications for renewable energy.

2. Fundamental Principles

Molten Salt Thermal Energy Storage (MSTES) has emerged as a prominent technology for
storing thermal energy derived from renewable energy sources, particularly wind and solar
power. The essence of MSTES lies in harnessing the superior heat storage and transfer
properties of molten salts, which exhibit an exceptionally high specific heat capacity, enabling
them to absorb and dissipate significant quantities of heat while undergoing only minimal
temperature fluctuations.

MSTES systems are composed of several key components, including a storage tank, heat
exchangers, and a fluid circulation system [3]. During the charging phase, MSTES systems
utilizes renewable energy to heat the molten salt in the storage tank. Subsequently, the heated
molten salt is transported through heat exchangers, where it transfers heat to a HTF such as
water or steam (or other HTF as described previously). This HTF can then be utilized to
produce electricity or stored for future use. The discharging phase involves the reverse process,
where the HTF is utilized to heat the molten salt, which is then conveyed back to the storage
tank [5].

The effectiveness of MSTES systems is influenced by several factors, including the selection
of the molten salt, the design of the storage tank and heat exchangers, and the efficiency of the
HTF. Among these factors, the thermal characteristics of the molten salt play a crucial role in
determining the operating temperature range and the amount of heat that can be stored. The
selection of an appropriate molten salt is a critical factor in achieving high efficiency and long-
term durability. Factors that must be considered during the selection process include the molten
salt's melting point, specific heat capacity, thermal conductivity and corrosiveness [6]. These
properties play a crucial role in determining the overall performance of the MSTES system.
Furthermore, to achieve optimal performance, it is imperative to design the storage tank and
heat exchangers with careful consideration of the heat transfer efficiency and heat loss
minimization. A well-designed system can enhance the transfer of heat between the molten salt
and the heat exchangers, leading to improved overall efficiency. It is worth noting that the
choice of the HTF fluid is an equally critical aspect that cannot be overlooked in the design of
MSTES systems. The fluid should exhibit high heat transfer coefficient and low viscosity to
facilitate efficient heat transfer between the molten salt and the heat exchangers. By doing so,
it is possible to achieve optimal heat transfer performance and maximize the efficiency of the
MSTES system.
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The selection of appropriate materials is a factor of vital importance that plays a significant
role in the design of MSTES systems. It is essential to choose materials that can withstand the
high temperatures and corrosive nature of molten salts to ensure the long-term durability and
reliability of the system. When selecting materials for the construction of the storage tank and
heat exchangers, several factors must be considered, such as thermal stability, corrosion
resistance and mechanical strength. Carbon steel, stainless steel, and nickel alloys are some of
the materials that have been used in MSTES systems due to their ability to withstand high
temperatures and resist corrosion [7]. In addition to material selection, it is also crucial to
consider the design of the storage tank and heat exchangers. Proper design can further enhance
the durability of the materials by minimizing exposure to corrosive molten salts and optimizing
heat transfer efficiency. Overall, material selection is a critical aspect of designing MSTES
systems, and careful consideration must be given to ensure the long-term performance and
reliability of the system.

While there have been significant advancements in the development of MSTES systems,
ongoing research is necessary to address the challenges associated with these systems and
identify opportunities for further improvements, ultimately supporting the transition to a more
sustainable energy future.

3. The Design Concept of Molten Salt Thermal Energy Storage Systems with Optimal
Performance and Durability: The Critical Role of Materials Selection in Choosing the
Appropriate Material for the Application

In addition to the concept of storage [8] (Fig. 1), the classification of high-temperature MSTES
systems is an important consideration in the design of energy storage systems. These systems
can be classified as either active or passive, depending on their mode of operation. Active
systems involve the use of external energy inputs to maintain the desired storage temperature,
while passive systems rely on the inherent thermal properties of the storage material to maintain
the desired temperature. High-temperature MSTES systems can also be classified as direct or
indirect, depending on the nature of the heat transfer process. In direct systems, the storage
material is in direct contact with the HTF, while in indirect systems, the HTF is separated from
the storage material by a heat exchanger. High-temperature thermal storage systems (direct and
indirect systems), including molten salt storage systems and concentrated solar power (CSP)
technologies are illustrated in Fig. 3 (a) and (b).

MSTES systems are designed to operate in different modes depending on the energy
requirements and availability of the system. These systems consist of primary and secondary
charge and discharge cycle subsystems, which work in tandem to provide the energy storage
capacity of the system. An example is given for the concentrated solar technology. During
charging, energy is transferred from the solar receiver (or other solar, and wind technology) to
the hot storage tank, while during discharge, energy is extracted from the hot storage tank and
transferred to the power block for conversion to electricity. The system is designed to maintain
a constant temperature in the hot storage tank, which is achieved by recirculating the molten
salt through a heat exchanger. The system also includes a cold storage tank, which stores the
cooled molten salt until it is needed for the next charging cycle. The entire process is illustrated
in Fig. 2 and is further described below.
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CONCEPT OF STORAGE
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Fig. 1. Classification of storage concept for MSTES systems
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Fig. 2. Construction of subsystems for energy storage and operational mode utilizing MSTES systems

As shown in Fig. 2, MSTES systems are characterized by three modes of operation: charge,
storage (standby) and discharge. Carnot batteries [11], [14] is a term commonly used to
describe the three operating modes of molten salt energy storage systems.

1. Charge mode: during the charge mode, heat is transferred to the molten salt, usually
through direct solar heating or indirect heating through thermal oil or steam (or through
the other forms listed in the Fig. 3), raising the temperature of the salt and storing heat
energy.

2. Storage mode: after the molten salt is heated, it is stored in a thermal capacity, a hot
tank where it can be kept at a high temperature until it is needed for later use (generation
of electricity).

3. Discharge mode: When the stored thermal energy is needed, the salt is pumped from
the hot reservoir to a cold reservoir and passes through a heat exchanger, transferring
the thermal energy to a secondary fluid, such as water, which generates steam and
drives the turbine for electricity production.

The third segment of the secondary discharge cycle subsystem in a molten salt energy storage
system typically includes a combined thermodynamic cycle that utilizes both the Rankine and
Brayton cycles.These two thermodynamic cycles are used to produce electricity supported by
heat to energy reconversion processes.

When renewable energy is available, it can be used to power electric heaters, which transfer
the salt's energy into heat by a process known as energy-to-heat conversion. When energy is
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needed, the heat stored in the salt can be used to generate electricity through the Rankine cycle.
It allows the thermal energy stored in the salt to be converted back into electrical energy by
reconversion during discharge operation mode.

On the other hand, the reconversion of heat into energy during discharge operation mode is
also performed by the Brayton cycle with a closed loop that uses gas under pressure (air as the
working fluid). This reconversion process follows the energy to heat conversion process with
the use of high temperature heat pumps for efficient conversion of renewable energy to heat in
the molten salt in charge mode operation.

Molten salt is a desirable option for sensible heat storage material in high-temperature
(>100°C) thermal applications [12]. Its advantages make it a potential candidate for integration
into thermal systems together with technologies that are commercial, mature (e.g., CSP, PV)
and used to serve services at the power grid level. For a more comprehensive discussion of the
thermophysical properties of molten salts as a heat storage media and HTF, further details can
be found in [13].

Different types of molten salts that are used are: nitrates, chlorides, carbonates, fluorides, etc.
These different types of salts have special properties that make them suitable for specific
system designs. Table 1 summarizes some of the important features with an overview of the
specific properties and cost of several selected molten salt mixtures. More properties can be
found in the literature [14] — [17].

Table 1 Molten salts for high-temperature applications of thermal storage systems

Acronym Molten Salt Tm [°C] Tmax [°C] Co[JgTKY  plgem®  Tsap Cost ($
Composition [wt%6] [°C] kg?)
Solar Salt KNO3 — NaNO3 220-240 530-565 1.55 [400°C] ~1.84 600 0.5
(40-60) [400°C]
Hitec KNO3 - NaNO2 —
NaNO3 142 450-540 1.54 [400°C] 1.79 535 0.73
(53-40-7) [400°C]
HitecXL Ca (NaNO03)2 —
KNO3 — NaNO3 130-140 460-500 1.43 [400°C] 191 / 1.19
(42-43-15) [400°C]
LiNaK Li2CO3 — Na2C0O3 -
carbonates K2CO3 397 >650 1.85 [700°C] 1.98 800- 25
(32-33-35) [700°C] 850
LiNaK KF- LiF- NaF 454 >700 1.89 [700°C] 2.02 >700 >2
fluorides (59-29-12) [700°C]
ZnNaK ZnCI2 — NaCl - KCI 204 >700 0.8 2.02 850 0.8
chlorides (68.6-7.5-23.9) [300-600°C]  [600°C]
MgNaK MgCI2 — NaCl — KClI 380 800 ~1.84 ~1.84 >800 <0.35
chlorides (68.2-14.0-17.8) [500-800°C]  [600°C]

Source: Data are based on literature [14] — [17]
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Fig. 3. This schematic illustration displays examples of direct and indirect storage in solar thermal
systems that incorporate CSP technology. The direct system depicted in (a) uses molten salt as both the
transfer and storage medium, with a solar field comprising heliostats focused on a solar tower. In
contrast, the indirect system illustrated in (b) utilizes synthetic thermal oil as the HTF and molten salt as
the storage medium. The solar field in this system is composed of parabolic collectors.

Image data has been modified accordingly [9], [10]

The temperature range of the various molten salt compositions (Table 1) shows different
temperatures that define the limits of their use. These limits are defined as the melting
temperature T and the maximum operating temperature Tmax. The melting temperature for
selected molten salts varies from 130-454 °C, depending significantly on the type of anion and
cation composition [3]. The Tmax Value is the maximum temperature at which the molten salt
composition can withstand certain conditions such as thermal decomposition, high vapor
pressure or high corrosion rate [15]. The table also shows values of heat capacity C, and density
p, and their product is equal to the volumetric heat capacity which determines the size of the
sensible heat storage system. The volumetric heat capacity Cp - p varies with values from 2.9
to 3.8 J cm™ K1, which are important as a characteristic for the transfer heat fluid. The last
value in the table is the material price, which is expressed in dollars kg, which together with
the heat capacity and the temperature difference between charging and discharging AT,
constitute the specific material investment cost (dollars kwh™).

A molten salt mixture consisting of 60% by weight of sodium nitrate (NaNO3) and 40% by
weight of potassium nitrate (KNO3), also known as solar salt or nitrate salt [2] — [6], [9], [10],
[12], [14] — [17] has emerged as a practical and proven choice especially for solar thermal
energy storage systems. Solar salt boasts a low cost and excellent thermal performance, making
it an attractive option for thermal applications that use both direct and indirect storage systems,
with particular attention to CSP and PV technologies. This molten salt mixture has a melting
point in the range of 220-240 °C, depending on the measurement conditions with a temperature
stability of ~560 °C.

3.1 Basic Design Components of Molten Salt Thermal Energy Storage Systems Integrated
with Renewable Technology

Example Table 2 outlines the main components and description for a MSTES.
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Table 2 Main and basic components of a molten salt thermal energy storage system

Component Description

Storage Central component of the storage system. Material: Stainless steel (or are lined

Tank with insulating materials to minimize heat loss). It is important to follow typical
design standards such as API. For cold storage tanks, carbon steel (ASTM A-
516 Gr.70) is commonly used, while stainless steel (ASTM A-347H or ASTM
A-321H) is used for hot tanks that need to withstand higher operating
temperatures [14].

Heat Transfers heat between the molten salt and other components of the thermal
Exchange energy system. Materials such as nickel alloys or ceramics are often used for this
rs purpose [18].

Pumps Responsible for circulating the molten salt through the system to transfer heat
and store energy. There are typically two types of pumps used in a molten salt
storage system.

- Charge pumps: These pumps are used to fill the storage tank with molten
salt at the beginning of a storage cycle [14]. They are typically
centrifugal pumps [19] and are designed to handle the high temperatures
and corrosive nature of molten salt.

- Circulation pumps [20]: Circulation pumps are utilized to move the
molten salt through the system during charging and discharging cycles
when the storage tank is filled. These pumps are typically positive
displacement pumps and are designed to manage high temperatures and
flow rates.

Materials such as stainless steel or nickel alloys are typically used for the pumps,
and they must be designed to prevent leakage and minimize the risk of corrosion.

Insolatio  Reduces heat loss from the thermal energy storage tank and prevents the molten

n System salt from solidifying. The isolation system typically consists of insulation
materials, valves, and expansion joints. Insulation materials such as ceramic
fiber or mineral wool are commonly used in molten salt storage systems [21].

Freeze The freezing protection system in a molten salt storage tank is crucial to maintain
Protectio the temperature of the salt above its melting point, which is typically around
n System  220°C to 260°C, depending on the composition of the salt mixture. Below this
temperature, the salt can freeze and cause blockages in the system, which can
damage the equipment and affect the performance of the molten salt system [14].

Generato The generator unit is a critical component of a molten salt storage system

r Unit because it allows the stored thermal energy to be converted into a usable form
of energy that can be dispatched to the grid as needed. The generator unit
typically consists of a heat exchanger, a turbine, and a generator. The heat
exchanger is used to transfer the heat from the molten salt to a working fluid,
such as water or steam. The working fluid is then used to drive a turbine, which
in turn drives a generator to produce electricity.

In the design and implementation of a molten salt storage system integrated with renewable
technology, it is crucial to ensure that the system components and specifications are tailored to
the specific needs and requirements of the project. While the main components outlined in the
table provide a general guideline, the unique conditions and constraints of each project may
require modifications or alternative solutions. To ensure the success of the project, it is
recommended to consult with a professional engineer or contractor with expertise in molten
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salt thermal energy storage systems. This will help to ensure that the system is designed and
installed correctly, and that any potential issues or challenges are identified and addressed early
in the process.

4. Applications of Molten Salt Thermal Energy Storage Systems for Various Power
System Applications and Classification of Practical Systems

The key characteristics highlighted in Table 3 provide a detailed framework for assessing the
capabilities and limitations of molten salt storage systems, considering factors such as power
output, cycle life and response time. These metrics are essential for understanding the
performance of these systems in various contexts, and for optimizing their design and operation

to meet specific application requirements.

Table 3 Key characteristics of molten salt thermal systems for power system

applications
Application Power [MW)] Discharge Time Cycles Response Time
[daily]
Energy >100 hours to days 0.14-0.7 minutes
Management
Support of
Renewable <100 and above hours 05-2 minutes
Energy Sources
Investment ~10 - 500 2 —5 hours 0.75 - hours
Deferral 1.25
Black Start 0.1-400 hours <1 per < 1 hour
year
Load Following 1-2,000 15 minutes to 1 1-29 < 15 minutes
day
Spinning
Reserve/Non- 102,000 15 minutes to 2 05-2 < 15 minutes
Spinning Reserve hours
Waste Heat 1-10 12 hoursto 1 1-20 < 10 minutes
Utilization day
Combined Heat 1-5 minutes to hours 1-10 < 15 minutes

and Power

Thermal energy storage systems using molten salt can be classified into several types according
to their practical applications [1] — [6], [8] — [10], [13] — [16], [21]. MSTES systems are
classified as follows:
Molten salt thermal energy storage systems with thermal electric parabolic trough

collectors.
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e Molten salt thermal energy storage systems with thermal electric solar receivers.

e Molten salt thermal energy storage systems with hybrid solar thermal electric and PV
plants.

e Systems for pumped-thermal energy storage in molten salt.

e Molten salt thermal energy storage systems for conversion of fossil fuel power plants.

5. Conclusion

In conclusion, molten salt thermal energy storage systems are emerging as a promising solution
for renewable energy integration and electrification. With the critical role of materials selection
and system design, these systems can achieve optimal performance and durability in various
power system applications. The fundamental principles of these systems are based on the
unique properties of molten salt, which enable low cost, high energy density, thermal stability,
and efficient heat transfer. The design concept of these systems must carefully consider the
materials selection, system integration with renewable technology, and practical
implementation of different types of systems. Solar technologies with molten salt storage
systems are particularly promising for practical implementation, while retrofitting fossil fuel
plants can further accelerate the transition to a sustainable energy future. Based on current
research and industry trends, the two-reservoir type system with sensible heat storage method
using solar salt is currently the most commercially available and mature electrothermal storage
system, and it is expected to play a key role in future energy systems.
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AnCTpaKkT

Jlacepckama mexnonoauja cmanysa cé nONONYIAPHA 60 CIMOMAIONOUJAA 80 NOCIEOHUME HEKOAKY OeyeHUU.
Henmannume nacepu nocedysaam MHOWMBO HA UHOUKAYUU KOU Ce u38edyeaam 80 CeKojoHesama
CMOMAMONOWKA NPAKCA, BKIAYUYBAJKU MPEMMAH HA NapoOoOHmanHume 3a601ysara (lacepume modxce 0d ce
KOpUCmam 3a Omcmpany8arse Ha UHPAAMUPAHOMO UHSUBATHO U NAPOOOHMATHO MKUBO U 3d NPOMOBUPAIbe HA
pacmom Ha 30pasomo mMKU6o); OMCMPAHy8are HA KAPU3OHUMe Ae3uu (1acepume Modice 0a ce KOPUcmam 3a
omcmpanysarbe Ha Kapuecom Ha 3abume, b6e3 ynompeba 00 anecmesuja); bererve na 3a0u (1acepume modxce 0d
ce Kkopucmam 3a aKmusuparse Ha cpeocmeama 3a beiere u no0oopysarbe Ha eUKACHOCMA Ha MPemManume 3a
benerve Ha 3abume); 3a uzsedysaroe Ha Ouoncuja (nacepume modice 0a ce KOPUCMAm 3a OMCMPAHYBAFE HA MATU
npumepoyu 00 MKUo 3a buoncuja), npoyedypu Ha mexume opainu mxuea(Jlacepume mooice da ce kopucmam 3a
npeobnuKysarbe Ui OMCmMpanyearse Ha MKUeomo HA Henyama 3a 0a ce nododpu u32nedom Ha HACMEesKaAma,).
Hajsascnu 3a cnomenysare ce npudoduskume 00 ynompebama Ha jacepu 60 CHOMAMOIO2UjAmMa 00 Kou
Haj3HayajHu ce HaManeHa GOIKA U HENPUjamHOCH Kaj NAyueHmom, HAMAIeHo Kpeapere u noop3o epeme Ha
3a3dpasgysarse. Jlacepume ucmo maxa modtcam oa o6uoam nonpeyusHu 00 MpaouyUOHAIHUME CINOMAMONIOUKY
AnAmMKU, WMO 0803MONHCYEA SHAUUMETHO NOKOH3EPEAMUBEH MPEMMAH.

KayuHu 300poBu:

be3605H0, edhukacnocm, npeyusHoCcm, idacep, mpemman
1. Bogsen

VYnorpebara Ha CBETJIMHATAa BO JUJarHOCTHUYKH M TEPANEBTCKU MPOLEAYpPH AaTHpa MHOTY
onamHa. [I[peBHUTE JIeKapH ja KOpUCTene 3a Ja ja cienaT 0ojaTa Ha KokaTa, Jla o cienaT
IIPOLIECOT HA 3apACHYBAaKkE HA PAHUTE M Ja CE€ H3BEAYBAaaT pPa3jIMYHU TEPAIEBTCKUTE
akTUBHOCTH. VICTO Taka, TOIUIMHATa Ha COHYEBAaTa CBETJIMHA BO MHHATOTO JIEKAPHUTE ja
KOpHCTeJIe Kako Tepanucku monanuret. Ila taka, 'puure u Pumjanute kopucrene coH4eBU
0amy W CONApPUYMHU M OCTATOLM OJf UCTUTE MOXE Ja Ce HajaaT BO HHUBHUTE JOMOBU BO
apxeoJomikute uckonuHu. Crapute Hapoau, kako Erunkanute, Kunesure u Unaujuure ja
KOpHUCTeNle CBETJIMHATa BO TPETMAHOT Ha IICOpHja3a, pak Ha Ko)kaTa, Ima TypH U IICHXO03a.

110


mailto:ljupka.arsovski@ugd.edu.mk,
mailto:mihajlo.petrovski@ugd.edu.mk
mailto:olivera.petrovska@ugd.edu.mk
mailto:verica.toneva@ugd.edu.mk
mailto:sonja.rogoleva@ugd.edu.mk

ITomorHa, BO OCYMHAECETTHOT M JICBETHAECETTHOT BEK, €BPOICKUTE (DU3MUApPH KOPHCTEIE
COHYUECBA CBETJIMHA WJIM BEIITaYKa CBETJIMHA 3a JIGKyBamke Ha TyOepKysio3a Ha Koxara,
NCOpHja3a, er3eMaTo3HUICPMATO3H U MYKO3HHU rabuyHu HHpeKIuH, [3]

Co KOpHCTeHE Ha JIacepcKaTa CBETJIMHA BO CTOMATOJIOTHjaTa MOXeE Ja Ce M3BemaT OpojHH
WHTEPBEHIMK Ha TBPJIUTE M MEKHUTE TKMBA BO YCHATa INyIUIMHA. ako jacepuTe Ce YIITEe HE
ycrieajie Jla TH 3aMEHAT KOHBEHI[MOHAJHUTE MHCTPYMEHTH M TEXHHKH, HUBHUTE OpOjHHU
MPEIHOCTH Ce MPUYMHATA [TOpaan KOja MoYHalIe Jia ce KOpucTar noyecro, [11]
CTOMATOJIONIKUTE HHTEPBEIHUH KOU CE M3BEIyBaaT cO MOMOIII Ha jlacep MoceayBaaT OpojHH
npuI00MBKY U 3a TEPANEBTOT U 3a nanueHTute. OCOOCHO 3HAYAjHO € JIeKa BO TEKOT U IOCTIe
U3BEyBal-ETO HA CTOMATOJIONIKUTE WHTEPBEHIIMHM CO MOMOII Ha Jiacep C€ IMOCTHTHYBa:
HaMaJlyBame Ha MMOCTONCPATHBHUTE KOMIUIMKAIMH, CKPATYBambe Ha MOCTONEPATHBHUOT TEK,
HAcTaHyBa [OMajla TpaymMa IpU HMHTEPBEHIMjaTa M BO IOBEKETO CIy4ad JIACEPCKUTE
HMHTEPBEHIMH MOXKE JIa ce yImoTpebaT 6e3 KOPUCTEHhE WM IMaK CO MUHHUMAaIHA KOJMYHHA Ha
aHECTECTHYKHU pacTBop, [4]

Bp3 ocHOBa Ha PETXOIHO HABEJCHOTO ja IIOCTAaBMBME U OCHOBHATA IISJT HA OBA HCTPAKYBAHE
Jla TO ONHIIEME HACTAHYBAIETO HA JIACEPCKHUOT 3paK, CTOMATOJONIKMTE WHTEPBEHIIMH KOU
MO’KE J1a Ce U3BE/IAT CO MOMOIII Ha jacepute. [loceOeH CerMeHT € HaCOYeH U KOH OeHeuTHTE
oJ1 yrotpebara Ha JlacepcKaTa CBeTJIMHA BO ICHTAIHATA MEIUIIMHA.

2. Marepujaa u meron

3a ;ga ce MCIOJHAT OCHOBHMTE LEJIM HAa OBa HMCTPAKyBale HAINPABEHO € JIUTEpaTypHO
npebapyBame Ha pa3TUIHUTE 0a3u Ha MMOJIATOLH - HAYYHHU TPYAOBH, TOMUHAHTHO Ha PubMed,
BO MPETXOJHO OMpEJENIeH MepHuo, Koj ja omdaka nocineanara aeuenuja (2013-2023), ce co
IeJT J]a ce 3aJp’KU COBPEMEHOCTa Ha TeMaTa. Bo ucTpakyBameTo KOPHCTEHH CE MOIATOLH O
TPYAOBU 3a KOM C€ CMETa JileKa C€ OCHOBHM HMaKo IOTEKHYBaaT OJ IOocTap AaTyM U ce
OJTHECYBaaaT caMo Ha TeMaTa Koja € IIeJ1 Ha OBa HCTPAXKyBame, KAKO M OJIpE/ICHH TPYAOBU KOU
uMaar 3a 1iell 1000jacHyBame Ha caMaTa TeMa.3a MCIIOJIHYBambe Ha 3a/]a/ileHaTa el U3BEJICH €
ceonaTeH JUTEpATypEH Iperie]] BO KOHTEKCT Ha OapaHUTe MH(POPMAIMK U MPUMapHO Ce
KOPUCTEHM CTYAMU MyOJIMKYBaHHU Ha aHTJIMCKHU ja3uK.

Ondarenn Oea TpyaoBUTE O] pa3IMHMU TUIIOBU Kako: myOnukyBaH Tpyn (Journal Article),
kmuHUuKo ucnutyBambe (Clinical Trial), paHIOMHM3MpaHO KOHTPOJIMPAHO HCIUTYBAkE
(Randomized Controlled Trial), npernengnu Tpynosu (Review), KoMmapaTuBHa CTyAuja
(Comparative study). 3a mpaBUIHO Haco4YeHO MpebdapyBame 0ea KOPUCTEHH CaMO COOBETHU
KJIy4HU 300pOBH.

IIpen na 3amouyHemMe cO OMUCOT Ha HAjueCTO U3BEYBAaHUTE CTOMATOJOIIKA HHTEPBEHIIMH CO
MIOMOIII JIacep, KaKo W Ha OeHe(UTHTE OJ] KOPHCTEHETO Ha WUCTHTE, Ke OWJe Mpe3eHTUpaH
KpaTOK UCTOPUCKHU pa3Boj U ke Oujie ONUIIaH M HAYMHOT Ha CO3/1aBaETO Ha JTACEPCKUOT 3paK
BO CAaMUTE YpeIH.

[Ipeky ucnonHyBame Ha LEIUTE Ha OBOj TPYA CakaMe Ja I'M Mpe3eHupaMe OCHOBHUTE Hayela
Ha ynorpebara Ha JlacepcKaTa CBETJIMHA BO JICHTAIHATa MeJUIMHA. Toa ce TOJDKH Mpe] ce Ha
(bakToT Neka JacepckaTa TEXHOJIOTHja CTaHyBa C¢ IOIMOMYJapHa BO CTOMAaTOJOTrHMjaTa BO
MOCTICTHUTE HEKOJIKY JISIIeHNH. [IeHTaTHNTE JTacepH IMoceTyBaaT MHOIITBO Ha HHIUKAIIHA KOU
ce M3BEIyBaaT BO CEKOjIHEBATa CTOMATOJIONIKA MPAaKca, KOU CEKOj CTOMATOJIOr Tpeba Jia ru
3Hae, 3a J]a MOJKe JIa TH IOYYBCTBYBa OeHepUTHTE 0/1 OBaa ynTpaMoJiepHa ajlaTKa.

2.1. ®opmupame Ha JIaCepPCKH 3paK

Pa3BUTOKOT Ha JTacepckaTa CBETIMHA M MOKHOCTUTE 32 HEej3uHATa yoTpeda BO AMjarHOCTHYKU
U TEpaluCKu IMpoucaAypu BO JACHTAJIHAaTa MCOWIKMHA IMOTCKHYBA O OasuyHuTE (bI/I?;I/I'-IKI/I
UCTpaXyBame Ha MHTEpaKlMjaTa Ha CBETIMHATA U MaTepHjara oJ] mo4yeTokoT Ha 20. Bek.

Bo nouerokoT Ha 0BOj J1e11 ke ro AepuHupame JacepoT Kako ypea U HErOBUTE MOXKHU PUMEHU

BO CCKOjI{HCBHaTa MEIUIIMHa U CTOMaTOJ]OFI/IjaTa.



JlacepoT mpercTaByBa ypen MpEeKy KOj ce co3/aBa MU EMHTHpa JlacepcKa CBETIIMHA HU3
MPOIECOT Ha 3acHiIyBame Ha CBeTJIMHATa (aMmruimdukanuja) Bp3 OCHOBAa Ha CTHMYJIMpPaHA
eMHCHja Ha eNICKTPOMAarHeTHO 3pauerse. JlacepoT ce kapakTepusupa co poKycupaHa CBETJINHA
HACOYEHA KOH Majia TOYKa Ha rojiema jgajeunHa. Tokmy mopaiau oBoj (akt, co moMomr Ha
jJacepckara CBETIIMHA MOXKE Ja C€ U3BeJaT 3HAYUTENHO TMPEIH3HH CTOMATOJIOIIKU
HHTEepBEHIMH, [18]

Oco0eHo 3Ha4ajHO € J]a Ce BOOYAT Pa3IMKHUTE MOMel'y 0OMYHATa CBETIIMHA U JTACEPCKUTE 3pallyl.
Hwmeno, rmaBHaTa pasirka moMery jJacepckara i OOMYHaTa CBETIMHA € BO TOA IITO JlacepcKara
CBETJIIMHA € MOHOXPOMATCKa, KOXEPEHTHA U MapajelHa, 3a pa3iiuKa oJ1 moBekeOojHaTa- 00nvyHa
CBETJIIMHA, YUU OPAaHOBH HE CE CHHXPOHHM3HMPAHH U HETIapaJIeIHU, OJTHOCHO HEj3UHHTE 3paly ce
npekpuieHy, [27]

JlacepckHOT 3pak ce co3aBa co IMoMoII Ha (HEHOMEHOT 03HAUCH KaKo CTUMYJIMpaHa eMHUCH]a.
[IpB ycnoB 3a poTOHCKA eMHUCHja € JTaCEPCKUOT MEIUYM JIa COJP’KU CHEPreTCKH HUBOA 4Yuja
eHepruja (WM eHepreTcKa pasiivka) oJroBapa Ha €Heprujata Ha eMUuTyBaHuTe (GOoTOHH. BTOp
YCIIOB € TIOTOJIEMHOT Opoj Ha aTOMU J1a OuJaT BO eKCIUTHpaHa coctojoa. [Ipexy HagBopenrHo
JIOBEJZICHAa EHEepruja MOKE aTOMHUTE Ha JIACEPCKHOT MEIUYM Ja ce JO0BeJaT BO BO30yjeHa
cocToj0a MOAUTHYBAjKU TO CHEPTeTCKOTO HUBO. Kora eJIeKTpOHHUTE CIIOHTAHO Ke CE BpaTaT BO
CBOjaTa HOpMaJIHa CHEPTeTCKa COCTOj0a ce eMUTUpaaT (POTOHH, IO MAaT HA CIIOHTAHA EMUCH]a,
BO pa3HU HAacOKH. Tue (HOTOHU MOHAaTaMy MOXKE J1a ce aricopOupaaT o1 HEBO30YACHUTE aTOMU
Y Ha TOj HAYMH HACTaHyBa CTUMYJIUpaHa €MHCH]ja Ha IPEeOCTaHaTHTE BO30yaeHH aToMH, [29]
Bo TexoT Ha onucoT Ha (POPMHUPAHETO HA JTACEPCKHOT 3paKk HEMHHOBHO € J1a C€ HAallOMEHE U
TEPMHUHOT TOIMYJIAIMCKA WHBEP3Hja HA aTOMUTE BO JIACEPCKHUOT MEIAMUYM COCTOjOa BO KoOja
OpojoT Ha aTOMHUTE BO BO30y/eHa cocTojb6a Mopa na Ouje morojeM oj OpojoT Ha aTOMH BO
HOpMaJlHaTa, OCHOBHA cocToOa. MIHBep3HaTa HACEICHOCT Ce IMOCTUTHYBA CO JIOBEAYBamhe Ha
CpeAMHaTa BO €HA TEPMOJMHAMHUYKA HEPAMHOTEXAa CO TIOMOII Ha HEKOj HaJIBOpEIIeH
MPUYMHUTEN TIOPAIHU ITO MOoroyieM Opoj 0J] aTOMUTE O/ OCHOBHA COCTOj0a MPEMUHYBaaT BO
BO30y/1eHa, [5]

OnHa mTO € MCTO Taka 3HAYajHO € JIeKa 3a Jla HaCTaHe CTUMYJIMpaHa €MHUCHja BO aKTHBHATa
CpelauHa, JOBOJIEH € caMo €/IeH HaJBopelleH (OTOH Ja HaBiie3e BO Hea. Toj ke mHAyLupa
co3naBame Ha ymre eneH (oroH. [loHatamy, nBara 3aeaHO, K€ MHAYIMPAAT YIITE YETHPH
TakKBMU W HAa TaKOB HAa4yWMH MPOIECOT Op30 Ke ce MpOIIMpU HHU3 CpeauHara. bpojor Ha
aricopoupanute GOTOHM Ke 3aBUCH 0] OpOJOT HAa aTOMHUTE BO OCHOBHOTO HHMBO, a OpOjOT Ha
eMUTYBaHUTE (DOTOHM TIO AT HA CIIOHTaHA ¥ CTUMYJIMpaHa eMHUCHja 0J1 OpOjOT Ha AaTOMHUTE BO
MIOBHUCOKOTO €HEPreTcKo HUBO. Ha Toj HauMH npu H3eryBame Ha 3paliiTe Ol TaKBaTa CpeIHa
WHTEH3UTETOT Ke Oue 3acuieH, [20]

2.2. Ynorpeda Ha JacepcKaTa TEXHOJIOTHja BO JEHTAJIHATA MeIMIIHHA

HanmpenokoTr BO 1U33jHOT W WHXXEHEPCTBOTO HA JICHTATHHUTE JIaCepU C€ 3rOJEeMHU
€KCIIOHEHIIMJaJTHO BO TOCIEAHUTE HEKOJKy JereHud. Cemak, jacepckara CBETIMHA HE ce
KOpPUCTH camMo BO cromarosorujata. Ce KOpPUCTH M BO MHOTY JPYrd TpaHKH Kako BO
MHAYCTpHjaTa 3a MPEIU3HO CeUeHhEe, ONTUYKU MHCTPYMEHTH, JJACEPCKH revyaTtayu, 0apKoI0BH,
JacepcKa XUpypruja, TeIeKOMYHUKAIIMN, MEPEhe Ha JTYHAPHOTO pacTojaHue UTH, [8]

Jlenec cuTe T0CTalTHU CTOMATOJIOMIKH JIAaCEPH € BO PaMKUTE Ha OpaHOBUTE NOJLKUHU o7 500
nm 70 10,600 nm, 0THOCHO MOXe€ Jia C€ HajaaT BO BUUIMBUOT WM BO HEBUIJIUBUOT JEJ OJ1
€JIEKTPOMArHeTHUHUOT CHeKkTap. Bo cylmITMHA AEHTalHUTE Jlacepd EeMHTyBaaT 3palu Co
OpaHOBa JOJDKMHA KOja C€ Haora BO HEJOHM3WPAYKUOT crekTap. [leHTamHu macepcku
WHCTPYMEHTH KOU €MUTYBAAT JIACEPCCKU 3palld BO PAMKHUTE HA BUAJTUBATa CBETJIMHA CE: aprOH
nacepute co OpaHoBa JomkuHA o1 488 nm u 514 nm (neHecka Beke He ce MPOM3BeayBaar),
Nd:YAG nacepute co OpaHoBa IOKMHAa OA 532 nm, HUCKO EHEPreTCKUTE Jlacepu 3a
dhoTobuomonaynamuja co OpaHoBa JoJDKMHA o 635 nm W JacepuTe 3a Kapuec JAETEKIHja CO
OpaHoBa Jo/mkMHA oA 655 nm. Ilpeocranature NEHTaIHM Jlacepu €MUTYBAaaT HEBUIIMBA
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Jacepcka CBETJIMHA W TOA O]l OJMCKUOT, CPEAHHUOT U JAJICYHUOT JeNl O] MH(PAIPBEHUOT
CIIEKTPOMArHeTeH crekrap, [27]

bpojun ce umuamkanuuTe 3a ymorpebara Ha JIEHTAJHUTE JlaCepU BO CEKOjIHEBATa
CTOMATOJIOIIIKA MIPaKca, KOj JIECHO MOJKE JIa CE TPYIHpaat BO CICTHUBE MOCTAIKHU

» TpeTMaH Ha MapoAOHTATHHUTE 3a00iyBama. 3HAYAJHO € JIeKa JIaCepUTE MOXKE Jia ce
KOPHCTAT 32 OTCTPaHyBamke HA UHPIAMUPAHOTO THHIMBAITHO U MAPOJAOHTAITHO TKHBO
U 32 IPOMOBHpAkE Ha PACTOT Ha 3/IPaBOTO TKUBO, [7,22]

» OTCTpaHyBamke€ Ha KapU30HWUTE Jiesuu. Jlacepure Moke Ja ce KOpUCTAaT 3a
OTCTpaHyBame¢ Ha KapHECOT Ha 3a0ute, 63 ynorpeda o aHecresuja, [12,26]

» Oenemwe Ha 3a0u. [1a Taka BO CEKOjTHEBHATA CTOMATOJIOIIKA ITPAKCa JIACEPUTE MOXKE J1a
ce KOpHCTaT 3a aKTHBHpame Ha CpeacTBaTa 3a Oeliele M monoOpyBame Ha
eHKaCHOCTAa Ha TPETMaHHUTE 3a Oejice Ha 3abuTe, [2]

» 3a u3BeAyBame Ha Ouoricuja. Jlacepure Moxe J1a ce KOPUCTAT 32 OTCTPAHYBame Ha
Majyd TPUMEPOLM Of TKMBO 3a OHWOICHja, INTO € OCOOEHO 3Ha4YajHO TOpaau
UCKJIyYMTEIIHO MUHOPHATa TpayMa Ha OKOJIHUTE TKUBa, [13]

» TpoleAypd Ha MEKHTE OpaJHM TKuBa. Jlacepure MoOke Ja Cce KOpHCTaT 3a
NpeoOINKyBamke MM OTCTpAaHYBamke Ha TKMBOTO HAa TWHTHBATa 3a Ja c€ MOA0OpH
U3IIIEJO0T Ha HacMeBKara, [25]

» TpeTMaH Ha MyJANHHUTE W MEpHANUKATHUTE MpoMeHH. Jlacepure mopagy HUBHUOT
aHTHUCENTHYCH e(eKT BpIIAT HeyTpaju3aluja Ha OaKTEPUUTE CO INTO HUBHHOT
KBaHTyM C¢ HamaiyBa, [9]

» TpeTMaH Ha GUKCHpaH GPEHyIyM Ha ja3UKOT WK yCHUTE, [25]

» Tperman Ha adTo3HM U XepreTHyHH Je3uu. [13]

MuHMMaTHaTa HHBA3WHBOCT BO TEKOT Ha JIACEPCKUOT TPETMAH Ha KAPUO3HUTE JIC3UH
ce 6azupa Ha PaKTOT - KOJKY IOroJieMa COJIp>KUHA Ha BOJa MMa BO TKMBOTO, TOJKY ITOJIECHO
JacepuTe Ke To OTCTpaHaT KapHec-pacrlaJHaToTO TKUBO. 3aToa, MHOTY 3a00JICHOTO 3a0HO
TKUBO (CO 3rojieMeH KBaHTYM Ha BOJa) K€ Ce OTCTpaHyBa MHOTY IOJISCHO M CO TOMAJIKY
eHepruja-oJ] IOMaJKy Kapuo3HO pacrmagHatute TkuBa. Cramkara Ha abnanuja Ha 3a0HHTE
TBPJY TKHBA € BO KOpeJalyja co KOJIMYMHATA Ha JIACEPCKH CHEpruja JOCTaBeHa JI0 TKUBOTO,
edexTuTe Ha OpaHOBa JOJDKMHA, MYJIICHOTO BPEMETPacHhe , OOJMKOT Ha MYJICOT, CTallkaTa Ha
MOBTOPYBamke, TYCTHHA HAa MOKHOCTA, TEPMHUYKOTO PENIAKCAI[HOHO BPEMETO Ha TKHBOTO U
HAuYMHOT Ha HUcmopaka. Jlacepckara mpemapaiyja Ha KapuO3HHTE KaBHTETH ce 0a3upa Ha
,,MUHAMAQJIICTHYKA" TIPUCTAIl TIPU IITO CE BPIIM OTCTPAHYBamkE caMO Ha 3a00JICHOTO TKHBO U
U TIPH TOA C€ YIOTpeOyBaaT KOMIO3UTHO-CMOJIECTH PECTaBPAaTHBHU MaTEPH]aJIH.

[Ipn nacepckoro Oeneme ce ,,aKTUBHUpaar’ €JIEMEHTHTE Ha CpelcTBara 3a Oeleme co
KOpUCTEHE Ha MHOTY e(rKaceH M3BOp Ha CBETJIOCHA eHepruja - jacep. Co ymorpebara Ha
J1lacepoT, OJTHCOHO MpeKy (HOTOHUTE, Ha crienuudHa OpaHOBa TOJDKUHA KOja € TPUOIMIKHA Ha
CMIEKTapOT Ha arcopmiyja Ha M30eyBauyKOTO CPEJICTBO, HAMECTO KOPHCTEHE Ha HM3BOp Ha
CBETJIMHA KO] eMHUTYBa MoBeke OpaHOBU JOJDKMHM, XEMHUCKaTa peakiidja ce u3BeayBa moop3o,
a Co Toa ce pellyliipa BpeMEeTO Ha M3JI0KEHOCT Ha CPeJICTBOTO 3a Oenewme. Co Toa MOXKHOCTA
32 KOMIUTUKAIIMH 3HAYUTEITHO C€ MHHUMHU3UPA.

Co nomon stacepute Moxe J1a ce 00e30enu 6e36eqHa, ehukacHa HEXEMICKa alTepHAaTUBA BO
TEKOT Ha U3BEAYBAKHETO HA EHIO0JOHTCKHOT TpeTMaH. OTTyKa MOXKe J1a ce KaXke JIeKa JJaCepHuTe
ce edukacHa ajTepHATMBA 3a JIEKyBalkbe€ Ha IIylnaTa, cO JONOJHHUTENEeH OeHepur BO
00e30e/1yBame Ha aJleKBaTHA MyJIHHA Teparuja, 0e3 KOCPUCTeHhe Ha XeMHUKaIuH, [14]

Co oMo Ha CTOMATOJIOLIKUTE Jacepu MOXKeE Jla ce U3BeIe U TPETMaH Ha aTO3HUTE JIE3UH U
Ha xepriec nabmuanuc. TpeTMaH Ha OBHE JIe3UM OOMYHO C€ M3BEIyBa CO JIaCEPH CO HHCKa
eHepruja co nedokycupat 3pak. Llenrta e ga He ce OIITETH TKMBOTO, HO MPH TOA Ja ce JIeTyBa
Ha eNUTEJIOT OKOJy Je3ujara. McTo Taka kora XeprneTuOopMHHTE JIE3UUTE CE TPETUPAAT MPH
VMHHLMjaTHATE 3HALM Ha UHQEKIHUja, JE3UUTE JIECHO MOXKe Ja ce oTcTpaHaT. [Ipu TpeTmMaHOT
MOTPeOHO € TpeTHpaHara O0JIaCT Jia ja BKIydyBa Iejara Jie3uja, Kako M HajMaJIKy 3-5 MM
CTPaHUYHO O] PUTEMATO3HHOT OPEOJI KOj ja 03HaYyBa rpaHUIlaTa Ha oBaa jie3uja, [17]



Bo coBpemenara cromaronoryja, ynorpebara Ha JEHTAIHUTE JJACEPH € 0J1 0COOEHa KOPUCT BO
Mo00pyBamkeTO Ha TPETMAHOT, KaKO BO XHUpPYpIIKaTa, Taka M BO MOCTXHpYypIIKaTa H
npoTterckara ¢asa BO JEHTaJHAaTa HUMIUIaHTonoruja. IlapamenHo co 3rojemyBame Ha
3acTalieHOCTa Ha JEHTAJHUTE HMIUIAHTH KakKo Tepamucka oIliluja, ce mnoaoOpyBaar u
nepdopmaHcuTe Ha JAeHTaTHUTE Jacepu. Jlacepure moHaramy MoKar na OugaT O0COOEHO
KOPHCHH BO CIIPaBYBaWmETO CO PA3IMYHUTE KOMIUTMKALMU OJf UMIUJIAaHTHATa Tepamnuja U BO
TPeTMaH Ha BOCHAJIUTEIHO MEPUUMIUIAHTHO TKUBO. PasnuyHure OpaHOBH JODKMHH Ha
JacepuTe KOU HU C€ Ha pacrlojiarame, MMaaT YHUKATHU KapaKTepUCTHUKU KOU T'O OJIECHYBaaT
MIPUCTANOT HA CTOMATOJIOTOT JI0 MMIUIAHTHTE, KAKO M yJOOHOCTA Ha MAllMeHTuTe. JleHTamHure
Jacepyu UM OBO3MOXKYBa Ha KJIMHHYApHUTE [0J00pa BU3yelM3alKja Ha XUPYPIIKOTO MOJE CO
HaMaJlyBambe Ha KPBAPEHETO U HaMalyBamkhe Ha BPEMETPACHETO Ha AajneHaTta npoueaypa. Co
CO3/1aBam-€¢ CTEPUITHH YCIIOBHU CO MIOMOIII Ha JEHTAJTHUTE JIAaCepH, 32 BpEME U 0 U3BEAYBABHETO
Ha XUpYypIIKaTa WHTEPBEHIIMja, 3HAYUTEIHO C€ HAMAIyBaaT MOXKHUTE KOMIUIMKALUU U

unbexiun, [15,16]
2.3. DbeHe(uTH 0] KOPHCTEHETO HA JEHTAJTHUTE JIaCePH

MHoryOpojHHTE TIPEITHOCTH OJ KOPUCTEHETO HA JIacepCcKaTa CBETJIMHA TEIIKO MOXAT Jla ce
WUTHOPHpAaaT, KaKo MITO C€ MPELU3HOCTa, JECHOTHjaTa Ha KOPUCTEHE M MOroJieM YCIeX BO
Tepanujara 01 KOHBEHIIMOHAIHUTE TEPANICBTCKU MPOIEAYPH BO COBpEMEHATa CTOMATOJIOTH]a.
Cermak, 1IeJIOCHOTO MMO3HABAKHE HA OBaa TEPAIEBTCKA ajaTka € MMIICpaTUB 3a J1a ce n3bernar
HecakaHuTe eeKTH U Jia ce Jo0ujaT CUTe MmocaKkyBaHu OeHe(UTH BO TEKOT Ha paboTaTa.

OHa mITO € 01 HKJIYYUTEITHO 3HAYCHHE € JICKa CO IIOMOIII Ha JIACEPCKUTE 3pallyd HACTaHyBa JICCHO
OTCTpaHyBambe Ha MATOJIOMIKK IPOMEHETOTO TKMBO 0€3 KpBapewe, OTOK WIIH MOCTONEepaTUBHA
00JIKa € OrpOMHA MPEJTHOCT 32 CTOMATOJIOTOT U 32 MAIUEHTOT.

JlacepuTe ce OATUYHO pElICHUE 32 TPOOIEMOT CO KOHTAMHUHALIM]ja HA XUPYPIIKOTO Toje. Toa
ce OJKM Ha (paKTOT JeKa CUTE Jlacepu ce OakTepuIuaad. CTOMATOJIOTOT Tpeba /1a TO H3JI0KH
XUPYPUIKOTO T0JIe, HEKOJIKY CEKYH/IU Ha JlacepcKara €Hepruja, a Mmpu Toa OaKTEepHUIIMIHUTE
edexTH ce 171a00KN U peYUCH MOMEHTAJTHU, U CO TOA XUPYPIIKOTO ToJie ce cTeprmsupa. [lpen
0CTE0TOMH]aTa, MEKOTO TKMBO MOXE J]a C€ CTEPUIIM3UPA MHOT'Y MOE(PUKACHO CO JIACEP OTKOJIKY
MPEeKy KIIACHYHHUTE METOJIM CO TUTAKHEH¢ Ha yCcTara CO MOMOII Ha aHTUCENTHYHU CPEICTBA.
bpanoBute AOMKUHUHKM ~ Ha epOMyM W HEOAUMHOM JIACEPUTE MOXE Ja MOCTUTHAT
JICKOHTAMHHAIIM]jA TPeJ Ce TOPaJy TOA INTO JIACEPCKUOT 3paKk (PU3NIKU T'O 03padyBa CEKOj
KBaJ[paTeH MUJIUMETap 0] paboTHaTa MOBpIIHHA, [1]

Mopa jma ce HamoMeHe Jieka epOWymoBara Tpyra Ha Jacepu He ce TOJKy e(HKacHHW Kako
Ipyrutre OpaHOBU JOJDKMHHM BO 00e30emyBameTo xemocraza. Ho Toa mperctaByBa H
3HauuTeNeH OeHe(UT MPU KOPUCTEHETO Ha OBOj Jiacep OMJIeJKH OBO3MOXKYBa MOBPLIMHCKO
KpBapeme Ha KOCKEHHTE CTPYKTYpPH, CO IITO ce€ Moa0o0pyBa KOCKEHOTO 3a3[paByBame, 0e3
pa3iuKa Jajiv € BMEeTHAT UMIUIAHT WM Tpa@THHT MaTepujall, WM €IHOCTABHO ajiBeoJiaaTa ce
0CTaBa JIa ce HATIOJIHU CO KOaryJiyM U Jia 3all09He Jla Ce CIIyuyBa 3a3/ipaByBambe Ha paHara, [2]
[Tpu paGoTtaTa BO MEKH TKMBA OCOOCHO 3HaYajHA € ajanTalyjara KOH qe0enHaTa Ha TKHBaTa.
AKOTKHMBOTO € pelaTHBHO TeHKO (1-2 mm), cekoja OpaHoBa qoikuHa € mpudartauBa 3a padora.
AKO TKHBOTO € mojiebero, kopuctemeto Ha auoauu nin Nd: YAG macepure Moke J1a moTpae
HEKOJIKYy MHHYTH HACIpOTH HEKOJIKY CeKYHAM CO Mpu ymoTpedaTta Ha epOuymoBure u CO2
nacepute. Co Op30 1 epuKkacHO cederme HU3 TKHBOTO U CO3/IaBabe ONTHMATHA BHJTUBOCT 32
XUPYProT, BPEMETPACHETO Ha IMpolieaypaTa MOXe YCIIEITHO Ja ce Hamalld BO criopeada co
KOHBCHIIMOHATHUTE TEXHUKH, [28]

OTtTyka Moxe /1a ce 3abenexu Jieka ynorpedara Ha Jacepckara CBETJIMHA MPU U3BEIYBAHETO
Ha CTOMATOJIONIKATE HHTEPBECHUH MMa OpojHU ipeaHocTH. [IpuMapHO, CO TOMOIII Ha JJacepuTe
ce M3BeyBa CTepPHIHA MHIIM3H]ja CO MUHIMAIIHA BEpPOjaTHOCT fa oune nHuimpana. Jlacepor
ro cede TKHBOTO Oe3 Ja Tpean3BUKa Kackajla Ha HACTaHW INTO JOBEIyBaaT J0 €IeM H
BOocmalieHue. buzejku nmacepute neKkynaBaar U Ha JUMQHHUTE CaI0, OJHOCHO BPIIAT HUBHO
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3armevyaTyBame IMOCTOM KIMHHYKH MEPJIMBO HaMallyBamke Ha OoJIKkaTa, OTOKOT M JIPYTHTE
[IOCTONEPATUBHU KOMILIMKAIKH, [21]
[Tpu ynorpebara Ha nacepute, MOTPeOHU ce TOCTadu aHANTETUYHH CPEICTBA U aHTUOHOTHUITN
(koW ke JIoBeaT 10 MOMAIIKY MHTEPAKIIUU U KOMILTUKAIMH ) OU/ICjKH TTAIIMEHTHUTE JJOKHBYBaaT
3HAYUTEITHO MTOMAJIKY TpayMaTCKH MOCToIepaTuBeH Tek. OBa ce oHecyBa U HA MUHOPHHU HO
Y Ha TOJIEMHU OPATHO-XUPYPILIKHU MPOLIEIYPH.
Jlpyra mpemHOCT Ha JjacepuTe € HHUBHATa ynoTpeda Kaj MAlMeHTH Ha aHTUKOAryJlaHTHa
Teparnuja co ynorpeda Ha JIKOBH KaKo IITO ce aCIUPHH U aHTUKoaryjiancu. Hekou manueHTn
KOpPHCTaT U XepOaJHM JIEKOBM KOWM MOXKAT 3HAYUTEIIHO Ja IO TPOMEHAT BpPEMETO Ha
koarynanuja. Ho cemak JOKOJIKY OCTOM M MUHHMMAJIHA TWJIeMa BO OJHOC Ha MOXKHOCTA 32
MIPOJIOHTUPAHU KPBapeme Kaj MAIMEHTOT, Tpeda Ja ce HampaBaT COOABETHH Ja0OPATOPUCKU
ananmu3u. Jlacepute MMaar OJUIMYHM XEMOCTATHYKHA CBOjCTBA IITO JOBEAYBaaT 0 HAMAaJCHO
KpBapeme, TAKAIITO KOHTPOJIMPABETO Ha HHTPAOTIEPATUBHOTO KPBAapeHE HE € mpobieM, [6,10]
On ce mpeTXxoaHO HAaBEEHO, MOXKE J1a ce 3a0esIekH Jieka OpojHU ce OeHeUuTHTE 01 TPETMAHOT
CO JIacepH Ha MEKUTE U TBPAUTE TKMBA. [1a Taka mpy HHTEPBEHIIMUTE HA MCKUTE TKHBA TIOCTOM:
» MOoXHOCT 3a ceuere, KoaryJiaiuja, adJjialja u Baropu3aiija Ha eJIeMEHTUTE OJ1

IEJIHUTE TKUBA,
» Koarynanyja Ha MaJIMTe KPBHH CaJI0BH (IIITO OBO3MOXKYBa CYBO PaOOTHO I10JIE€ BO
XUPYPIIKA UHTCPBCHIINN);
» Koarynanuja Ha Manu JIMM(GaTHYHU CaI0BH (IITO BOJU JI0 PEAYIIHPAhE Ha ITOCT-
OTIEPATUBEH €IIEM);
» Crepwinsanja Ha TKUBara (MOpajy TOIUIMHATA HACTaHyBa JCECTPYKIIHMja Ha
OaKTepHCKUTE MEMOpPaHN);
» Hamanysame Ha mojaBaTa Ha OCTONICPATUBHU Jy3HH. [19]
Hcro Taka OpojHU ce u OeHepuTHTE 011 yroTpedaTa Ha JacepcKara CBeTIMHA Ha TBPIUTE TKHBA
KOM YYeCTBYBaaT BO IpajsdaTa Ha CTOMAaTOTHATHUOT CUCTEM M TOA ITOCTOMU:

» MOoXHOCT 3a CeJeKTHBHA alJialdja Ha KapHO3HO MPOMEHETOTO TKHUBO (IMOOp3a
a0JarnMja HacTaHyBa MPH TIOTOJIEMO MTPUCYCTBO Ha BOJIa BO KAPUO3HO MPOMEHETHUTE
3a0HM TKUBA),

» PenyuupaHu TiepuUONEpaTHBHM HANyKHYyBakba Ha 3a0HM CYICTAHIUH BO
KOMIIapaimja co POTHPAYKH HHCTPYMEHTH;

» MOXHOCT 32 MUHUMAJIHO MHBAa3WBHU MHTEPBEHIINH Kaj MMOYETHH KAPHUO3HU JIC3UH;

A\

Penynuparme Ha TEPMUYKO OIITETYBAKE HA MyJIIATA,;
» Crepunusanyja Ha kaButeture. [23,24]

3. 3akiay4ok

JleHTamHUTE Nacepy, Kako €1Ha COBpeMeHa ajaTka, mocelyBaaT OpojHU UHIUKALUU BO
CEeKOJJHEeBHATa CTOMATOJIONIKA Mpakca. McTo Taka, OpojHUTE MPEAHOCTU IITO T'M MOCEAyBa
JacepoT Kako ajarka Tpeba Ja OujaT mpuUyMHA 3a HEropara ce IorojieMa ymorpeda npu
MBEIYBAmb-ETO Ha Pa3IMYHU BUI0OBU CTOMATOJIOIIKY HHTepBeHIMH. Cenak, ynorpebda Ha jacepu
€ CBeleHa Ha Mal Opoj MHTEPBEHIMH MITO € IMOBP3aHO CO 3HACHETO M pyTHHATa Ha
kuHU4YapoT. Co BOBeAyBame€ COBPEMEHM OOpa3OBHU IPOrpaMH, Kako M JIOTOJHUTENHA
eAyKalija oBaa cocToj0a MOXKe Jia ce o 100pH.
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Abstract

Native mobile applications have been the first choice for companies and independent developers to build software
that utilizes device hardware and functionality. For Android development, this means using Java/Kotlin for the
program logic and XML files for the user interfaces. Recently, Jetpack Compose has gained significant attention
in building user interfaces for Android applications. This paper aims to analyze the benefits and limitations of
these two technologies. An intensive literature review is conducted and presented to identify the benefits and
limitations of XML and Jetpack Compose. In order to compare their development processes and code complexity,
we also developed the same application using both technologies. Analysis of the code used in each technology
provides an insight into how they uniquely solve the same problem, helping us to identify which one is better
suited from a developer’s perspective. The results of the study indicate that both XML and Jetpack Compose have
their respective strengths and weaknesses. XML provides a structured approach to Ul development, fully
respecting the separation of concerns between the view (what is being displayed on the screen) and the controller
(which data is being sent to the view). On the other hand, Jetpack Compose simplifies the Ul development process
by offering a declarative approach, which leads to more readable and maintainable code. This study identified
the advantages and disadvantages of using XML and Jetpack Compose in the development of native Android
applications and recommended criteria for choosing one of these tools for new users, as well as switching to a
new tool for experienced users.
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Abstract

In the digital age, information security has become increasingly important as the amount of sensitive data being
stored and transmitted electronically continues to grow. Information security refers to the practice of protecting
information from unauthorized access, use, disclosure, disruption, modification, or destruction. Ensuring
information security in the digital age involves implementing a variety of security measures to ensure the
confidentiality, integrity, and availability of information. One important aspect of information security is the
protection of sensitive information, such as personal information, financial data, and trade secrets. This can be
achieved through the use of encryption, secure communication protocols, and access controls. Additionally,
network security is crucial in protecting information systems and networks from cyber-attacks. This can be done
through the use of firewalls, intrusion detection and prevention systems, and regular security audits. Another
element of information security is incident response and management, including planning for and responding to
security breaches. This can involve activating incident response teams, conducting forensic investigations, and
implementing recovery plans to restore normal operations. A comprehensive information security program also
includes employee education and awareness, security policy, and compliance with relevant regulations and
standards such as PCI-DSS, HIPAA, and ISO 27001. Overall, information security is a constantly evolving field
as new technologies and attack methods are developed. It requires ongoing monitoring, testing, and updating of
security measures to ensure the ongoing protection of information in the digital age.

Key words

Digital age, information security, protection of sensitive information, network security and cyber-attacks.

Introduction

In today's digital age, information security has become a critical concern for individuals,
businesses, and governments. With the increasing amount of sensitive data being stored and
transmitted electronically, the potential for unauthorized access, use, disclosure, disruption,
modification, or destruction of this information has grown. As a result, ensuring information
security has become a top priority for organizations of all sizes and industries. Information
security, also known as cybersecurity or IT security, involves the implementation of a variety
of security measures to protect information from cyber threats. These threats can include
hacking, malware, phishing, and other forms of cyber-attacks. In addition to protecting sensitive
information, information security also aims to ensure the availability and integrity of
information systems and networks.

One important aspect of information security is the protection of sensitive information, such as
personal information, financial data, and trade secrets. This can be achieved through the use of
encryption, secure communication protocols, and access controls. Additionally, network
security is crucial in protecting information systems and networks from cyber-attacks. This can
be done through the use of firewalls, intrusion detection and prevention systems, and regular
security audits.

Another element of information security is incident response and management, including
planning for and responding to security breaches. This can involve activating incident response
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teams, conducting forensic investigations, and implementing recovery plans to restore normal
operations. A comprehensive information security program also includes employee education
and awareness, security policy, and compliance with relevant regulations and standards such as
PCI-DSS, HIPAA, and ISO 27001. Information security is a constantly evolving field, with
new technologies and attack methods being developed all the time. This means that
organizations must stay vigilant and keep their security measures up to date in order to
effectively protect their information. In addition, organizations must also be prepared for the
possibility of a security breach and have incident response plans in place to minimize the impact
of any security incident.

The rise of cloud computing, Internet of Things (IoT), and mobile devices has also led to new
security challenges. The use of cloud computing services and mobile devices has increased the
amount of data stored and transmitted over the internet. This has led to an increase in the number
of potential entry points for cyber attackers. Furthermore, the growing number of 10T devices
connected to the internet has created new opportunities for cyber attackers to gain access to
sensitive information. To ensure information security in the digital age, organizations must
adopt a proactive approach. This includes regular risk assessments, penetration testing, and
security audits to identify vulnerabilities and potential threats. Additionally, organizations
should invest in advanced security technologies such as artificial intelligence (Al) and machine
learning (ML) to help detect and respond to cyber threats in real-time [1 — 6].

1. Related Work

Information security is a complex and multifaceted field that has been the subject of much
research in recent years. A variety of approaches and techniques have been proposed to ensure
the confidentiality, integrity, and availability of information in the digital age. This section will
provide an overview of some of the most relevant research in the field of information security,
focusing on areas such as encryption, network security, incident response, and compliance.

Encryption is a widely used technique for protecting sensitive information from unauthorized
access. A number of encryption algorithms have been proposed and studied, including the
Advanced Encryption Standard (AES) and the Rivest-Shamir-Adleman (RSA) algorithm.
Research in this area has focused on the development of more secure and efficient encryption
algorithms, as well as the study of potential weaknesses in existing algorithms [1 — 3].

Network security is another important aspect of information security. Firewalls, intrusion
detection and prevention systems, and virtual private networks (VPNs) are commonly used to
protect networks from cyber-attacks. Research in this area has focused on the development of
more advanced security technologies, such as intrusion detection systems that use artificial
intelligence (Al) and machine learning (ML), as well as the study of new types of cyber-attacks
and vulnerabilities.

Incident response and management is also an important aspect of information security. This
includes planning for and responding to security breaches, as well as conducting forensic
investigations and implementing recovery plans. Research in this area has focused on the
development of incident response frameworks, as well as the study of best practices for incident
response and management.

Compliance with regulations and standards is also an important aspect of information security.
The Payment Card Industry Data Security Standard (PCI-DSS), the Health Insurance
Portability and Accountability Act (HIPAA), and the International Organization for
Standardization (ISO) 27001 standard are examples of regulations and standards that
organizations must comply with to ensure information security. Research in this area has
focused on the development of compliance frameworks, as well as the study of best practices
for compliance [4 — 6].
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The research in information security also covers the security of cloud computing, Internet of
Things (1oT), and mobile devices, which has become increasingly important in recent years.
The use of cloud computing services and mobile devices has increased the amount of data
stored and transmitted over the internet. This has led to an increase in the number of potential
entry points for cyber attackers. Furthermore, the growing number of loT devices connected to
the internet has created new opportunities for cyber attackers to gain access to sensitive
information.

To ensure information security in the digital age, organizations must adopt a proactive
approach. This includes regular risk assessments, penetration testing, and security audits to
identify vulnerabilities and potential threats. Additionally, organizations should invest in
advanced security technologies such as Al and ML to help detect and respond to cyber threats
in real-time [1 - 6].

1.1. Challenges and opportunities

Ensuring information security in the digital age is a complex and challenging task, as new
technologies and attack methods are constantly emerging. This section will discuss some of the
challenges and opportunities that organizations face in ensuring information security in the
digital age. One of the major challenges of information security is the ever-increasing number
of cyber threats. The rise of the internet and the proliferation of connected devices have led to
an increase in the number of potential entry points for cyber attackers. Additionally,
cybercriminals are becoming increasingly sophisticated, using advanced tactics such as social
engineering and malware to gain access to sensitive information. This makes it difficult for
organizations to keep pace with the changing threat landscape and protect themselves from
cyber threats [1 — 6].

Another challenge is the lack of security expertise. As the field of information security
continues to evolve, organizations may struggle to find and retain security professionals with
the necessary skills and knowledge. This can make it difficult for organizations to implement
effective security measures and stay up to date with the latest threats and technologies.

The rise of cloud computing and mobile devices has also presented new security challenges.
The use of cloud computing services and mobile devices has increased the amount of data
stored and transmitted over the internet. This has led to an increase in the number of potential
entry points for cyber attackers. Furthermore, the growing number of Internet of Things (1oT)
devices connected to the internet has created new opportunities for cyber attackers to gain
access to sensitive information.

However, despite these challenges, there are also many opportunities for organizations to
improve their information security in the digital age. One opportunity is the use of advanced
security technologies such as artificial intelligence (Al) and machine learning (ML). These
technologies can help organizations detect and respond to cyber threats in real-time and can
also be used to automate security tasks such as incident response and compliance.

Another opportunity is the development of new security standards and regulations.
Organizations can use these standards and regulations as a guide to improve their security
practices and ensure compliance. For example, the Payment Card Industry Data Security
Standard (PCI-DSS), the Health Insurance Portability and Accountability Act (HIPAA), and
the International Organization for Standardization (ISO) 27001 standard are examples of
regulations and standards that organizations must comply with to ensure information security.
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Additionally, organizations can also improve their security by implementing incident response
and management plans. This includes planning for and responding to security breaches, as well
as conducting forensic investigations and implementing recovery plans. By having incident
response plans in place, organizations can minimize the impact of a security incident and return
to normal operations more quickly [1 — 6].

1.2. The future of Information Security

Information security is an ever-evolving field, with new technologies and attack methods
constantly emerging. As such, it is important for organizations to stay informed about the future
of information security in order to effectively protect themselves from cyber threats. This
section will discuss some of the key trends and developments that are likely to shape the future
of information security. One trend that is expected to continue in the future is the increasing
use of artificial intelligence (Al) and machine learning (ML) in information security. These
technologies can help organizations detect and respond to cyber threats in real-time and can
also be used to automate security tasks such as incident response and compliance. Additionally,
Al and ML can also be used to analyze large amounts of data to identify patterns and anomalies
that may indicate a cyber-attack [1 — 6].

Another trend that is expected to continue in the future is the increasing use of cloud computing
and edge computing. Cloud computing can provide organizations with a cost-effective and
scalable way to store and process data. However, this has led to an increase in the number of
potential entry points for cyber attackers. Edge computing, on the other hand, brings computing
power closer to the data source to reduce network traffic and improve response times.

The Internet of Things (10T) is also expected to play an increasingly important role in the future
of information security. As more and more devices become connected to the internet, the
number of potential entry points for cyber attackers will continue to grow. As such, it is
important for organizations to ensure that their 10T devices are secure and to implement
security measures to protect them from cyber threats. Another trend that is expected to shape
the future of information security is the increasing importance of compliance. Organizations
must comply with a variety of regulations and standards to ensure information security, such
as the Payment Card Industry Data Security Standard (PCI-DSS), the Health Insurance
Portability and Accountability Act (HIPAA), and the International Organization for
Standardization (1ISO) 27001 standard. As such, organizations will need to keep up to date with
the latest regulations and standards to ensure compliance [1 — 4].

Finally, the future of information security will be shaped by the increasing importance of user
education and awareness. As cyber threats become more sophisticated, it is important for users
to understand how to identify and respond to these threats. Organizations will need to invest in
user education and awareness programs to ensure that their employees are well-informed about
the latest cyber threats and how to protect themselves [1 — 6].

Conclusions

In conclusion, ensuring information security in the digital age is a complex and challenging
task that requires a holistic approach. Organizations must prioritize the protection of sensitive
information, while also ensuring the availability and integrity of information systems and
networks. Additionally, they must stay up to date with the latest technologies and attack
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methods and be prepared for the possibility of a security breach. One of the key aspects of
information security is the protection of sensitive information, such as personal information,
financial data, and trade secrets. This can be achieved through the use of encryption, secure
communication protocols, and access controls. Additionally, network security is crucial in
protecting information systems and networks from cyber-attacks. This can be done through the
use of firewalls, intrusion detection and prevention systems, and regular security audits.
Another important aspect of information security is incident response and management,
including planning for and responding to security breaches. This can involve activating
incident response teams, conducting forensic investigations, and implementing recovery plans
to restore normal operations. A comprehensive information security program also includes
employee education and awareness, security policy, and compliance with relevant regulations
and standards such as PCI-DSS, HIPAA, and 1SO 27001.

The rise of cloud computing, Internet of Things (1oT), and mobile devices has also led to new
security challenges. The use of cloud computing services and mobile devices has increased the
amount of data stored and transmitted over the internet. This has led to an increase in the
number of potential entry points for cyber attackers. Furthermore, the growing number of loT
devices connected to the internet has created new opportunities for cyber attackers to gain
access to sensitive information. To ensure information security in the digital age, organizations
must adopt a proactive approach. This includes regular risk assessments, penetration testing,
and security audits to identify vulnerabilities and potential threats. Additionally, organizations
should invest in advanced security technologies such as artificial intelligence (Al) and machine
learning (ML) to help detect and respond to cyber threats in real-time.

In the future, organizations should expect the increasing use of Al and ML in information
security, cloud computing, 10T and mobile devices to present new security challenges,
compliance to be a major concern and user education and awareness to be a key aspect of
ensuring information security.

Overall, ensuring information security in the digital age is a continuous effort that requires
ongoing monitoring, testing, and updating of security measures to ensure the ongoing
protection of information. By staying informed and taking a proactive approach, organizations
can better protect themselves against cyber threats and ensure the security of their information
in the digital age.
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Abstract

Virtualization is a software technique that emulates the operation of the entire computer. Depending on the needs
and the powers of the physical computer, several virtual machines can be installed at the same time. The resources
of physical computers will be shared between all virtual machines and because of that, virtual machines will be
working slower. A virtual machine uses a combination of software and an existing computer to provide additional
computer machines, all in one physical device. Cloud computing involves delivering hosted services and cloud
applications over the internet and enables users to obtain a shared pool of data from remote physical servers,
databases, and computers. Although virtualization and cloud computing are seen as two different techniques, they
are interconnected and cannot exist without each other. Virtualization in cloud computing can prevent the IT
system from failing and can protect the IT environment from bugs and viruses. In IT infrastructure, cloud
computing and virtualization are used together to build a cloud infrastructure. The aim of this study is to define
and analyze what virtualization and cloud computing are. Then through a comparison to show how these
techniques are related to each other and consequently a conclusion will be drawn.

Key words

software technique, services, IT infrastructure
Introduction

Virtualization can be defined as a software technique that emulates the operation of the entire
computer. Depending on the needs and the powers of the physical computer, several virtual
machines can be installed at the same time on one computer. A virtual machine uses a
combination of software and an existing computer to provide additional computer machines, all
in one physical device. Like any other program, programs for creating virtual machines need to
be installed and then configured. The installation and configuration of this programs are a
simple procedure, consisting of number of steps that need to be performed for the virtual
machine to be properly used. Once the program has been installed on the hard drive and
configuration has been performed, we can start creating virtual layers and installing operating
systems. With this, we can work using more than one operating system on a single computer.

On the other hand, Cloud computing in these days is one of the most used technologies because
of the major issues such as reducing costs, and its scalability and flexibility in computer
services. Cloud computing allows using different pool of resources anywhere and anytime via
Internet. It generally provides on demand IT services and products. This technology allows
consumers and businesses to use applications without installation and access their personal files
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at any computer only with using of internet access. Cloud computing also allows much more
efficient computing by centralizing storage, memory, processing, and bandwidth [11]-[17].

1. Virtualization

Virtualization is a technology that combines hardware and software. It allows the same
computer to run several different operating systems that share common resources. In this way,
the system is divided into several separate virtual entities that act as independent computer
systems. More precisely, virtualization is the possibility of using multiple operating systems
on the same physical computer. There are existing various kind of virtualization: OS
virtualization (Xen, VMware), storage virtualization (NAS, SAN), database virtualization and
software virtualization (Apache Tomcat, Oracle App Server ...) [11].

hdja Kacja kaca Kacja Kacja Kacja kacja kaca kadja

operativni sistem operativni sistem operativni sistem
virtuelni hardver virtuelni hardver virtuelni hardver
Virtual Machine Monitor - Hypervisor
fizicki hardver

Fig. 1 Architecture with virtualization

A virtual machine is a computing resource that uses software instead of a physical computer to
run programs and deploy applications. Basically, it is a virtual environment in which we can
install an operating system that can be used on the main operating system that is on the
computer. These environments manage to mimic the hardware that the computer has, so that it
behaves as if we are on a completely different computer with a different operating system
installed. The main feature is that there are two users of the computer, namely:

e Host machine - the machine that represents the physical equipment and the main
operating system.

e Guest machine - our installed virtual machine, running an operating system that
corresponds to it.
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Virtual Machines

Main Server

Fig. 2 Virtual environment
There are two different types of virtual machines, each with different functions:

e System virtual machines or also known as full virtualization virtual machines. They
provide a replacement for a real machine. This virtual machine makes it possible to
represent the physics between several virtual machines, using software called a
hypervisor. A hypervisor allows multiple environments to be isolated from each other
but still exist on the same physical machine. Modern hypervisors use virtualization-
specific hardware, primarily from the host processor.

e Virtual machines processes designed to run computer programs in a platform-
independent environment [1]-[10].

Advantages of virtual machines

e We have different operating systems that can exist simultaneously on the same
machine, separated from each other.

A virtual machine has a simpler instruction architecture than a real computer.

It can be portable, as it can be used on any computer in a secure way.

At the business level, they cause economic savings and space savings.

Since there is no physical hardware, there is no need to worry about the damage that
can be caused when installing a program.

o Different types of applications can be tried and if they are not right, we can just delete
them.

Disadvantages of virtual machines

Virtual machines are slower.

They can consume a lot of resources.

When there is a need to access the hardware, it is not very efficient.

When multiple virtual machines are running at the same time, unstable performance
occurs, depending on the scale of the system [1]-[10].
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2. Cloud computing

Cloud computing helps to reduce IT costs, to improve agility and time to value and to scale
more easily and economically [14, 17]. Cloud computing is some kind of Internet-based
computing where application, storage and servers are given via internet connection. Cloud
based services are ideal for companies that involve continuous network connectivity and
bandwidth. Cloud Computing consists of several services: Infrastructure as a Service (laaS),
Software as a Service (SaaS) and Platform as a Service (PaaS) [17].

- SaaS: Users can get and use software with less money than buying and installing it. It
offers web reliability and security using SSL (secure socket layer).

- laaS: Infrastructure can be scaled up or down based on the requirement. Virtualization
as service allows clients to run the virtual machines. Network as a service includes
hardware for firewalls, routers, and load balancing.

- PaaS: Provides greater flexibility, speed and agility to the development process and it
reduces server storage costs [13].

public

Hybrid

cloud

private community

Fig. 3 Deployment models of Cloud computing

It represents an association of several terms like Application Service Provider, Grid Computing,
Server Hosting, Virtualization and Utility Computing [13, 17].
There are four deployment models of Cloud computing: public cloud, private cloud, community
cloud and hybrid cloud.
- Private cloud is aimed for businesses and used by single organization.
- Public cloud is aimed for software development and projects.
- Hybrid cloud is combination of two clouds (private, public or community) and is aimed
for big businesses.
- Community cloud is collaborative platform used by more organizations for sharing
same applications.
Cloud computing services first were offered by Amazon, Google, Microsoft, but now exist
many more. These services are used in many areas like software industries, government sectors,
health care sectors...
Architecture of cloud computing from the point of virtualization is given in Fig.4 [11].
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End User (terminal)
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——

Fig. 4 Architecture of cloud computing

According to the paper [11] end users get service anywhere and anytime through terminal using
computer or mobile phone.

- The user management layer is the relationship between user and cloud, and the user
access "clouds" through it.

- The service layer converts the cloud resources into the services (such as storage,
software as a service, platform, and services) which look after the end users.

- Virtual resources layer combines and handles virtualized resources.

- The second last layer handles the virtualization of all kinds of computing resources and
ensures that users do not have to deal with problems such as the actual physical location
of the machine, maintenance, and so on.

- The last layer is the base of the entire platform for cloud computing, storage of real
physical resources.

3. Virtualization in cloud computing

Virtualization in Cloud Computing creates a virtual framework of the server operating system
and storage devices. This will allow the same resource to be shared among multiple users at
the same time. Cloud virtualizations reduce computational work and deliver a virtual
environment in the cloud that can be software hardware or any other thing [17].

Main gains of virtualization in cloud are:

- Security (security is by means of firewalls that help keep data private. It can also
virtualize the entire data store and can back up a server where the data can be stored),

- Flexible operations (technical errors can be resolved in physical systems. It eliminates
the problem of recovering data from crashed or destroyed devices and thus saves time),

- Economical (saving money on physical systems, data is stored on a virtual server which
is a much cheaper investment and reduces electricity and maintenance costs),

- Eliminates the risk of system failure (the system can stop working at any time and thus
cause a disaster to the business. Therefore, data stored in the cloud can be retrieved at
any time with any device),

- Flexible transfers of data (the data is located on a virtual server and no time is wasted
to find it because it is easily accessible),

- Utilization of hardware efficiently (Cloud vendors deliver physical services without
deploying any physical hardware system),

- Auvailability increases with Virtualization (Data migration from one server to another is
safe. Also, we can access data from any location and at any time from any device),



- Disaster Recovery is efficient and easy (there is real time data recovery, backup of data
and duplicate, data damage is impossible),

- Virtualization saves Energy,

- Quick and easy setup,

- Cloud Migration becomes easy [17].
Virtualization is the key component of cloud computing. With the introduction of
virtualization, cloud computing enables users to not have to worry about the maintenance of
the physical host, the problem of management and optimization [11]. With the use of
virtualization, cloud computing brings not only benefits of convenience and efficiency, but also
great challenges in data security and privacy protection. Virtualization is important in cloud
computing because it abstracts compute resources and enables rapid scaling of resources [18].

Conclusions

Virtualization of computer systems is an old idea in a new edition. With the advancement of
computer technology and the development of hardware-assisted virtualization technology, as
well as the increase in power of today's computers, virtualization has taken a new dimension.
It destroys the "one computer - one operating system™ concept. As we have seen so far, a virtual
machine is a computer within a computer.

Virtual machine can be used for everyday use even by people who do not have extensive
knowledge of information services. But, of course, they also have a huge impact on IT
companies, so they improve their IT efficiencies. Many IT departments spend more than half
of their time managing routine administrative tasks, but with the help of virtualization, it is
possible to split a single physical server into several virtual machines. So, administrators can
manage multiple operating systems at once from a single physical server. They are independent
of each other, making them hardware independent. So, when we need to use multiple
applications and operating systems at the same time, the only thing to do is to properly install
and configure the virtual machine and then work with it flawlessly for a long time.

Cloud computing helps to get over the problems of losing data, accessing data whenever needed
and data security. This technology is mainly service oriented and focuses on cost reduction,
hardware reduction and only service pay.

Virtualization in cloud computing is creating a virtual image of the storage devices (servers or
network resources) so that they can be used on multiple machines at the same time [14].
Virtualization makes cloud computing environment easier to manage the resources.

With the many advantages and possibilities provided by these two technologies, we can say
that these technologies will continue to reorganize and modify many fields of human venture
for years to come [15].
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Abstract

COVID-19 epidemic has changed a number of aspects in various life activities. The epidemic had the greatest
impact on the education process itself. Pupils and students from classical teaching in their classrooms and lecture
halls have switched to online teaching. At the same time, a significant effort was made by the teaching staff to
adapt to the newly created situation. Aiming to assess the impact/influence of the online teaching on the success
of students, we set the main goal of this research to make a comparative analysis of students' grades in the same
courses in the period before the epidemic and during the implementation of online teaching.

In order to fulfil the purpose of our research, an analysis was made of the grades for three courses of the study
program in dental medicine - preclinical periodontology, periodontology 1 and periodontology 2 in the academic
year 2018/2019 when the teaching was carried out with physical presence, 2019/2020 when the teaching it was
entirely online and for 2020/2021 when a hybrid type of teaching was conducted. The pass rate of the exams and
the average grades for the three most important exam sessions - June, September and February are presented.
The results that we obtained within the research showed that there is significant change in terms of the pass rate
of the students, as well as the average grade regarding the three courses. The pass rate has shown significant
decrease, while the average grade regarding the courses increased during those years. This is solid ground for
comparisons to be made with other courses, modules, faculties, even universities, towards locating the reasons
for this reality. One possible and very reliable reason can be found in the fact that the change of the teaching type
from classic to online and than hybrid is big and fast change for the students, that led to decrease of the pass rate,
but most probably the students who passed the exam mastered the material better.

Key words

Epidemic, students, Covid-19
Introduction

The COVID-19 epidemic has changed a number of aspects in various life activities. The
epidemic had the greatest impact on the education process itself. Pupils and students from
classical teaching in their classrooms and lecture halls have switched to online teaching. at the
same time, there was a significant effort by the teaching staff to adapt to the newly created
situation.

Millions of college students from all around the world were forced into virtual learning due to
the pandemic in 2020. One year later, many colleges in our country, as well as in Europe and
United States of America were ready to welcome back students as the new academic year
begins, but there was still a lot of uncertainty about having the old good close communication
within the classrooms. This has led (at least, until now) to a declineof the classical teaching and
surely, for many institutions like our university, will undoubtedly be solid ground to continue
offering hybrid and/or online classes and teaching methods in general. Simultaneously, low
immunization rates, new Covid variations, and travel limitations will also affect the shape of
education in future.
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It must be stated that in the United States, students' colleges experiences increasingly rely on
online courses. Even before the Covid-19 pandemic forced faculties to switch to distance
learning urgently, many students were taking classes online. For instance, in 2016, more than
30% of all undergraduate students took online courses.[15]

The availability of the basic literature for learning the material and further, passing the exams
is of great importance in the success of passing the various exams. Two of the teaching courses
(preclinical periodontology and periodontology 1) that are taken in this research have
corresponding textbooks that are published on the electronic library of the university, while for
the third course - periodontology 2, students receive appropriate text from different authors.
Also, for the course of preclinical periodontology there is an appropriate practicum for the
practical exercises.

What needs to be emphasized is that although there are separate e-courses created for all the
three courses within tne university's e-learning platform where all the materials are to be
attached and available for the enrolled students, there is no presentation is attached within the
e-courses. Those e-courses were the place where e-colloquiums were conducted. However, it
must be noted that during the periods when there was online learning, students could download
presentations that were uploaded to Microsoft Teams. This was (and still is) one of the most
popular and used e-tools within the teaching process.

In accordance with the rules for studying on the first cycle of University Goce Delcev,[18]
several elements are important to be considered within the continuous assessment of the student
during the semester. The presence and/or activity on the theoretical teaching is valued up to ten
points, the presence and/or activity on the practical exercises is valued also with 10 points
maximmum, the semester’s project (project task) is also valued with 10 points maximmum and
there are two continuous assessments of the knowledge - colloquiums that are conducted during
the esemester, one in the middle and one at the end, each with 20 points maximmum. The final
exam for each course is valued with 30 points. Each of the subjects carries one grade
independent of eachother. It should be especially noted that the scoring of the practical teaching
is carried out according to the following criterion - 0.3 points for attendance and 0.7 points for
previous theoretical preparation and success in working with patients.

Online courses and training are very popular nowadays and more and more institutions and
companies are offering courses online. The most important advantage about online learning is
that individuals can take courses from the comfort of their office or home.When online teaching
is present, students do not interact directly with professors and teaching assistants. One of the
most frequently cited difficulties by students is the fact that they feel difficulties to ask their
online teacher questions as the communication is often very impersonal (everybody are on
channel).However,most of the online courses often offer alternatives, such as online
forums,email,andchatrooms in order to remove this negativity. These alternatives can help
individuals to get answers to their questions.

Classical teaching primarily helps students and teachers to get to know each other in a better
manner. This allows teachers to know the students and evaluate their strengths and weaknesses
better, act as mentors, and guide students in their career possibilities. In a traditional classroom,
students can directly share their views and clarify their own queries with the teacher, thus
getting their questions answered right away.For the most students, also books and notes from
the classroom are very helpful for studying and passing exams.

Numerous published studies indicate that, in comparison to traditional face-to-face teaching
and learning, near-term valorization of student’s learning and performance, such as course
completion, grades, and success in subsequent courses, are slightly lower in online
conditions.When compared to on-campus programs, bachelor's degree students in online
programs perform worse on nearly all test score measures.

According to Fischer et al [8], when compared to students who take the courses required for
their major in person, online students have a slightly shorter time for degree completion and are

more likely to graduate in four years.



Prior to the transition to distance education as a result of the Coronavirus pandemic, online
courses have opened up for postsecondary education, and a significant number of students have
taken classes online. [1, 15] For instance, McFarland et al [15], in the fall of 2016, an estimated
5.2 million undergraduates in the United States, or 31% of all undergraduates, were enrolled in
at least one online course. There is a number of factors at the department and student levels that
are contributing to the increasing availability of online classes and the rising number of students
enrolling in them.

According to some studies, there has been significant pressure on university students, but the
effects have varied depending on socioeconomic status The most adversely affected students
by the confinement were those who lacked adequate computer equipment, access to networks,
or a private room where they could take telematic classes. [17]

According to Jamal [12] the following are some of the main benefits of online education: (1)
access from any online computer at any time; (2) takes into account busy schedules; (3) course
content is better understood and retained, according to some researches; (4) presence of more
important discussions; (5) focus on writing, technology, and life skills like time management,
independence, and self-control; (6) increased interaction and discussion between students and
teachers; (7) a learning environment that is more student-centered; (8)presence of more active
learning and less passive listening; (9) a greater sense of synergy and connection; (10) increased
creativity and variety in educational activities; (11) adaptation to a variety of learning styles;
(12) ability to manage grading online and to document interactions over the internet; (13) make
room for more students; (14) reduce the burden on the limited infrastructure of the campus; (15)
offer options to students; (16) reach new markets for students; (17) increase enrollment by
appealing to existing students.

Also, students while on-line teaching may be able to enroll in courses that they otherwise would
not have been able to because of departmental scheduling constraints or over-enrollment in
those courses. [9, 14] Students can enroll in additional classes by meeting their individual needs
to avoid travel and by assisting students in avoiding scheduling conflicts with jobs, internships,
and other out-of-class commitments. [6, 11]

There has been little research done on the significant but cumulative effects of the COVID-19
pandemic on students' academic performance. Aiming to assess the impact of online teaching
on the success of students, we set the main goal of this research to make a comparative analysis
of students' grades in the same subjects in the period before the epidemic and during the
implementation of online teaching.

1. Material, method and essential information about the courses

During this research, an analysis has been conducted regarding the grades for three courses of
the study program dental medicine, first cycle of studies, faculty of medical sciences,
University Goce Delcev in Stip, Republic of North Macedonia:

e Preclinical periodontology,
e Periodontology 1, and
e Periodontology 2,

The grades that were matter of the analysis were obtained as finals of the teaching of those
courses that was carried oud during:

e Academic year 2018/2019, when the teaching was completely carried out with
physical presence,

e Academic year 2019/2020, when the teaching was entirely online and

e Academic year 2020/2021, when there was a hybrid type of teaching.
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The data were generated from the students’ information system of the university — e-index. It
is a complex software solution that integrates and automates the administration of the student
completely. In terms of academic year, exam sessions in September, February and June are
taken into consideration respectively each academic year, with no difference whether it is
regular or non-regular exam session.

Periodontology is a science that refers to the periodontium, i.e. the supporting tissues of the
tooth. After caries, periodontal diseases are the most common oral disease. Up to 90% of the
population has some form of periodontal disease.The pathological processes that occur during
different periodontal diseases lead to a gradual but progressive loss of teeth.

Within the curriculum for studies in dental medicine, there are three courses covering the field
of periodontology: preclinical periodontology — compulsory course in 8" semester,
periodontology 1 in 9" semester and periodontology 2 in 10" semester of the study program.
Each of these courses is designed according to the curriculum and consists of lectures and
exercises. During the teaching of periodontology 1 and 2, the exercises are clinical practice,
and the students work on real patients, participating in the diagnosis and treatment of
periodontal diseases.

The skills that the students are expected to acquire with studying and passing the exam for
preclinical periodontology course aim to familiarize the students with the anatomy, histology,
and physiology of the supporting tissues of the tooth, with the classification and epidemiology
of periodontal diseases, with the risk factors and determinants of the disease, as well as with
the etiology of the disease. Competencies that students should have after passing the
periodontology 1 course are relateted on the occurrence of periodontal disease, clinical signs
and symptoms of periodontal diseases, occlusal influences, as well as working with patients in
field of periodontology.In the last semester of studying this area is covered with in the
periodontology 2 course, where students are trained for the therapy of periodontal diseases.
One assistant professor from the field of periodontology and oral pathology participates in the
theoretical teaching of the given courses, while in the practical teaching, an external associate-
master of dental sciences participates is also engaged to deliver the necessary material to the
students.

2. Results and discussion

The data from the students’ information system, related to the prerequisites listed earlier are
shown below.

Table 1. Pass rate through the years

Academic Number
year Course P/F Number of passed Percentage
2018/2019 Preclinical periodontology Passed 21 57 95,00%
Failed 2
Periodontology 1 Passed 16
Failed 1
Periodontology 2 Passed 20
Failed O
2019/2020 Preclinical periodontology Passed 30 83 89,25%
Failed 9
Periodontology 1 Passed 23
Failed 1
Periodontology 2 Passed 30
Failed O
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2020/2021 Preclinical periodontology Passed 13 48 71,64%

Failed 16
Periodontology 1 Passed 18

Failed 2
Periodontology 2 Passed 17

Failed 1

Source: E-index, University Goce Delcev in Stip

Summary, over the years, the decrease of the pass rate is pretty obvious (Figure 1).

Pass rate
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80.00% 71.64%
60.00%
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20.00%

0.00%

2018/2019 2019/2020 2020/2021

Fig. 1. Pass rate through the years
Source: E-index, University Goce Delcev in Stip

The tendency of the decrease of the pass rate is pretty significant, especially for the last
academic year 2020/2021, where 71% of the students that applied for final exam has passed it.
Regarding the average grades related to the courses through the academic years, that indicates
how much students have learned from the material, based only of the sample of the students
that have passed the exam, the results are below. We assume that higher grade means higher
quality of learning and understanding of the material from the student (it is pretty general in
this research).

Table 2. Grades average by courses and academic year
Average by academic

Academic year Course Average year
Preclinical

2018/2019 periodontology 6,17 6,34
Periodontology 1 6,40
Periodontology 2 6,44
Preclinical

2019/2020 periodontology 6,78 6,46
Periodontology 1 6,33
Periodontology 2 6,24
Preclinical

2020/2021 periodontology 6,40 7,16
Periodontology 1 7,63
Periodontology 2 7,30

Source: E-index, University Goce Delcev in Stip

Average grades show tendency of increase through the years (figure 2).
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Average grades through academic years
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Fig. 2. Average grades through the academic years by courses
Source: E-index, University Goce Delcev in Stip

It is clear that there was a tendency of increase of the grades’ average in general, even though
it is not the case with all the courses.

Average grade
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Fig. 3. Average grade through the academic years
Source: E-index, University Goce Delcev in Stip

The difference is particularly noteworthy during the year when everything was hybrid, with
highest grade average of 7,16.

In contrast to the results of our study, Bashir et al [3] indicated that students achieved higher
grades with online assessments.

Even after adjusting for the effects of additional variables that may contribute to the
differences, the findings indicate that the pandemic has a small but significant impact on grades
in higher education. The highest grade increasing effect ever reported in the literature, 9.21%,
was found by Karadag in 2021.[13]

Online and distance learning are a part of higher education. From this point of view, a higher
priority should be given to educators' abilities for teaching online. Grades in mandatory
courses, according to Carter and Lara [5] should be assigned as successful/unsuccessful and
these courses should not be counted toward the general weighted grade point average without
increasing the existing online education capacities of higher education institutions and online
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education competencies of educators. It is advisable to write guides on effective assessment
and evaluation procedures for online learning.

Working independently in an online course may have advantages and disadvantages, despite
Berry's [4] research suggesting that students do not view it as ideal. Students found online
learning to be more flexible than traditional face-to-face learning, according to Hass and
Mathew's [10] study comparing traditional face-to-face courses to online courses.

The majority of online and hybrid courses offer students access to a wide range of educational
resources. The researchers discovered in a previous study that students with the highest access
rates also had the highest academic achievement.[16]

Due to its complexity, the term "academic performance™ is frequently disputed. However, it is
widely acknowledged that the best measure of a student's academic performance is their grades
in the university-level courses they take.[2] According to these studies, the COVID-19 lockout
has had negative effects on students' stress levels, schools' and universities' lack of adaptability,
students’ and teachers' lack of knowledge of the technologies and implementation
methodologies.[7]

At the and we have to note that we are aware that our study has some limitations. It is
challenging to extrapolate our results to other universities worldwide. Also, the sample size we
have available is poor. Despite this drawback, our findings demonstrate the detrimental impact
of the digital learning on the educational outcomes for students. Access to reliable internet is
essential for students' academic success, especially institutions—Ilike our university—integrate
online learning to combat the effects of the Covid19 pandemic.

Conclusions

Based on the processed data, we can notice that the pandemic and online teaching in the
given academic years significantly affect the pass rate of the exams, while it decreases
over the years. On the contrary, it has been observed that in the year in which there is
hybrid teaching (combined teaching) there is a significant improvement in the average
grade for the examined subjects. We think that this phenomenon is due to the lower
passing of the exams, but also to the fact that those who passed the exam mastered the
learning material better.
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Abstract

Information security is a priority at the national and world level, which results with the need to define certain
security violations with the ultimate goal of successfully preventing information breaches, and with that quickly
and successfully remediating the consequences. In a cyber war scenario, the energy and financial sectors are
considered as the most critical to national security. The identification of key weaknesses, risks and potential
exposure to cyber threats in energy systems, as well as the creators of cyber incidents, can be performed based
on the perception of possible cyber attack scenarios. At the world level, there are several models for assessing
and managing security risk (ISO/IEC 27001, NIST 800-53, COBIT, OCTAVE Allegro, etc.) and therefore the main
goal of this research is to sublimate and compare the values of the most frequently used methodologies, which
will enable the selection of the best model for the successful prevention of information breaches and the quick and
successful remediation of the consequences. This paper analyze the application of current standards and
methodologies for managing information-security risks in the elements of Cl, assessment of the level of application
of standards and methodologies in the institutions, which are part of Cl, as well as determining a way to improve
the management of current information security risks.
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AncTpakT

Henec ungopmayuckama u KoMyHUKayuckama mexmoio2uja ce pevucu nacekade, na u 60 0OpPA308aHUEMO.
Yuenuyume yuam co ynompeba na xomnjymepu u mexnHonocuja u co HUGHA NOMOUL CEKOjOHeGHO pa3eueaam HoGu
sewmunu. Bosedena e nHoga eenepayuja na eOykamuHu anamki co Kopucmerse Ha MoounHu ypeou. Moobunnama
Hacmaea e 3a NAAHUPArse U U3BPULY8arbe Ha yuere npexy moournu ypeou. O6oj nauun Ha yuerse modice 0a éiujae
u Ha npogecopume (npedasavume), u na cmydenmume. Osa yuerbe e 0803M0JCEHO U npexy Mnmepnem Koj
nomaea da ce co30adam cogpemeny Memoou Koaa ce unmespupanu co nedazowkama nacmasa. Llenma na osaa
cmyouja e 0a 2u paseneda npudodusKume u NepcneKmueama Ha MoounHume ypeou 60 00pa30eanuemo, Kako u
npeousguyume 3a yHugepumemume, npogecopume u cmyoenmume 60 Hej3UHOMO CNposedysarve.

KiayuHu 300poBu:
HUKT, mobunnu ypeou, mobunna Hacmasa
Bosen

OO0pazoBaHueTo € IJlaBHA pa3BOjHa ajlka BO OMIUTECTBEHHOT CHHIIMP Ha cekoja apkaBa. bes
o0Opa3oBaHHe, HO M CO JIOIIO KOHIMIIUPAHO M MEHAUMpPaHO 0Opa3oBaHHWE HEeMa HANpEeNoK U
pa3Boj, HeMa UAHUHA. 3aTOa BETMME JieKa 0J1 00pa30BaHUETO 3aBUCH MJIHMHATA M OTICTAHOKOT
Ha cekoja npkaBa. Koiky e mogo0po KOHIMIHUPAHO U MOCTABEHO Ha 3[PaBH OCHOBH, KOJKY
mo100po ce CIpoBenyBa U MeHaupa 00pa30BaHUETO TOJKY IOBEKE JIp)KaBaTa Ce pa3BHBA BO
BHUCTHHCKA HACOKa.

Bo 18-tuot u 19-tnoT Bek, 06pa3oBaHueTO Oelie MpUBUIIETH]a Ha 0OTaTUTE KOU ce 00pa3yBaa
noMa. YUuuTenuTe Joaraa BO HUBHUTE JIOMOBM Ja TM MOAydYaT M UM T'M HOcea MOTPEeOHUTE
kaurn. Ho, npkaBuTe yBHmoa Jeka OOpa30BaHUETO € BaXHO 3a CEKOja HMHIWBUAya W
MPETCTaByBa € pa3BOjHA KOMIIOHEHTA Ha OMIITECTBOTO, 3aT0A TOA MIPETPIIE MPOMEHH BO MOTIIE]
Ha MECTOTO W HAYMHOT Ha HETOBO CIpoBenyBame. Bo MuHaTHOT 20-TH BeK, 00pa30BaHUETO Ce
OpraHM3Mpalie u CpoBeyBallle BO YUHIUIITaTa KaKO II1aBHU MECTa 32 yUeHe, a YIeOHUIIUTE
UM Oea HMBEH COCTaBeH JeJ. YUSHHIINTE W CTYIACHTUTE BO CEKOj CTETIEH Ha 0O0pa3oBaHUOT
npolec ydea oJ1 y4eOHHMIIM, KoM 0ea WACHTUYHU U 33JJ0JDKUTENHU BO cekoe yuminumre. Ilo
Y4eOHHIIN c€ OJBUBAIIIE IEIUOT Tpoliec, 6e3 c1odo0aeH mTpocTop Ha yuutenute. JJoManHoTo
MOAyYyBamke HE c€ MpakTUKyBalle, a YYWIHIITETO C€ CMeTalle 3a TJIaBHa 00pa3oBHA,
COIMjaJTHA M OMNIITECTBEHA CpeArHa, Koja Oelle TeMesl Ha YYeHEeTO M Pa3BOjOT HAa Milajara
uaauBuaya. Cenak, ako HEKO] YUCHHK WMAIle 3a/lada WM CaMOWHMIIMJaTUBHO Cakalle /aa
HCTpa)kyBa WJIM Jla TIPOYMTA HEIITO MOBEKE O/ OHA MITO Oemie BO 0a3MYHUOT YICOHUK TOTaIll
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TOj Tpebale 1a MTOMUHE YaCOBU M YaCOBH BO OMOIMOTEKA U ]a TPOYNUTAa MHOTY KHUTH, OUejKku
COJIp’)KMHATA HAa CEKOja KHUTa He MOXKeE Ja J1aJie CeKoraul npelr3Ha nHpopmaiiyja 3a oHa IITo
9UTaTeNoT TO O6apa. 3aToa, Oelie HEOMXOHO A C€ MPOYNTAAT MHOTY KHUTH.

Ha kpajoT o 20-THOT Bek MOCTENEHO CE€ BOBeyBaa KOMIIJyTepUTE KaKo MOMOIIIHA ajaTka BO
MPOIECOT Ha YUCHETO BO YUMIIMIITATA. 3all0YHA epaTa Ha JUTHTalIn3alja BO YUWIHIITATa U
BOOIIITO BO 00pa3oBaHUeTO. Pa3B0OjOT Ha KOMITjyTepUTE OJIelIe MOIIHE OpP30 U THE CE TIOBEKE
Y TIOBEKE CTaHyBaa HepasJenuB el 0]l 00pa30BHUOT cucTeM. Bo Toa mpumoHecoa u mojaBara
U pa3BUBAKETO HA MOOMIIHUTE Tele(OHU U IPYrUTe MOOWIHMU YpelIu, KOM Ha HEKO] HauuH
Ja10a MOTTUK J]a e HAay4H 10 HEeIITO U HajBOp oX yumiuirero. Ho, MHOTY Op30 oBHE ypenu
ro 3aMEHH]a OJICHETO U CEICHETO BO OMOIMOTEKUTE, OMIejKH TpebapyBameTO CO HUB Oelie
noe(eKTUBHO U OOP30, HO U (POHJOT HA KHUTH MHOT'Y TIOTOJIEM OTKOJIKY ILITO MOXKE (PU3HUKU
na Ouje onpeMeHa eaHa 6ubnuoreka. Cemnak, 00pa30BaHUETO MOCTEIIEHO CE€ JUTUTATN3UPADE,
ce MEHyBalle M IMPHJIAroJyBamie co HEKOE TeMIIO, KO€ MM OAroBapalle Ha CHTE HETOBU
YUHUTENU. YUUJIMILTETO c€ yIITe Oelle He3aMEeHJIMBO BO CIPOBEIYBAaHETO HAa 0OPa30BHHOT
MpoIiec, He3aBUCHO O Pa3BOjOT HA TEXHUKATa, TEXHOJIOTHjaTa, a U JOCTAITHOCTA IO CUTE THE
TEXHUYKH PECYPCH.

Bo 2020-ta au ce ciyan KoBun-19, nmangemuja Bo cBeTcku pasmepu. [lannemuja xoja craBu
KJIy4 Ha YYUJTUIITAaTa U HACTAaBHUOT MpoIiec BO Hero. HaunHOT Ha y4eme U ce OHa IITO 3HAYECIIIEe
oOpa3oBaHKe O TOTaIll 3aMHHA BO McTopujara. CuTe Mucliea Jieka oBa ke OUe €CH JION U
KpaTOK MEepUOoJ O] HAIIUTE XXKUBOTH, KOj ke ro npedpoaume 6p3o u ycnemHo. Ho, cemak He
Oermie Taka, a yYSHHIIUTE MOPaa J1a MPOJIOJDKAT J1a y4aT U 0Opa30BHHUOT MPOLIEC HE MOXKeEIIE J1a
Ouzie MpeKuHaAT CO Mecelr. 3aToa, CUTE AP>KaBU BO CBETOT 3aloyHaa Ja 6apaaT HOBH HAUYWHU
3a CIpoBeyBame Ha 00pa3zoBaHueTo of aaneunHa. Ce 6apaa Op3u U OAPKIMBUA MIPOMEHH 3a
yueme o1 1oma. MictoBpemeno Tre Mopaa 1a Ounat u noaeaHakBo edpekruBau. OOpa3oBaHUETO
Mopaille 3a KpaTko BpeMe Ja ce MPUIIaro Ha HOBUTE MPEIU3BUIIN, HAKO HUIITO HE OelIe HCTOo
Kako mpes Toa. KoMijyrepurte u ocTaHatuTe MOOUITHU ypeau Oea HajlOBUKAHU 32 BAKOB BUJT
Ha o0Opa3oBaHME M CTaHAaa He3aMEHJIMBA anaTka BO 00pa3oBHUOT mporec. Jurnranuzanujara
Ha 00pa3oBaHMETO Mopallle Ja ce ciay4yu Op30 u BegHaml. Hemare Bpeme 3a 0JUI0XKyBambe U
TECTHpame Ha KOMITjJyTepCKHUTe MIaTGopMu o NajednHa. YUWIHMINTaTa HU3 MEJTHOT CBET
3aloyHaa Jia KOpUCTaT pa3iMyHM IUIaTGOpMH 3a JAJICYMHCKO yuerwe Kako mTo ce Microsoft
Teams m Zoom BO 3aBHCHOCT OJf HMBHATa MpOIEHKAa 3a JoOpo W KopucHo. He mocroeja
IIPENopaKky, COrieyBamkba U pe3ylTaTH O]l BaKOB THUIl Ha oOpa3oBaHue. Llennor oOpa3oBeH
CHCTEM BO CEKOja JprkaBa Oele U CeYIITe € €IeH II100aJeH TECT 3a JATICYUHCKO YUCHE.
Cenak, 00pa30BaHUETO HE € HELITO IITO ce JeQHHUpa eIHAIl U KaKO TaKBO C€ CIIPOBEAyBa U
PaKoBO/IM CEeKorall Ha WJEHTHYEH HauuH. Toa e mpouec Koj MocTojaHo Tpeda J1a ce MeHyBa U
pa3BUBa COOUYYBAJKM C€ CO BPEMEHCKUTE NpPEAM3BHUIM, TOJEMHUHATa HAa YOBEUKUTE H
TEXHUYKUTE PECYpCH BO camara Jp’kaBa. buiejkm HUTY eqHa apkaBa HE € M30JHpaHa OJ
JpYyTUTE AP>KaBU OKOJIY Hea, Hej3MHOTO oOpa3oBaHue Tpeba Jja ' ClIeAN U Ja ce MPUIIaroiu Ha
00pa30BHUTE MPOIECH HA APKABUTE OKOIY Hea, JPKABUTE BO PETHOHOT, Ia W TI00ATHO BO
cBeToT. OOpa30BaHUETO € MPOoLiec KOj HEMUHOBHO C€ pa3BHBa BO HOPMAJIHU YCJIOBH, KAKOB LIITO
Oelie >KMBOTOT IpeJ IojaBaTa Ha MOOWJIHUTE ypeau M HHUBHATa yrnoTpeda BO paMKUTE Ha
00pa3oBaHHETO.

1. MoOuJiHO yueme

Jlenec uH(pOpManUCKaTa U KOMYHHKAIIMCKaTa TEXHOJIOTHja C€ PEYUCH HaceKkajae, ma U BO
oOpazoBanneTo. OOpa30BaHUETO € MPOIIEC CO KO MYAPOCTa, 3HACHETO 1 BEIITUHUTE HA €THA
reHepalyja ce npeHecyBaaT Ha ciefHara. JleHec mocrojar aBe (opMu Ha 0Opa3zoBaHHUE:
KOHBEHIIMOHAITHO 00pa3oBaHMe M 0Opa3oBaHME HA AajieunHa. Bo meHemeHo BpeMe, HAIINUTe
namMeTHu TenedoHW TM KopucTuMme OykBamHO 3a ce. KomyHHKalMja co NpujaTiutre u
CEMEjCTBOTO, OHJIAjH IIOMMHT, HApauyBamke XpaHa, UTPAkbe UTPH U 32 MHOTY JAPYTH paboTH.
Janu Tpeba 1a KOpUCTUME U TAMETHU TeJeOHU 3a yueme?
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BoBenena e HOBa reHepalja Ha eIyKaTWBHU alaTKU CO KOPHCTEHE Ha MOOWIIHHUTE ypelu.
MobunHOTO y4ewe, Wi ,,M-y4eme’’, HyJd MOAECPHN HAYMHU 3a MOAAPIIKA HA MPOIECOT Ha
ydeme MpeKy MOOMIIHU ypeau. MoOWIHUTE ypeau ja BKIY4yBaaT CeKoja MPEHOCINBA U JIECHA
3a KOPUCTEH-E TEXHOJIOTH]a, KAKO IITO C& OCHOBHUTE MOOWIIHU TeNeOHH, TaMETHH Telae(oHH,
e-unTayn, HeT Oykc, Tabnery, iPad u kommjyrepu [1]. Tue naBaat Gp3 u JeceH MpucTam a0
MHOIITBO Ha pecypcu. MoOMIHMTE ypeau JOoBeayBaaT 0 HOB OOpa3oBEH MOJEN HapedyeH
MOOWJIHO yuewe [2].

MobunHOoTO yueme e motpebda, a He sxennda. Ce BepyBa JieKa CO JO3BOJIYBambE¢ HA YUCHUIUTE J1a
KOpucTartr MOOWIHU yp€au BO Y4YHWJIHUIIATA, MOTI/IBaI_II/IjaTa 3a YUCIC U IMOCTUTHYBAILEC Ha
pesynratu ce sronemysa [3]. CTymeHTuTe cakaaT MH()OPMALMCKUTE U KOMYHHKAIIUCKHTE
TEXHOJIOTUH Ja TO Moao0paT HUBHOTO YHHBEP3UTETCKO HCKYCTBO, Kako M Ja obe30emar
HCKYCTBA KOU C€ IIPEHOCIMBH Ha CHTE aCIEKTH O HUBHUOT XHUBOT [4]. CTyaeHTHUTe cakaaT 1a
Ouaar BO 4eKOp CO HOBUTE TEXHOJIOTUH 3a Ja UMaaT oJ00pa U MOYCIEIHa Kapuepa.

2. Pa3iuku noMery eJeKTPOHCKO (e-yuerme) H MOOMIHO (M-yueme) yuee

YecTto MOOHIHOTO YUYCHE CC ITOUCTOBETYBA CO CICKTPOHCKOTO YUCHC. HO, THEC HC CC CIHO, I1a
HUCTO U HUBHUTEC PA3JIMKU CC CYMHUPAaHH BO AaJiCHATa Tabena.

Ta6ena 1 Paziuku nomery eJIeKTPOHCKOTO U MOOMJIHOTO y4ere

E-yuemwe M-yuemwe
—
Jepunuyuja epunuyuja

Enektponcko yueme e dopmMa Ha | MoOWiIHOTO yuyewme € (popma Ha ydeme U
o0pa3oBaHue Kajie YUCHETO M HacTaBaTa Ce | HacTaBa INTO BKIYYyBa MOOWIIHU YpPEIH.
OJIBUBaaT TMPEKy HWHTEPHET, KOPUCTEJKU

CJICKTPOHCKHU YpECIau.

Ilpucman Ilpucman
HNako moxe na ce mpuctanu co WBT, | [IpucraneHo ox kaxe 610 BO CEKOE BpeMe.

CTaTHYHO €.

Ypeou Ypeou
EnekTpoHCKOTO yd4eme ce OJBHBAa IMPeKy | MOOWIHOTO y4Yeme Ce OJBHBA  IPEKY
KOMIjyTeépd W  JanTolM,  BKJIyYyBa | MOOMIHH ypeau Kako MaMeTHH Tele(OoHH u
ornepaTHBHU cucTeMu kako Windows, Linux | TabieT W BKIydyBa OMNEPATUBHH CHCTEMHU

u Mac. kako 10S u Android.
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Muszaju Juszajn
KypceBute 3a e-yueme Moxe na kopucrat | KypceBure 3a wM-yueme He Tpeba ma
CJIOKCHH U TTOTOJIEMH JM3ajHU U MOYJIH. BKJIYYyBaaT MOCJIOKECHU TpaduIly U ICTATHHA
nndopmanuu. [lokpaj Toa, Tpeba ga Oumar
IM3jaHUpPAaHH CO EIHOCTABHU €KPaHU U

€IHOCTaBHA HABHTAIlH]a.

Bpemempaerne Bpemempaere
[lomonru 1 MOMMPOKU KypceBH 01 M-yueme. | Kpatku Moaynu co mpernopayaHa rojieMuHa:
[Ipenopauano: 20 munyTu a0 lyac. 3-15 munyTH.

Llen Len

I'm yum crynenture Ha cneuuduunu | [Ipucram 1o nHGOpPMALIMU BO MOMEHTOT KOTa

BEIITHHYU MWW MPEHECYBa JUIA0MHCKO 3HACHE | € MoTpeOHO. 3a TOJJApIIKa Ha TEKOBHHOT

3a HEeKOja Tema. IIPOLIEC HA YYEHE KaJIe IITO Ha YYEHUKOT My
JIBe KIIy4HM LIETH 32 yUCHE! Tpeba Op3 mpuctanm 10 JEJIOBH  Of
Paz0upame u 3aapKyBame. nHpopManny, OOMYHO BO JBIKEHHE.

3. l'[pe)msBmm CO KOM C¢ coouyBaMe 1pu MOOHJIHOTO yYuewme

[Ipodecopure u CTyAEHTUTE UMaaT HCTOBPEMEHO TTO3UTUBHU M HETATHBHH Pa3MUCITyBamba 3a
KOpHCTEeHe MOOHUIIHU ypeau Bo oOpa3oBHHOT mpoiec. [Ipodecopure moseke ce mimamar of
KOPHUCTEHETO HAa HOBH TEXHOJIOTUM M METOJIM BO YUCHETO 3a pa3linKa O]l CTYACHTHUTE.
[Ipodecopure cmeTaaT neka METOAOT € 100ap 3a yUYSHHUIIUTE - HE UM TpeOaaT KHUTH, TETPATKH,
caMo ypea, HO HCTO TaKa Ce TPIKAT M 3a 3/[paBjeTO Ha YYCHHUIUTE - KOPUCTCHETO Ha ypeIu
MOJK€ Ja BIIMjae Ha HUBHUTE OYH, IN1aBa (TJaBoOOJIKa), KAaKO M ce TulamaT Jia He To U3ryoar
TPAJIUIIMOHATHUOT HAYWH HA YYCHE CO KHHTH, YYWIHHIH, Kpelaa, TaOau W HajBaXXHO, CO
YUEHUIU BO MpeAaBaTHUTE / yauaHUIuTe [8].
Cnopen npodecopute, MOOWIHUTE YpeaW TMO3UTHUBHO K€ BIMjaaT Ha MOTHBallMjaTa Ha
CTYIEHTHUTE, HHCTIMpAIINjaTa, kejbara 1a Haydart moBeke, KOMyHHKaIijaTa, THMCcKaTta paboTa,
copaboTKaTa U CIIOCOOHOCTA 3a UCTPaXKyBame, TOMAITHUTE padoTa u mpoektute. Ho, criopen
HUB MMa ¥ JI0CTa MPEAU3BHUIN CO KO CTYIEHTUTE K€ MOpa Jla Ce cooYaT, KaKo IITO Ce:
e npoOiemMuTe co npuBaTHOCTa U 0e30eqHOCTa,
® paceaHOCTa € MCTO TakKa €JIeH TOJIEM MPEAN3BHK 3a Mpodecopure,
® TIOCTOM MHCJICHE JIeKa yYCHHIUTE Ke TM KOPHCTaT ypeauTe 3a KOMYyHHUKaluja co
MIPHjaTENUTE U 32 UTParbe UTPH, a He 32 KOPUCHU pabOTH,
® PaKOBOJCTBOTO BO OOpPa30BHUTE MHCTUTYIHH (YHUBEP3UTETHUTE) MOpa Ja Tpe3eme
OJITOBOPHOCT J1a OJIOKHpa OJpeIeHH aITUKAlUU WK BeO-CTpaHUIM; a TPOdECopUTe U
aCHCTEHTHTE Tpeba Jla ce JIBMKAT HU3 KJIACOT 3a JIa ja KOHTPOJIHMPAaT U HaArIeIyBaaT
yrnoTtpebaTa Ha TaKBH YpeIu O] CTpaHAa Ha YUCHUIIUTE,
® HE CUTE CTYACHTH MMaaT MPHUCTAIl 0 MOJEpHA TEXHOJIOTHja (HEKOM CeMejCTBa ce
CHUpPOMAIITHH, @ HEKOH CTYJICHTH JKUBEAT BO PyPAITHH CPESIUHH),
e Ha Hekou y4eHHUIIM MM € TEIIKO Ja HAMUIIAT JOJTH TEeKCTYATHH OJrOBOPU HA YPEIOT
Mopajy HeIOCTaTOK Ha TacTaTypH. YmoTpeOaTa Ha MOCEOHHM TacTaTypH ja ocladyBa

MOKHOCTA U ja HaMaJlyBa MPEHOCINBOCTA,



e HeMma MpHUcTan A0 pPa3JIMYHU JTUTUTATHU KHUTH, YHUBEp3UTETHTE Tpeba aa UM
00e30enar Ha CTYACHTUTE IIOBEKE OIIINY,

® UYUTAKETO Ha rojieMa KOJMYMHA TEKCT Ha MAIMOT €KpaH Ha MOOWIIHUTE YPEAH € TEIIKO
Y MO’KE J1a TH 3aMOPH U OILITETH OYUTE,

e 3ary0ara e JJ0CTa rojieMa ako ypeAUTe Ce OIITETAT MM CKPIIAT, & IIOCTOU M MOXKHOCT
3a KpaxOa Ha ypeauTe Ha (aKyITETUTE WIM Ha JPYrH MecTa Kajae IITO ce KOPHUCTH
ypernor,

® HE CHTE CTYJCHTH CE€ KOMIICTCHTHHU 32 KOPUCTCHE Ha MOOWIHU YpeIu U MOXeOu ce
(bpycTpupaHu 1 MO>KeOH He cakaar J1a TH UCTPaKyBaaT MOKHOCTHTE.

[Tpodecopure 3HaaT Aeka CO KOHTHHYHPAHU OOYKH, paOOTHIIHUIIM M CEKOjJHEBHA paboTa ke
I'M HaJIMUHAT TPEIU3BUIINTE 3a YIoTpeOa Ha MOOMIIHUTE Ypear NpH yUeHe U N3BEAyBambe Ha
HactaBa [5]. 3HaaT W JeKa yUYeHHIMTE Ke ce MPHJIAroaar U noop3o ke ro npudarar oBoOj TUI
Ha y4eme BO Criopeada co HUB.

3a KOpHUCTCH€ Ha MOOWJIHM YpeIud 3a HacTaBa W Yy4YeHhe Ha YHHBEP3UTCTHTE U
BHUCOKOOOpa30BHUTE WHCTUTYIMH, OTPEOHA € MHTEPHET KOHEKIMja CO MpOKCU-cepsep. Bo
HCTO BpeMe, paKOBOJICTBOTO HAa MHCTHUTYILIMjaTa MOpa Jia TO OTPaHUYH MTPHUCTAIOT IO MHTEPHET
3a J1a ce n30erue HecooiBeTHa yrnotpeba. IHTepHeT-BpckaTa Mopa J1a Ouze co mpodui 3a CeKoj
YYEHUK CO 33/1/ICHO KOPUCHUYKO MIME U JIO3WHKA.

4. IlpugoOuBKHM 0 MOOHIIHOTO yUeH-€

MoOwiHUTEe ypeau ce BaXHHM 3a Hac OWJIEjKM HH OBO3MOXKYBaaT jaa copaboTyBame, na
KOMYHHIIMpame, J1a IprcTanyBaMe 10 HHPpOpMaluy, 1a KOHCTpyupaMme HOBU MH(OpMaIH, J1a
ce MoBp3yBaMe CO JOpYTH.... Tue ce HeBepojaTHO aoctanHu [8]. McTo Taka co HUBHA MTOMOIII
Moxkeme jaa ro kopucrume Google 3a ucTpakyBame, Hacekale M BO CEKOE Bpeme; Ja
KOPHUCTHME aIIMKAIMY 33 YUTamke; Ja MMaMe IMPHCTal A0 BUPTYEITHH OUOIMOTEKH, MY3eH,
MpexH; aa ja kopuctume Microsoft Teams mmardopma 3a HacTaBa; OBO3MOXKYBAaT yUeHe
0a3upaHoO HA UTPH H yUeme 0a3upaHo Ha MPOEKTH; CIOJCTyBAETO HAa JATOTEKH MOXE J1a ce
HamnpaBu Op30 U 0e3 HMKAaKBU MPOOJIEMM, CTYJIEHTHTE MOXKAT Ja IUIAHUpaaT Kako Ja ro
MIOMHHYBAaT CBOETO BpeMe KaKo IITO CaKaaT W MPETIOYUTAAT; CTYACHTUTE MOXAT Ja MMaaT
1300p BO OJTHOC Ha aIUIMKALUK, TIIATGOPMH, COLIMjaTHU KaHAJIHM, CTUJ Ha OLIEHYBamke U Taka
HaTtaMy; CIyIIAJIKUTE, OyOWIIUTE W JPYrUTe CPOAHM TepudepHU Ypeau CTaHyBaaT cCe
OBOOOMYAEHHU U KOPUCHH; MOJKE /1a (YHKIIMOHHMpPA KaKo IIEHTap 3a MPOJYKTUBHOCT 32 yUEHe
- TOTCETHUIIH, CHHCOIM CO 33Ja4M, aXypHupama Ha KaJeHIapoT, NOPaKH Ha COLMjaTHUTE
MpEXH, e-TIOLITa UTH.; MOXE J1a € KOPHUCTH 32 MPaBeHe KBU3 BO PEATHO BPEME U 3a J1aBambe
pe3yararu Ha mpodecopute o Op3UTe TECTOBH; MOXKE J1a C€ KOPHCTH KaKO KAJIKyJIaTop...
OBue ypenu wumaar rojieM NOTEHIMjal 3a TpaHchopMuUpame Ha Yyuyewmero. Hekou
JOTIOTHUTETHYU NPUYIUHHU [4], [6], [7] KOU ce cMeTaaT 3a MOBaKHU MTPU KOPUCTEHE HA MOOMITHU
ypenu BO YUMJIHMIATa KOTa CTaHyBa 300p 3a HACTAaBHUOT JIM3ajH U HH(PPACTPYKTYpa ce:

e  MoOOWIHOCT: HYIH YCIIOBH 32 YU€H-E BO IBIKEHE, aTaTKH 32 KOMYHHUKAIIH]ja HAJBOP
O]l YYMJTHHIIATa, HEKOJKY aKTHBHOCTH BO YYWJIHHMIATA MpeKy MHTEpHEeT amaTku
J07ieKa He MoXkaT (PU3WYKH Jla IPUCYCTBYBAaT HA YUMITHHUIIATA,

e Pa3HOBpPCHOCT: MYJITUTACKUHT (AJaTKH 3a Y4€H€ OHJIAJH, 3alUIIyBambe OeNemiKy,
MOCEeTyBamke aKTUBHOCTU BO yUMJIHMIIATa BO peanHo Bpeme, MS Office anmatka 3a
paboTa co JOKYMEHTH, aJlaTKH 3a ypeayBame CIHKH), 3a0p3yBame Ha MPOLECOT Ha
yueme,

e OxkonuHa 3a yuemwe 6e3 OyuaBa: iPad u mameten tenedon ob6e30eayBaat oniuja 3a
eKpaH Ha Jomup (HAacmpoTH KOMIjyTep, OWJEjKH €O KOMIjyTep KOPUCTHME
TACTaTypH | TIIYBIIM KOM C€ TJIACHU KOTa MPETHCKaMe Ha HUB),

e VHTEepakTHUBHOCT: yueHe NPEKy ayJuo/BUCO METUYMH, yUCHhe Ha HHTEPAKTHBEH
Ha4YWH KOPUCTEJKU BU3YEITHH €JIEMEHTH KaKo TPaUKOHH U CITUKH

o  DuexkcHOMIHOCT: aJlalTUBHA CPEIUHA 32 YUEHEe KOPUCTEJKU pa3IMyHH aluIMKaluy,
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e BwMpexyBame CO COLHUjAIHA MEAMYMH: KOMYHHMKAIMja MPEKY BEO-CTpaHUIM 3a
conujamHu MeauymMu kako dejcOyk u TBurep. OBUE CTpaHUIIU UM OBO3MOXKYBaaT
Ha CTYACHTHUTE Jla KOMYHHUIIMpAaT cO HUBHHUTE KOJICTH, Jla CIIOJETyBaaT 3HacHa,
BECTH W BHJEa, Ja JOOMBaaT OATOBOPH 3a CEKOja 3ajada W Ipallamka Off HUBHUTE
poeCOpH U TIOCTAPH KOJIETH OJ YHUBEP3UTETOT.

MOBUAHOCT

Pa3HOBPCHOCT

OKOJIMHA 3a yYyehe b6e3 byyaBa

MHTEPAKTUBHOCT

MOBUNHU ypeau

dnekcmbunHoct

lMprYnHM 33 KOpUCTEHE Ha

— BMpPEXKYBaH€ CO COLNjaIHU Meanymm

Ciymka 3 IIpuauHu P KOPUCTEeRme HA MOOUJIHH ypeau Bo yuminunara [6], [8]
5. 3akay4ok

On Tpynot Moxkeme 1a 3a0enexemMe aeKa MPUI0OUBKUTE 01 KOPUCTEHETO Ha MOOWITHH ypeu
T'Yl 3aCE€HyBaar Npeau3BULIUTe. 3HACJKH IO (PAKTOT JieKa MOBeKe eBPOIICKU 36Mji BOBE0A BAKOB
BUJ HA y4e-e, MPo(eCcoprTe Ce Ha/IeBaaT JieKa OBOj BU HA YU€HE Ke Ce MPOIIMPH U Kaj HaC U
ke ja pa30Oyu jxenbara Kaj y4eHHUIIUTE Aa CE UCTAKHAT BO YUEH-ETO MPE] CBOUTE BPCHULIU U Ja
ce cTpeMar Jia HallpeIyBaaT BO )KMBOTOT U Kapuepara. LlenTa Ha cekoj CTyZIeHT U YOBEK € Jia
Oune ycmemieH W Ja ocTaBH HemTo 331 cebe. Ce HajeBaMme JeKa KakO WHCTUTYIUja Ke TO
WHTETPUPaMe MOOUITHOTO YUCHE U K€ TH CJIeIUME HOBUTE TPSHIOBU IIIUPYM CBETOT.
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Abstract

Patients with salivary gland hypofunction typically complain of dry mouth, difficulty chewing, swallowing and/or
speaking; they hardly tolerate spicy, acidic, and crunchy food and often times report taste changes or difficulty
wearing dentures. It can also increase the chance of developing dental decay, demineralization of teeth, tooth
sensitivity, and oral infections. The goals of treating xerostomia include identifying the possible causes, relieving
discomfort, and preventing complications. In this study, we investigate the most effective frequency to increase
salivary secretion, without side effects on the skin and orofacial structures. Transcutaneous electric nerve
stimulation (TENS) is a simple, inexpensive, and non-invasive modality that uses electric current to activate
nerves for therapeutic reasons. It is a non-pharmacological method of pain management for which it is widely
used. Application of electric impulses to one or more of the three components of the salivary reflex arch should
theoretically improve salivary secretion and lessen the various long-term effects of hyposalivation. For this study
were analyzed totally 23 published studies in the last 10 years. The study is made on narrative review of published
articles that were go into the related subject, evaluation of the impact of a transcutaneous electrical nerve
stimulation (TENS) system on patients' dry mouth and salivary flow rates. The TENS unit was effective in
increasing the quantity of stimulated saliva and was also found to be more effective in increasing saliva in diabetic
individuals. From the results of the study, it can be concluded that TENS was effective in increasing the salivary
flow rate in hyposalivatory patients with residual saliva.

Key words

Salivary glands, xerostomia, saliva flow rate, dry mouth therapy, TENS, hyposalivation treatment.
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AncTpakT

Excmpaxupanume 3a6u cé ywme ce cmemaam 3a KIUHUYKY OMNAOEH MAMepUujal u Kako makeu ce cmemam 3da
Heynompebnueu. Merymoa 60 OenewHo 6peme co npumenama ua cneyujarnuom anapam-SDG 00
excmpaxupanume 3a0u ce 000U68a A8MON02eH OEHMUHCKU 2papm.

Inagnama yen na mpyoom e 0a ce npemcmasu HOBUOM NPOMOKON U HOBAMA Npoyedypa Ha dobusarbe Ha
MUHEPATUUPAH A8MON02eH OEHMUHCKU 2PAdm KOPUCMEJKU CBENCO eKCMPAXUPAHU 30U, KOHKPEMHO 80 060j
mpyo npumeHem 3a Npe3epeayujd Ha al8eoiaper 2pebeH U CO MOJICHOCH HA ynompeba 60 NONOJHYEANE HA
Odeghexmu 60 GuAUUHUME KOCKU U YETOKYAHUOM CKelemeH cucmem. Hcemo maxa yeima e Hacouena KOH
O0oKadiCcysarbe HA BUCOKUOM nomenyujanr Ha asmoiaocuuom oenmuncku epagpm (ADG) 6o pecenepuparve na
KOCKeHUme U MeKOMKUGHUMEe CMPYKMypu 60 GUIUYHUME KOCKU, 3a4y6Y8ajKu 2u Npumod 6epmuKdaiHume u
XOpU30oHmManHume OUMeH3UU Ha angeorapruom cpeben. Kopucmena e anapamypama napeuena Smart Dentin
Grinder (SDG) xoja 0603mosicysa 3a Kpamok epemeHcku nepuoo 00 3 ceKyHOUu 0a ce COMeau eKCmpaxupaHuom
3a6 60 OenmuHcku 3pHya co eoaemuna 00 300 do 1000 u. [Jobuenume OeHmMuHCKU NAPMUKIU NOONESHY8AM HA
Xemucka obpabomka co nomoui Ha ynompebenume xemucku peazencu. Ilenama npoyedypa e uzsedena no
npomoxonom na ltzhak Binderman (2014 200). [{o6uenuom ADG npemcmasyea conuden u npouucmen pagpm
Mamepujan co 3a00801U0EIHA KOAUYURA 3 nompebume 80 opannoxupypuxume unmpesenyuu. Ce ynompebysa
UMeOUjamuo U eKOHOMCKU € NONPUGAMIUE 3a nayuenmume. [JeHmuncKume YeCmuuky Kou ce KOpUCmam KaKo
epagpm mamepujan, mpeba oa ce cmemaam 3a 31AMEH CMAHOAPO NOPAOU  OCMEO2eHemMCKUOM,
0CMeOUHOYKMUBEHUOM U OCMeoKOHOyKkmusHuom nomenyujan. Joouenuom u noocomeen ADG mooice da ce
KOPUCMU 3a 800€HA KOCKEHA Pe2eHepayuja 60 pa3iudhu 001acmu 00 MEOUYUHAMA U CHOMAMOLO2Ujamd.

Kityunu 300poBu:

aemoinoeen munepanusupar denmuncku epagpm (AM/IT), Smart Dentin Grinder (SDG), kockena pezenepayuja,
npesepeayuja Ha aneeoaapen 2pebeH, a8monocHu KOCKeHU pagdmosu
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Abstract:

A physiodispenser is a specialized dental drill that is designed to prepare the implant site in the jawbone during
the dental implant placement procedure. The use of a physiodispenser is important because it ensures that the
implant site is properly prepared and the implant is placed with precision and accuracy. It cut bone very efficiently
with controlled torch, speed and gear. There is constant saline irrigation system which washed away wash the
bone debris and blood and also act as coolant. So after surgery patient will not get pain and swelling. It has very
low noise, comfortable for patient. The physiodispenser is key technology in implant dentistry. The Physio-
Dispenser is a device enabling us to embed the implants into the bone. Its main advantage is that, compared to
standard dental sets of instruments, almost every part of the dispenser can be sterilized, which prevents spreading
of infection into the operation wound. It allows bone surgery at low speed becomes extremely safe and patients
will typically not get any swelling after surgery. It uses a combination of high-speed rotary motion and gentle
oscillation to create precise, controlled channels in the bone for the dental implant to be placed. The oscillation
feature helps to minimize damage to the surrounding bone tissue and increase the accuracy of the implant
placement.

Key words:

comfort, control, drill, implant, physiodispenser
1. Introduction

A physiodispenser is indeed a medical device used in dentistry. It is designed specifically for
drilling during dental procedures, allowing for precise and controlled movements.

A physiodispenser typically has adjustable speed settings to accommodate different drilling
needs during dental procedures. The speed can be controlled by the dentist or technician
operating the device.

Regarding the drill itself, it is usually a specially designed bur or bit that is used for drilling
into the bone during dental implant placement. These drills are typically made of high-quality
materials and come in various sizes to accommodate different implant sizes.

In this study we will show you some different types of physiodispensers and advantages and
disadvantages of using the physiodispenser, also the specifics about it.

In dental implantology, a physiodispenser is commonly used to prepare the site where the
dental implant will be placed. It allows for precise and controlled drilling into the bone,
ensuring the implant is securely and accurately positioned. The use of a physiodispenser helps
minimize trauma to the surrounding tissues and promotes faster healing.
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2. Advanteges

The surgical handpiece is like a superhero, swooping in to save the day, and its precision and
power. It allows dentist to perform implant procedures with ease and accuracy, ensuring that
those implants go in just right. One of the main benefits of surgical handpiece is versatility. It
can be used of a variety of tasks during the implant procedure, from drilling the pilot hole to
shaping the bone. It’s like have the Swiss army knife in the dentist’s hand.

Another advantage is the speed and the efficiency. It brings to the table. With the surgical
handpiece, dentists can complete the procedures in a fraction of the time compared to the
traditional manual methods.

2.1. Disadvantages

Like any superhero, the surgical handpiece has its kryptonite. One of the main concerns is the
heat generated during the drilling process. This heat has potentially damaged the surrounding
tissue if not managed properly. So dentists need to be mindful and take precautions to prevent
any unwanted heat-related complications.

Another drawback is the noise. The sound of a dental handpiece can be a bit unnerving for
some patients. It’s like a dental symphony but not everyone is a fan of that particular tune, (14)

2.2.  Types of physiodispensers

There are several types of physiodispensers used in dental implantology, each with its own
features and advantages. Here are a few examples:

1. Surgical Handpiece: This is the most common type of physiodispenser. It is a handheld
device that connects to the dental unit and is used to prepare the implant site by drilling into
the bone.

2. Piezoelectric Handpiece: This type of physiodispenser uses ultrasonic vibrations to cut
through the bone. It is particularly useful in delicate procedures where precision is crucial, as
it minimizes trauma to the surrounding tissues.

3. Electric Handpiece: These physiodispensers are powered by an electric motor, allowing for
more controlled and precise drilling. They often come with adjustable speed settings to
accommodate different surgical needs.

4. Implant Motors: Implant motors are more advanced physiodispensers that offer a range of
features. They typically provide torque control, speed adjustment, and preset drilling protocols.
Some models even have integrated cooling systems to reduce heat generation during surgery.

The main difference between these physiodispensers lies in their power source and
functionality. While all of them serve the purpose of drilling the implant site, their specific
features cater to different clinical demands and preferences.

We’ve got electric ones, the air-driven ones, and eve the ultrasonic ones. It’s like a dental tool
extravaganza. The electronic physiodispensers are the Energizer bunnies of the dental world.
The keep going and going, providing the consistent and reliable power source for those implant
procedures.no need to worry about running out of juice mid-operation. On the other hand we
have the air-driven physiodispensers. These are like the dental equivalent of a turbocharged
engine. The deliver high speed rotation, making implant procedures a breeze.

And let’s not forget the ultrasonic physiodispensers. These futuristic tools use ultrasonic
vibrations to create precise and controlled movements. It’s like they’re preforming the dental
symphony.
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Now when it come for advantages for these physiodispensers it’s all about efficiency and
accuracy. The make the implant process faster and more precise, ensuring that your pearly
whites are in good hands. With their different features, these physiodisopensers allow dentist
to customize their approach based on a patient’s needs. It’s like having a dental toolbox with
all the right tools for the job, (3)

2.3. Specifics for some physiodispensers

1.The Surgic Pro2
Wireless pedal control

Bluetooth connectivity allows you to choose the optimal position without worrying about the
length of the cable. The foot control is 400 g lighter than the previous model (including the
hangar), which makes it easier to set up. You can focus on healing.

“Coolant Flow Volume Button”, “Program Button” and “Forward / Reverse Button” can be
customized with 3 installed buttons that allow the operator to select the desired operation
mode. In the energy-efficient power supply, 3 AAA batteries are used, which last about 6
months. A signal light shows when the batteries are running low.

Connectable to the ultrasound system "VarioSurg 3"

The Surgic Pro2 can easily be connected to the NSK VariosSurg 3 ultrasound surgical system
by adding our Bluetooth connection module. Using the NSK connection stand, two units can
be safely stacked to save space.

One foot control

You can easily switch between Surgic Pro2 and VarioSurg 3 for improved flexibility and
workflow.

Compatible with iPad

Installing a dedicated app and connecting an iPad to the control unit allows detailed procedural
data to be displayed in real-time, such as rotational speed and torque range.

Process data can also be saved. Data can also be displayed and saved when connected to the
Osseo 100+. Data management on the traceability of procedural details allows tailoring of
implant treatment to individual patients.

Visibility is significantly improved by the high-resolution color LED

The use of a high-resolution color LED screen allows the blood and gums to be seen as if they
were naturally lit, providing increased visibility during treatment. The LED light source
generates a minimal amount of heat and has an excellent life expectancy.

2.Surgic pro’2

Technology and functions

* LCD touch screen

* Visibility is guaranteed by the large, high-contrast LCD screen with backlight.

* The screen can be adjusted in 10 brightness levels. Intuitive and easy-to-understand screen
icons enable smooth operation.

Simple interface and clean screen

» Touchpad sensitivity can be adjusted to reliably respond when using surgical gloves and
surgical barriers.

* Extremely narrow screen bezel makes cleaning easier.

* The new design takes into account the latest requirements for the treatment and control of
cross-infections.
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Quiet and smooth irrigation pump

The irrigation pump provides a consistent and constant flow that works quietly in the
background. Setting up the irrigation tubing is quick and easy, and the pump fits seamlessly
into the Surgic Pro2's compact and elegant design, (2)

3. Conclusion

When it comes to physiodispenser, these nifty gadgets play a crucial role in dental implant
procedures. Think of them as the superheroes of the dental world, swooping in to save the day
with the features and advantages. The use of a physiodispenser is important because it ensures
that the implant site is properly prepared and the implant is placed with precision and accuracy.
It cut bone very efficiently with controlled torch, speed and gear. There is constant saline
irrigation system which washed away wash the bone debris and blood and also act as coolant.
So after surgery patient will not get pain and swelling. It has very low noise, comfortable for
patient. The physiodispenser is key technology in implant dentistry.
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Abstract

Endosonics is used for root canal instrumentation and disinfection. An endosonics insert is designed to shaping
and allow the traditional endodontic irrigant, sodium hypochlorite, to pass through and along the endo-sonic
files. The irrigant is activated by the ultrasonic energy imparted from the energized instruments and the root canal
becomes an ultrasonic bath. The ultrasonic tip vibrates at a high frequency and produces acoustic streaming and
cavitation, which helps to dislodge and remove the organic and inorganic part of the smear layer and gram+ and
gram — bacteria from endodontic system. This review of the literature aims at presenting the biomechanical work
of endosonic in endo cavity and its clinical applications in a modern-day endodontic practice.

The following electronic databases were searched: Pubmed, Web of Sciences, Embase, Medscape, Web of Science
and Cochrane Library. This study is based on review on published articles written in English language, reporting
results related to biomechanical work of endosonics. The articles are full reading text, with no publication date
restriction. After implementation of inclusion and exclusion criteria, from the total 104 articles, 82 articles were
discarded and only 22 articles were taken for detailed analysis. A number of researchers have shown that
ultrasonically assisted irrigation improves the cleaning efficiency in root canal treatments. In the study of Joyce
et al., specially made endosonic dies and diamond instruments are energized by means of a Cavitron ultrasound
generator (above 20 kHz frequency). Piezoelectric units have some advantages compared with earlier
magnetostrictive units because they offer more cycles per second, 40 versus 24 kHz.

In summary, endosonics is a valuable tool in the field of endodontics, as it helps to improve the effectiveness of
root canal treatment while reducing the need for invasive procedures. The use of endosonics in endodontics
provides several benefits, including improved cleaning and shaping of the root canal system, reduced treatment
time and improved treatment outcomes. Additionally, endosonics is minimally invasive and can help preserve
more of the natural tooth structure, reducing the need for more extensive dental procedure. As well as explaining
the endosonics biomechanical work, the work provides a basis for the further development and optimisation of
the design of endosonic files.

Key words

endodontics, endosonics, ultrasonics
Introduction

Acoustic cavitation is a well-known phenomenon in the field of ultrasound [1]. It can increase
mixing and fluid motion in a system, form reactive intermediates which accelerate chemical
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reactions and aid in cleaning processes [2], [3]. Root canal treatment has application of
ultrasound in endodontics. Here, ultrasound is applied to a narrow file which is placed within
the root canal to improve the dissolution and removal of infected tissues and abscess from an
infected root canal [4].

Endosonics is a particularly useful in cases where traditional endodontic techniques are not
effective, such as in cases of calcified canals of root canal retreatment. It is also useful in cases
where the root canal system is complex or has many branches. Endosonics in endodontics
involves the use of ultrasonic energy to clean and shape the root canal system. After accessing
the root canal, the ultrasonic tip is inserted into the canal system. Then the ultrasonic tip is
activated. When ultrasonic nickel-titanium tip is activated, the tip vibrates at a high frequency,
producing ultrasonic energy. The energy creates acoustic streaming and cavitation within the
root canal, which helps to dislodge and remove debris and bacteria. Parallel to this function is
irrigating the root canal. During the ultrasonic procedure, an irrigating solution is used to flush
out debris and bacteria flush the root canal system. In the end, the dentist evaluate the canal,
using x-rays or other imaging techniques to entire root canal system. [5], [6]

Objective: This review of the literature aims at presenting the biomechanical work of
endosonic in endo cavity and its clinical applications in a modern-day endodontic practice.

Materials and methods: To reach the aim of this study, was conducted electronic research of
some literature bases.

Search strategy

This review of literature was performed with analyzing 104 articles. The survey was based on
electronic research of literature bases: Pubmed, Web of Sciences, Embase, Medscape, Web of
Science and Cochrane Library. The articles that were reviewed are those that report results
related to the ultrasonic shaping and irrigation of endodontic cavity and about our objective:
biomechanical work of endosonic in endo cavity and its clinical applications in a modern-day
endodontic practice.

For the search were used the following key words: ultrasonic endodontic shaping, ultrasonic
endodontic irrigation, endodontics, endosonics, ultrasonics.

Criteria of inclusion and exclusion

This study is based on implementation of inclusion and exclusion criteria. Inclusion criteria
were: published articles written in English language, articles reporting results related to use
and biomechanical work of endosonics, articles that are full reading text, with no publication
date restriction. Exclusion criteria were: duplicate articles and articles with references that are
not proven.

After implementation of inclusion and exclusion criteria, from the total 104 articles, 82 articles
were discarded and only 22 articles were taken for detailed analysis.

Results and discussion:

In the study of Joyce et al., specially made endosonic dies and diamond instruments are
energized by means of a Cavitron ultrasound generator (above 20 kHz frequency). An
endosonic insert is designed to allow the traditional endodontic irrigant, sodium hypochlorite,
to pass through and along the endo-sonic files. The irrigant is activated by the ultrasonic energy
imparted from the energized instruments and the root canal becomes an ultrasonic bath. Thus,
endosonics is a synergistic system. The ultrasonic energy makes the files vibrate and oscillate,
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facilitating the instrumentation of the root canal and, in addition, activates the irrigant for canal
disinfection.

A number of researchers have shown that ultrasonically assisted irrigation improves the
cleaning efficiency in root canal treatments [7]-[9]. Some argued that this was due to enhanced
acoustic streaming [10]-[12] while others suggested that it could be due to the physical effects
caused by cavitation [13], [14].

Table 1 Comparation of articles that have higher cleaning with different methods of
biomechanical work of the endosonics

Author Year Higher cleaning Higher cleaning Higher cleaning
efficiency with efficiency with efficiency with
endosonics acousting cavitation of

streaming of endosonics
endosonics

Lee et al. 2004 v

Van Der Sluiset 2007 v

al.

Violich et al. 2010 v

Ahmad et al. 2009 4

Walmsley etal. 1988
Lumley et al. 2008
Leaetal. v
Tiong et al. v

The oscillation profiles of endosonic files (i.e. files used during endodontic treatments that
involve ultrasonic vibrations) have been measured to investigate correlations between the
oscillation profiles and the cleaning effectiveness [15], [16]. The areas of cavitation activity
around the instruments were assessed by the detection of sonochemiluminescence (SCL).
Although it was reported that SCL tended to appear around the vibration antinodes of the
oscillating files, there was no clear relation between the vibration amplitudes and the SCL
emission [5], [6]. Furthermore, it was also reported that there was no correlation between the
lengths of the endosonic files and the oscillation profiles [17]. Endosonics is an ultrasonic
synergistic system of root canal instrumentation and disinfection. An endosonics is designed
to allow the traditional endodontic irrigant, sodium hypochlorite, to pass through and along the
endo-sonic files. The irrigant is activated by the ultrasonic energy imparted from the energized
instruments and the root canal becomes an ultrasonic bath.

The term endosonics was coined by Martin and Cunningham [18], [19] and was defined as the
ultrasonic and synergistic system of root canal instrumentation and disinfection. Ultrasound is
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sound energy with a frequency above the range of human hearing, which is 20 kHz. The range
of frequencies employed in the original ultrasonic units was between 25 and 40 kHz [20].
Subsequently the so-called low-frequency ultrasonic hand pieces operating from 1 to 8 kHz
were developed [21] - [26], which produce lower shear stresses [27], thus causing less
alteration to the tooth surface [28]. There are two basic methods of producing ultrasound [29]
—[31]. The first is magnetostriction, which converts electromagnetic energy into mechanical
energy. A stack of magnetostrictive metal strips in a handpiece is subjected to a standing and
alternating magnetic field, as a result of vibrations. The second method is based on the
piezoelectric principle, in which a crystal is used that changes dimension when an electrical
charge is applied. Deformation of this crystal is converted into mechanical oscillation without
producing heat [20]. Piezoelectric units have some advantages compared with earlier
magnetostrictive units because they offer more cycles per second, 40 versus 24 kHz. The tips
of these units work in a linear, back-and-forth motion, which is ideal for endodontics. Some
authors [27] demonstrated that the position of nodes and antinodes of an unconstrained and
unloaded endosonic file activated by a 30-kHz piezon generator was along the file length. As
a result the file vibration displacement amplitude does not increase linearly with increasing
generator power. This applies in particular finding the hidden canals or when removing posts
and separated instruments. In addition, this motion is ideal in surgical endodontics when
creating a preparation for a retrograde filling. A magnetostrictive unit, on the other hand,
creates more of a figure eight elliptical motion, which is not ideal for either surgical or
nonsurgical endodontic use. Themagnetostrictive units also have the disadvantage that the
stack generates heat, thus requiring adequate cooling [20].

Conclusions:

In summary, endosonics is a valuable tool in the field of endodontics, as it helps to improve
the effectiveness of root canal treatment while reducing the need for invasive procedures. The
use of endosonics provides several benefits, including improved cleaning and shaping of the
root canal system, reduced treatment time and improved treatment outcomes. Additionally,
endosonics is minimally invasive and can help preserve more of the natural tooth structure,
reducing the need for more extensive dental procedure. As well as explaining the endosonics
biomechanical work, the work provides a basis for the further development and optimisation
of the design of endosonic files.
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AncTpakr

3emaremo Ha omneuamox npemcmagyéa HajoumHa npoyeoypa 80 CeKOjOHesHama CMOMAMONOWKA NPAKCA.
Llenma na 3emaremo Ha MoyeH u npeyu3eH OMNeYamox e 0d ce NPUKAd*ce OUMEH3UCKU CabuneH He2amueg Koj
Jja npemcmagyea momenmannama cumyayuja o0 yCHama npasHuna. 3a uspabomka Ha adekeamuu npomemcKu
u3pabomxu HAjOUMHoO e WMo e MOICHO NOMOYHO Penpooyyuparbe Ha UHMpAaoparHama cocmojoa, u 0cobeHo
3HAUAJHO € OeKa Npu NPUCYMHA 2pewKa Modice 0a ce 000ue HeK8anumemna KOHeuHa uspabomxa.

Cospemenume oeHmanny omne4amoyny Mamepujany ce npeyusti, XuopoGuiHu u OUMEeH3UOHATHO CINAOUTHY U
Modrcam agmomamcku oa ce sameuiyeaam. Komnapamusno co pazeojom na xoneenyuonarHume omneuamoynu
Mamepujanu doara 00 nojasa Ha UHMPAOPATHU CKeHepU 3d OUSUMATHO OMNeyamyearve Hda pasiuiHume
CMpyKmypu 60 yCHama npasHura. Uumpaopannume ckeHepu ce OUSUManHy anapamu Koj 60 CmoMamonomKama
OpOUHayUUja ce KOpUCMAm 3a OUSUMATIHO 3eMArbe HA OMNeYamoyl U NPUKANXCY8Arbe HA PealHama cocmojoa oo
YCHAMA NPA3HUHA HA NAYUEHMOM U HA RA3APOM U 80 CEKOJOHeBHAMA CMOMAMOLOWKA NPAKCA ce Nojasysaam 60
ocymoecemume 200UHU HA MUHAMUOM GeK.

Mexanuzmom Ha HusHama paboma ce memenu HA eMUMUPAFEe HA CMPYKIMYPUPAHA CEEMIOCHA Mpexca Ui
Jacepcku 3pak Koj ooara 60 KOHMAKM CO NOSPUWUHAMA Koja ce cKenupd. 3a epeme HA KOHMAKMOM CO
nospwiunama spayume ce oeopmupaam u ce paraam 80 Kamepama Koja eo npaxa npuMeHuom cUeHal 60
cogpmeepom. Cogpmeepom 2u KOMOUHUpA cume NPUMEHU CAUKU 00 CHUMEHUme PA3HU aeiu, 3eMajku 2u 60
npeodsud 08uUdCerLAma Ha CKeHepom Kaxko u 000aieyeHocma Ha objekmume KOUu ce CKeHupaam, u Ha moj HayuH
ce peKOHCMpPYupa CKeHUpanuom oojexm.

Henec na nasapom nocmojam pasuu uHmpaopaiHu ckenepu 6a3upany Ha pasHu ONMUYKU KOMROHEHMU U U360pU
Ha ceemauna. Ce pasznukysaam ckeHepu 0A3Upanu HA AKMUBHO npoussedysarse Ha 6panosa Oonxcura (True
Definition Scanner, 3M), napaneana kongoxanna muxkpockonuja (3Shape) u na onmuuxa mpuaneynayuja (Sirona
CEREC Omnicam). Ilokpaj nasedenume nocmojam ckenepu Kou KOPUCHAm U 8eUmMAauKa UHMeNe2eHyUja KaKo
no ceKoe CKeHUparbe uMaam noseke UHGopMayuu u nooamoyu 0 8PCKa €O NPUPOOHUme 3aou.

Hajsnauajuume npeonocmu npu ynompebama Ha OucumaiHume omnedamoyu ce 00HeCy8aam Ha moa 0exa co
HUBHAMA NPUMEHA ce CKpamyeéa 6peMempaersemo HAd camume UHMepSeHyuu, umMa NOMAa HenpujamHocm Kaj
nayuenmume, cmanyea 300p 3a eOHOCMAHA Npoyedypd, NOCMOU MOMCHOCH 34 eleKMPOHCKU Mmpancoep Ha
camume nooamoyu u ce 00OUSA SHAUUMETHO NONPEYUIHA U NOMOYHA NPEe3eHMAYUja Ha coCmojoume 00 ycHama
NPA3HUHA HA camume NayueHmu.

KayuHnu 300poBu:

ouSUManHo omnedamyearbe, UHmpaopailiHu CKenepu, omnedamokx, omnedamoirnu Mamepujaﬂu

Bosen

JleHTamHOTO OTIevYaTyBamhe UMa TEHACHIIN]ja 1a CTaHe PYTUHCKA TOCTalKa BO CEKOjIHEBHATA
cTOMaToJIoIKa npakca. Hajuecto oTmedaryBameTo ce M3BeAyBa NMPEeKy KOHBEHIIMOHAJIHATA
MOCTaNKa Koja BKJIydyBa ymoTrpeda Ha OTIMEYATOYHM MacH M JIXKHIM 33 OTIeUaTyBambe.
I'maBHaTa 11€1 HAa OTIEYATYBAKETO € J]a C€ PETMCTPUPA OpaJIHATA CTPYKTYpa BO HEraTUB U KaKO
Ne(UHUTUBEH MPOJIYKT ce JoOMBa oTreyaTok. l3neBameTo Ha OTIEYaTOKOT CO MaTepHjalinTe
3a 100MBame Ha MOJIEIIM J1aBaaT MMO3UTHBHA PEMPOAYKIMja HAa COCTOjOaTa 0J] ycHaTa npa3HuHa
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Ha NAIMEeHTOT, a MOJEIIUTE MOOIIHA HU CITy>KaT 3a J1jarHOCTUKA, TUIAHUPALE U CIIPOBETyBabE
Ha IUiaH 3a TpeTMan,[8] ma mopagu Toa MpeHu3HOCTa M JUMEH3HOHANIHA CTAOMIIHOCT Ha
OTIIEYAaTOYHHUTE MaTepHjall C€ O] UCKITYUYUTEIIHA BYKHOCT 32 Ja c€ J0OHe MPEIH3eH U TOUYeH
Mozen 3a u3paboTka Ha caMuTe poTeTcku u3paboTku.[9] Co TpaauHOHATHUTE TOCTAIIKU Ce
OeJe’Ku JIONTOTOMIIEH KIMHUYKH YCIIeX, HO 3a0p3aHHOT pa3BoOj Ha TPOAMMEH3MOHAJIHATA
TEXHOJIOTHja MOCJIEAHUTE JECETHHA TOANHU OBO3MOXKYBaaT paboTa CO MHTPAOPATHU CKEHEPH
KOHM OBO3MOXYBaaT M3pabOTKa HAa TPOJAMMEH3UOHAJICH IUTHTAJICH MOJIEN U Ha TOj HAUWH J1a ce
HaMaJli MO)KHOCTA 3a I10jaBa Ha Iperiku.[2]

TexxHeemeTo /1a ce MOEAHOCTaBM TOCTANKaTa Kako M Ja Ce 3allTeId BPEMETO 3a
[eJIOKYITHATa TepanrcKa MOCTaIka, HO moTpedara 3a MorojieMa Nperu3HOCT Kako U IorojiemMa
NPUJjaTHOCT MPH MHTEPBEHLMHUTE HA CAMHUTE IMALMEHTH, CE€ €IHAa O]l MPEIHOCTUTE 33 KOU
JIWTHTAHATA TEXHOJIOTHja C¢ MOBEKE Haora MECTO BO CEKOjTHEBHATA KJIMHUYKA IIPaKca.

Kako mTo HannoMeHaBMe, KOHBEHIIMOHAIHOTO OTIIEYaTyBame MoApazoupa ynorpeda Ha
KOH(EKIMCKH WM WHIUBHUIYaTHU JIAKUAIM KaKO M COOABETEH OTIIEYAaTOYCH MaTepujan 3a
3eMamke Ha OTIEYaTOK, a camara IOCTalKa 3a 3eMame Ha MCTHOT C€ M3BeIyBa Taka IITO
OTIIeYaTOYHAaTa Maca co COOJIBETHA KOE3UCTEHIIM]ja Ce MOCTaByBa BO JIAXKUIIA M CO ITOMOII Ha
POTAIMOHO JABHKEHHE CE BHECYBa BO yCHATa MPa3HWHA Ha manmueHToT. OThneyaToyHara Maca 3a
BpEMe Ha BHECYBam€ BO yCTaTa € BO TE€YHA WJIM IAK CO IUIACTUYHA KOE3UCTEHIWja, a IO
CTBPAHYBAIETO HA MCTATa, C€ BAJM O/ YCTaTa Ha MAalMEHTOT, ce Je3UH(HUINpPa U ce Ipaka BO
nabopaTopHja Kajie ITO TEXHUYIAapOT I'o M3JIeBa OTIEYaTOKOT U Ce J0OMBA MOJIEII- KOU € BEepHa
perpoyKIlMja Ha OHA LITO ce Haola Bo ycHaTa mpasHuHa.[8] Ce co 1en 1a uMame KOJIKY ILITO
€ MOXHO Mojxo0ap Mojen TOTpeOHO € OTMeYaTOKOT Aa Ouae 3eMEH JocTa IMPeHu3HO.
KBanuteror Ha OTMEYaTOKOT 3aBHCH OJ CAMHTE CBOjCTBA HA OTIEYATOUYHUOT MaTepHjal,
HAYMHOT Ha PaKyBambe CO UCTHUOT, CBOjCTBATa Ha MaTePjalIUTE 3a U3JICBAHE HA MOJICITUTE, KAKO
U O] BeUITHHATa Ha caMHOT TepaneBT.[2] [Ipenn3HocTa Ha OTHEYATOKOT TOKPaj MPETXOIHO
HABEJCHOTO 3aBHCH M OJl HAYMHOT Ha Je3WH(EKIMja Ha OTNeYaTokoT,[17] HaumHOT Ha
TPAHCIIOPT JI0 M3BEIYBAmHETO HA IOCTANKaTa Ha M3JieBame,[9] ondOupameTo Ha coonBeTHATA
TeXHHKa Ha OTredaryBame,[10] kako u 07 BpeMeTo KOe € MOMHHATO OJi CTBPIHYBAHETO 10
u3JeBameTo Ha MatepujanoT.[16] Cekoj yekop o u300p Ha JTaKUIIA U OTIIEYaTOUCH MaTepHjal,
a ce JI0 3eMambe U M3JICBamkhe Ha OTIIEYATOKOT, aBaaT MOKHOCT 3a MojaBa Ha rperka.[22]

JINTUTaTHOTO OTIIEYaTyBamkEe BO JICHTATHATA METUIIMHA C€ BOBEYBa BO OCYM/ICCETUTE
TOAMHM Ha MHUHATHOT BEK, CO Pa3BOjOT Ha TEXHOJIOTHjaTa, KJIACMYHATa JBOAMMEH3MOHAIHA
JIMjarHOCTUKA U Tepalija ce 3aMeHyBa CO HalpeHa TpoauMeH3noHanHa Texuonoruja.[20] Co
HOBMTE MaTepHjad U TEXHOJIOTUH ce 1M0J00pyBa eukacHOCTa, TOUHOCTA, COAPKUHATA & CO
Toa W TpenBuaIMBOCTa Ha pesynrarute.[19] Tpu romemu yekopw BO KOHBEHIIMOHATHATA
paboTara BO CTOMATOJIOIIKUTE OPAMHAIMM ce JuruTanusupanu. IIpB uexop e coOupame Ha
MOJIATOIM OJ1 TIALIMEHTOT U BHECYBaE HAa UCTUTE BO AWTUTAJICH OOJIMK, BTOPUOT YEKOp J1aBa
MO>KHOCT 32 IJITaHHpame Ha pexaOminTanujata Ha HallMeHTOoT MPH IITO UcTaTa € HOTIOMOTHaTa
CO JIMTHTAJIHO IJIAHUpamke U cuMmysaiuja Ha ekpanot (ang. Computer Aided Design — CAD),
J07ieKa TPETUOT YEKOp OBO3MOKYBa KOPHCTEHE Ha KOMIjyTepcku n3padotku (ang. Computer
Aided Manufacturing — CAM).[20]

bnaronapejku Ha OpojHUTE NPEAHOCTH HMHTPAOPATHUTE CKEHEPU C€ KOpHCTaT BO
JIMjarHOCTHYKKA TEJIM M ToMaraar BO TUIAHHPAmkEeTO Ha TepamujaTa BO Pa3HU TPAHKH O]
JIeHTaJlHaTa MeIuIMHAa. Bo cromarosyomikaTa NpOTETHKAa Ce KOPUCTU 3a u3paboTka Ha
Ne(UHUTUBHYU PECTaBpaIlii KaKo INTO CE€ WHJICH, OHJIEH, KOPOHKA W MOCTOBH, YCIEITHO Ce
KOpDUCTaT W 3a CHUMame Ha TMOoN0ok0aTa Ha JEHTAJTHUTE HUMIUIAHTH, J0JeKa IaK BO
OPTOJIOHIIMjaTa HAjueCTOo CIYXKAT 3a IJIAHUPahe Ha Teparujarta co moMoi Ha aligner u HuBHaTa
uspaborka. [4, 11]

JleHTamHUTE CKEHEepu ce JejaT Ha WHTPAOpalHU M EeKCTpaopaiHH (JabapaTOpHCKH)
CKEHEpH.
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e UHTpaopallHUTE CKEHEpH CE€ KOPUCTAT MCKIYYUTEIIHO BO OpPJAUHAIIN]jA, 2 BO COCTAaB Ha
CAD/CAM cucremute CiyXar 3a JUPEKTHO CKEHHpAmke Ha HHTPAOPATHUTE
cTpykTypu.[5]

e J[abopaTopuCKUTE CKEHEPU CE€ KOPUCTAT BO 3a00TEXHHUKHU JIAOOPATOPUH U CO HUB CE
CKEHHMpaaT OTIEYATOLH, KOU c€ TOOMEHH CO KOHBCHIIMOHATHH METOJH 3a 3eMambe Ha
OTIICYAaTOK WJIM TaK 32 CKCHUPAhe Ha Beke JOOMCHU M3JIeaHn MoIeiu.[5]

W nokpaj Toa mMTO ce cMeTa 3a TPUBHjaJIHA M €IHOCTaBHA MPOLEAYpPa, 3€MAETO Ha

OTIIEYATOLM U M3JICBAETO HAa MOJENH, 0e3 pa3iuka Aanu € (GU3NYKA WIH BUPTYEJEH, ce
KITyYHHM YeKOPH KOM BJIMjaaT Ha 100pa IMjarHo3a, IUIAHUPAbE U CIIPOBEIYBAbE Ha TeparnujaTa,
3aToa € HEeOoIlXO/IHO J1a ce 0OOpHEe BHUMAaHUE Ha JETAMTE U TOYHUTE TEXHUKU Ha OTIIEYaTOLH 32
BEPOIOCTOjHA PEMPOIYKIIHja Ha 3a0HUTE CTPYKTYpH. [4]
Bp3 ocHoBa Ha (hakTOT Jeka TuruTanu3alija BO CTOMaToIOrjaTa € HECOMHEHA, ja IOCTaBUBME
M OCHOBHaTa IIeJ1 HAa OBa HCTPaXyBame Ja IO OINUIIeME METOAOT Ha JUTUTATHOTO
OTIIeYaTyBame, HAYMHOT HA CO3/1aBalbé Ha JUTaTaTHUTE OTIEYATOUU M IPEAHOCTUTE U
HECTOCTATOIMTE HA JIUTHUTATHUTE OTIICYATOIIH.

Marepujaa u meroa

Cé co uen 1a ce MUCIOJIHAT OCHOBHUTE II€JIM, HAIPABEHO € JIMTEpaTypHO IpebdapyBame BO
MHTEpHET-0a3uTe CO HAyYHU TPYAOBH, JOMHHAHTHO Ha PubMed, Bo mpeTxomHO ompexeneH
BPEMEHCKH TIepHOj, Koj ja omdaka mocnennara aenenuja (2013-2023), npen ce mopaau
COBpEMEHOCTa Ha Temara. Bo J1e710Bu o1 TpYJIOT ce HCKOPUCTEHH M MTOJATOLH O TPYJIOBU KOU
ce O] MOCTap JaTyM, HO HCTUTE C€ cMeTaar 3a 0a3uyHH. 3a KOMIUICTHO HCIIOJHYBamke Ha
3ajaJieHaTa 11eJ1 U3BeJIeH € Ceon(aTeH JINTepaTypeH Nperie]] 1 KOPUCTEHH Ce TIOAATOLHU KOH Ce
myOIMKyBaHW HA aHTIIMCKH ja3HK. 3a COOJIBETHO HACOUCHO MpedapyBame 0ea KOPUCTEHU caMo
COOJIBETHH KIIyYHU 300POBH.

Bea xopucrenu TpyI0BU KOM IpUIIaraaT Ha KaTeropujara: myonukysaH Tpya (Journal Article),
kmuHuko ucnutyBamwe (Clinical Trial), paHIOMu3MpaHO KOHTPOJIMPAHO HCIHMTYBAKE
(Randomized Controlled Trial), npernenuu tpymoBu (Review), koMmmapaTuBHa CTyIuja
(Comparative study).

[Ipeky ucnonHyBame Ha IENUTe Ha OBOj TPYA CakaMme Jla TH Tpe3eHUpaMe OCHOBHHTE
KapaKTEpUCTUKU Ha YMOTpeOaTa Ha AUTHTAIHUTE OTIEYaTOIH BO JIEHTAIHATa MenuIHa. Toa
ce JIOJDKM IpeJl c€ Ha (DaKToT JeKa JUTHUTANIU3alMjTa BO CTOMATOJIOTHjaTa € ¢ MOMNoIyIapHa
BO IMOCJIEIHUBE TOAMHU. [JUTUTAIHOTO OTIIEYaTyBamke KaKko IMOCTaNKa MoceyBa MHOILITBO Ha
WHIMKALMK TIOpagy INTO CMETaMe JieKa K€ CTaHe HE3aMEHJIMBa allaTKa BO CEKOjJIHeBaTa
CTOMATOJIOIIKA IpaKca.

JleHTaIHH CKeHepH- HAHUHA HA CTOMATOJIOTHjaTa

Bp3 ocHOBa Ha rOpeHaBEACHOTO MOJKE JIa CE HATIOMEHE JIKa 3eMabeTO MPEIN3eH OTIIEUYaTOK
€ e/lHa OJ1 HajBAKHUTE MPOILIEAYPH BO CTOMATOJIOIIKATa Mpakca. BakHO € Ja ce mpuKaxe
HHTPAOpaHATa COCTOj0a IITO € MOXKHO MOTPEIH3HO, OM/IejKH TPEIIKUTE MOXKE J1a T0BEIAT
710 HEKBAJIMTETEH (DMHAIICH PE3yJITaT- MPOTETCKA N3paboTKa. KOHBEHIIMOHATHHOT METOT
Ha OTIIEYATOIM CE YIITE Ce CMETa 3a 3JIaTCH CTaH/Aap/l 3a PeIUIUIHPAkhe Ha HHTPAOPATHU
CTPYKTYpPH, HO TIOpaay HErOBHTE OpOjHHM HEIOCTATOLM, C& HAMETHYBa MmoTpedara jaa ce
NpUMEHYBaaT TUrHTANHE oTiieyaronu. [3] CTeKHYBambeTo Ha TPOJMMEH3HOHATHH CITUKH Ha
OpaJIHUTE CTPYKTYpH OBO3MOKYBaaT BHPTYEJHA JUjarHOCTHKA, IIAHMPA-e Ha Teparuja
KaKko ¥ JM3ajHUpamke Ha CaMHUTE KOHCTPYKIHMH CO MOMOII Ha TJIO/ame/TedyaTehe Ha
3aBPIIHUTE KOHCTPYKIHHU.[6]

Kako mro HartoMeHaBMe, AUTHTATHAOT OTIIEYATOK CE 3eMa Ha JIBa HAYHMHA - CO HHAUPEKTCH
METO/I, CO CKeHUPambe Ha KOHBEHIIHOHAIICH OTIEYAaTOK MITH TTaK CO CKEHUPAhe Ha MOJETIOT
BO THIIC, U CO TUPEKTEH METO/I, CO MeYaTeHhe Ha ICHTOTMHTUBATHUTE TKHBA 32 J]a ce 100ue
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JIUTUTANIeH TpuauMeH3noHaeH Monen.[18] Onrtuukute oTmewaronu mgaBaaT OpojHU
MIPETHOCTH KaKO IIITO CE HAMAJICHA HEMPHjaTHOCT Kaj CAMHTE MAIlCHTH, IOSTHOCTABYBabEC
Ha KIMHMYKaTa MOpoIeaypa, HEMOCpelHa pa3MeHa Ha MOAaTonH co jabopaTopujara,
3amTesa Ha BpeMe M MOYKHOCT 3a CKJIaJMpare Ha JUTUTATHU Mojenu 0e3 moTpeda of
nuewe Ha GpusndkroT Moaenu.[12]

Co e aa ce momoOpu MPENU3HOCTa ¥ TOYHOCTA Ha OTIEYaTOKOT, 3a€/IHO O ceordarHara
JUTUTATN3a1Hja, CTOMATOJOIIKUTE CKEHEPH 3all0uHyBaaT Jja c€ pa3BUBAaaT BO CpeAMHATA
Ha OCyMJIeCeTUTe ToAMHU. HajmpBo ce KopucTene BO CTOMATOJIOIIKHTE J1ad0opaTopuu, a
JICHEeC ce IOBeKe HaoraaT MpHMEHa BO CEKOjIHEBHATa IpPaKca BO CTOMATOJIOLIKUTE
OpJIUHAIINK KaKO HHTPAOpaiHu ckeHepu.[14]

JIeHTaIHUTe CKEHepH Ce€ €lHa OJ TPHUTE TIJIABHU KOMIOHEHTH Ha KOMIIjyTEPCKH
MOTIIOMOTHATHOT ~ JTU3ajH/KOMITjYTEPCKH  MOTIIOMOTHATO  IPOHM3BOJCTBO,  OJHOCHO
CAD/CAM cucremor (anr. Computer Aided Design / Computer Aided Manufacturing).
CocTaBHUTE JEIOBH HAa OBOj CUCTEM CE:

e CkeHep — ypea Koj codrpa MmoAaTonH 3a MOBPIIMHATA [TOITOTBEHA 32 OTIEUaTyBakE
BO TPH JUMEH3HH U TY IPETBOPA BO JUTHTAIIHA GopMma.

e CodTBep - ce KOPHCTH 3a aHaIM3a Ha TOJATOIM KOM MOXAT Jia Ce CKJIaIupaaT BO
pasnuunu popmatu. Hajuecro toa e STL dpopmar (Surface Tesselation Language u
STereoLithography).

e ®dpesa — MalrHa co Koja ja JoOMBaMe ocakyBaHaTa popMa co OMOIII Ha ¢pesa u
anar 3a opyceme. [13]

PazBojor Ha CAD/CAM cucteMoT 3amovHyBa yITe BO MEASCETUTE TOJUHA Ha MUHATHOT
BEK, a IPBHOT CUCTEM KOj BJIe3€ BO CEKOjIHEBHA yroTpeda BO CTOMATOJIONIKATA MEAUIIMHA
e co3manern Bo 1987 romuna co pasBojor Ha CEREC 1 on kxommnanmjara Cupona,
Wranuja.[13] JI-p MoepMaH M HEroBHUTE KOJIETM IOTOA pa3BUBAaT CHCTEM KOHM € 3a
yrnoTtpebda Bo kaHmenapuja (eng. in-office), Takanapeden cucrem ‘“‘chairside®, xage mTo
UMaMe JMPEKTHA TEXHHUKA 3a n3paboTKa Ha MPOTe3a BO OpJIUHAIIMja M TOA BO CAMO €lHA
nmoceta.[5] Cure xommonentn Ha CAD/CAM cHCTEMOT ce CMECTEHH BO camara
Op/AMHAIMja, Taka MITO HeMa MoTpeda OJ JOMOJIHUTENHA COpadOTKa cOo 3a00TeXHHUKA
nabopatopuja.[15]

IToxpaj Texnukara “chairside®, mocrojar ymre 1se CAD/CAM Ttexnuku. Ennara o HuB e
MHTErpupaHa OpJUHAIMCKO-T1a00paToprucKka TEXHHMKa Koja Oapa JBe MOCETH, BO MpBara
roceTa ce BPIIM CKEHUpPAHkE Ha camara CUTyallija BO yCHaTa Npa3HUHA Ha MalUeHTOT,
J07IeKa BO BTOpaTa MoceTa UMaMe MpelaBamke Ha MPETXOAHO H3paboTeHaTa KOHCTPYKITH]a
BO naboparopuja co nomomr Ha CAD/CAM cucremoT. CTOMATONOrOT BO OpAMHAIIMjaTa
MOXE Ja ja TIOTHCHE TMperapanyjata co CKCHHpame WM Ja KOPHCTH €IHA Of
KOHBEHIIMOHAJHUTE MPOLEAYPHU CO KOM CE€ 3eMa OTIEeYaTOK M ce JoOMBa MOJIeN U M0Toa
HCTHOT C€ CKeHUpa BO JlabopaTopuja. TperaTa TeXHUKA € IIEHTPATU3UPAHO POU3BOJICTBO
BO IIEHTapoOT 3a IIojame. Kaj oBaa TexHHKa ,,caTEIMTCKUTE CKEHEpU ™ BO J1abopaTopujaTta
ce TOBp3aHU IMPEKy HMHTEPHET CO IEHTPUTE 3a TIJIojame. ['0TOBUTE MONATOIM 3a
00JIMKYBaHUTE KOHCTPYKIIMH O] JabopaTropujaTa ce Hclpakaar 10 TJI0JauKUOT IIeHTap, a
roToBaTa pecTaBpaiyja o] HUCTHOT C€ Bpaka BO JabopaTopujaTra Kajae IITO TEXHUYAPOT
JOTIOJTHUTEITHO ja JI000JIHMKYBa camara KoHCTpyKiuja.[13]

JleHec Ha Ta3apoT ce JOCTalHH €KCTPAOPaJHH CTOMATOJIOIIKA CKEHEPH KOW CKEHUpaaT
BeKe HCIEYaTeHM OTIEYaTOIM WU H3JI€aHd MOJENU U UHTPAOPAIHU CKEHEpU KOH T'H
CKEHHpaaT HHTPAOPATHU CTPYKTYpH.[14]

JleckTonm JWTUTATHUTE CKEHEPH OBO3MOXKYBaaT MCKIYUYUTETHO BUCOKOKBAJIMTETHA
JIMjarHOCTHKA, aHAITN3a, TUTAHUPabe B Criopen0da Ha TUTUTAITHYU oTrieyarorny u moaenu. Co
HETro yrpaByBa TEXHUYAp KOj ja TM3ajHUpPa UHATA KOHCTPYKIIMja ¥ IOTOA T'M UCTIpaka OBUE
UH(OpPMAIIMHU 10 MAIlIMHATA [ITO ja MPOU3BEIyBa caMaTa KOHCTpyKiuja.[14]
WHTpaopalHuTe CKEHEpH JIeHeC CTaHyBaaT C¢ MOIOMyJapHU. Tue ro moeaHOCTaByBaat
MPOIIECOT Ha 3€Mame Ha OTIEeYaTOK Oujejku coctojO0ara Ha MAIUEHTOT JUPEKTHO CE
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NpeHecyBa Ha EKPaHOT CO MOMOII Ha CEH30POT O] KaMepara Koja ce MOCTaByBa BO ycHATa
NpasHWHa Ha MAIMEHTOT, a CHHMEHHUTE CIIMKH ce 00paboTyBaar Bo codrep. Pesynraror
Kou ce nqobmBa co oBue ckeHepu e 3D Momen, BHpTyelHa ajJTEpHATHBA HA
TpaJUIMOHATHHOT paboTen Mozei.[12] Co oren Ha Toa ITO HE TOCTOW KOHBEHIIMOHAIICH
HAYMH HA 36Marbe HAa OTIICYATOK U M3JICBAHEC HA MOJIEI, IOMaa € U MOXHOCTA 3a MojaBa
Ha rpermika.[14]

ITonen0a Ha UTPAOPATTHUTE CKEHEPH

WHaTpaopaiHuTe CKEHEPU MOXKE Ja Ce MOIesIaT Ha HEKOJIKY HAUYMHH:

1. PaznukyBame ckeHepu KoM OapaaTr KOHIMIIMOHUpPAkE HA CKEHWpaHaTa MOBPIIMHA
CO MIPAIIOK WJIM CIIPEj, Ha MPUMEP MPAIIOK O] TATAHUYM JUOKCH]I WIH [PHO-0EI mpas, co
el Ja ce TOCTUTHE paMHOMEpHa pediekTUpayka TMOBPIIMHA 3a COOABETHO
TPOAMMEH3UOHATHO CKCHUPAWke M OHUE KaJie IITO HE € MOTPeOHO KOHIUIIMOHHPAHE,
TaKaHApEUYCHUTE CKeHepH ,,0e3 mpaB“‘(powder-free). Cucremure kom He Oapaar
KOH/IUITUOHUPAKE HA TIOBPIIMHATA CE 3HAYMTEIHO IMOMPEIM3HU, UMAjKH MPEIBUI JcKa
HAUYMHOT Ha HAHECYBalbe€  Ha TMPABOT  MOXE Ja BIHjae Ha KBAJIUTETOT Ha
oTrneyaryBameTo.[12,21]

2. Crnopen MeTonoT Ha paboTa, CKEHEPUTE MOXKAT Ja ce MOoJeNaT Ha TPU OCHOBHU
CHCTEMH — ONTHYKA TPUAHTYJIAIH]a, apajeliHa KOHPOKaTHA TEXHUKA U aKTUBHO 3EMambe
Ha MpUMepoLHr o] OpaHOBHIHU IPUMEPOLIH.

2.1  Onruuyka TpuaHTyJalyja — ONTUYKH CKEHEP KaJie H3BOPOT HA CBETIIMHA € JIACEPCKH
3pak win Oena ceeminHa.[13] ['maBaTa Ha kKamepara KCIyIITa CBETJIMHA MOJ] OJPEIICH aroJ
Ha noBprHaTta. Kora ke ro moroay npeaMeToT MITO e CHUMA, TOj ¢e pedIIeKTUpa CIope]]
TEKCTypaTa Ha MOBPIIMHATA 110/ OJPECH aroil Ha3a KOH eIMHUIATa IITo IpuMa. Tamy ce
OTKpHUBA OJ] YUI IITO € YYBCTBUTEJCH Ha CBETJIMHA M BP3 OCHOBA HA aroJioT Ha OTKJIOH
noMery eMHUTHpaHa U pedieKTUpaHa CBETIMHA, CE MPECMETyBa OOJUKOT Ha CHUMEHUOT
00jekt.[21] PacTojanuero Ha 00jeKTOT ce Mepu 0e3 IOMUpame, CO TOUHOCT OJf HEKOJIKY
MWJIAMETPHU JI0 HEKOJIKY MHUKpPOHHU. TpHaHTyIapHHTE CEH30pHU Ce KOPHUCHH KaJle IITO €
noTpeOHO Op30 coOMparme MOAATOIM, KOTa ce TJeJaaT YyBCTBUTEIHW MEKH U BIAKHH
TKHBA, ¥ TaMy KaJie [IITO KOHTAKTOT ¢ HenoxeseH .[19] (Cruka 1).
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pacTojaHHe

Cauka 1. lllemaTckyn npuka3s Ha AUTATAIA3A0MjA 10 IPHHIUII HA ONITHYKA TPHAHTyalUja
npe3emeno oz 3D scanning. Wikiwand [cited 2019]; Available from:
https://www.wikiwand.com/en/3D_scanning
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2.2  Ilapanenna koH¢poxkanHa Mukpockonuja (aur. Confocal Laser Scanner Microscopy)
— Kaj OBOj METOJ CE eMUTYBAaT MapajeiHy 3pald Ha CBETJIMHA KOM ce pedeKTupaaT of
MOBpIIMHATA HAa MPEAMETOT IITO CE CKEHUpa IO MCTaTa NaTeka Ha 3pakoT U maraaT Ha
(oTOCECH3UTUBHHUOT ceH30p. 3D cimkara ce peKOHCTpyHpa CO MOMOUI Ha KOMITjyTep, a He
npeky okynap (yieka). JloOmeHaTta ciMka MOXe Jia c€ IMOJENM Ha JIeIOBH CO BHCOKaA
pe3oaylHja cO BEpHO NpHKaXKyBame Ha juraboumHata Ha oOjektor. Ilomokbata Ha
CBETJIOCHMOT 3paKk Ha CEH30pOT JaBa WMHGOpMAIMM 3a CarutanHarta, (ppoHTanHaTa H
TpaHcBep3aiHa paMHuHA.[21] MoxHO € u mpocTopHO (uiITpHpame, Koe ce KOPHCTH 3a
OTCTpaHyBame Ha pedreKkcuu HaaBOP 0J (POKYCOT MIIM 3a OTCTPAHYBAamkE HA M03aMHATA.
(Cnuka 2).[19]

Hetextop

Munjarypen
OTBOP

Pacejyeau Ha 3pak

Jacepess spax

Jlekn Ha ofjexTHBOT

Jen oj npumepokoT

[lpunnmn Ha mapanenHa KoH(OKaIHA MEKPOCKOIIH]ja

Cauka 2. [IpyHoun Ha padoTa Ha anapaTu o JUTMTAIU3ANKMja HA IPUHLIMI HA NMapaJieiHa KOH(oKkaIHa
MMKPOCKOINHja

Ipesemeno ox Sason, Gursharan Kaur, et al. "A comparative evaluation of intraoral and extraoral digital
impressions: An in vivo study."” The Journal of the Indian Prosthodontic Society 18.2, 2018, pp. 108.

2.3  AKTHBHO 3eMame MPUMEPOIH 0]l OpaHOBUIHU MOBPIIUHU - 0apa camo eHa ONTHYKA
nateka Ha Moaysor AWS 1 efHa kamepa 3a Jia ce gooujat wHdopMaru 3a madounHara (9).
Cekoja cHUMEHA TOYKa Ha MOBPIIKHATA CEe MMPUKAXKyBa BO OJIHOC HA IBUKEHETO BO Pa3IUYHU
BpPEMHba HAa PA3JIMYHM TO3HIMM HAa CEH30pPOT KakKo MUKcel. Bp3 ocHOBa Ha MPOCTOPHOTO U
BPEMEHCKOTO TTOMECTYBAE Ha HCTUOT MHUKCEN BO PA3IMYHU BPEMUIbA, MOXKeE Jla CE TpecMeTa
TpoAMMEH3HOHaTHaTa popma Ha 00jekToT.[21] (Crmka 3).

061 KT / . Iienrap na

xamepa
e P ] xamepara

~ Touxa ua
Pornpauka 6nenpa
I ClIMKaTa

Cauka 3. [Ipunnun Ha padoTa HA UHTPAOPAJIHUTE CKeHepu Bp3 0a3a Ha Active Wavefront Sampling
Ipesemeno ox Mangano, Alessandro, et al. "Suppl-1, M8: conventional vs digital impressions: acceptability,
treatment comfort and stress among young orthodontic patients.” The open dentistry journal 12, 2018, p.118.
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3. Bo oxHOC Ha KOMIAaTHOMIHOCTA CKEHEPUTE T'M JeTUMe Ha OTBOPEH M 3aTBOPEH
cocraB. Kaj OTBOpPEHHHMOT COCTaB CKEHHpPAHHWTE IOJATOIM MOXKAT CIOOOTHO aa ce
eKCIOPTHpAaT u J1a ce 00paboTyBaar BO Mporpam 3a AU3ajHUPAkE U TNIAHUPAkhE HA IPYTH
npousBeayBaun. Jlocramnuu ce pexkauu, 3D npuHTEpHU U TH. HE3aBUCHO O] IPOU3BEAYBAYOT.
Vuusepazanauor jasuk Ha CAD/CAM cucTeMOT KOj TH TOJAPXKYyBa MOBEKETO
uHTpaopanHu ckenepu e STL dopmartor. [IpenqHocta Ha TakBHOT cUCTEM € aoOpata
MOBP3aHOCT CO CUTE MPOU3BENYBAaUYH, O] HAj€THOCTABHUTE MPOTPAMH 32 JH3ajHUPAHE J10
HAQJIPEIM3HUTE TIPOM3BEACHH EAMHUIM, HO MOTPeOHO € WCKIy4YHuTeNHa Jo0pa
KOOp/MHAIMja HAa CHUTE YEKOpH, a KOHBEp3HMjara Ha OTBOpPEHUTE (opMaTH MOXKe Ja
IpeAN3BHKaA IyOeme Ha KBAIMUTETOT Ha MoZe0T. OJ1 ipyra cTpaHa Kaj 3aTBOPEHUOT CHCTEM
CHTE KOMIIOHEHTH Ha MPOU3BEIEHHUOT JIaHell MeryceOHO ce ONTHMAIHO KOOPIUHHpAHH
Taka IITO TMOTEHIMjaTHUTE TPEIIKH JICCHO C€ EIMMHHHMpaaT 4YeKop mo d4ekop. Hekoj
3aTBOPEHH CHUCTEMM HyJaT KOMIUIETEH TUTUTAJIEH TeK Ha padoTaTa W HyJaT ONTHMAIHO
peteHue. JIMMUT 3a TAKBUOT COCTAB CE IOJaTHH TPOIIOLHU 3a OTKIydyBame.[12,19]

KOMnapaunja HA KOHBCHIIMOHAJTHA U JUT'UTAJTHA OTIICYAaTOYHA TEXHUKA

Hajuecto cnmoMmenyBaHara pa3iuka nomMery KOHBEHIIMOHAIHUTE M TUTHUTATHUTE TEXHUKU
3a OTIIEYATyBambEe € BPEMETPACHEeTO Ha camara nporeaypa. KOHBeHIMOHATHHOT METO.T Ha
OTIIeYaToOK O6apa MHOTY YeKOpH: U300p Ha COOJBETHA JaXKUIla, HAHECYBabe Ha aTXE3UBHO
CpEeACTBO, HAHECYBAKE HAa OTIIEYATOUCH MaTepHjall, BHECYBahE Ha JJAKUIIATa BO yCTaTa Ha
MAUEHTOT, CTBPIHYBakhE Ha OTIIEYaTOYHUOT MaTepujall, Ae3uH(eKInja, peruCTPUpaLE Ha
MET'YBHIIMYHUTE OJHOCH, MCIpakame Ha OTIEYaTOKOT BO JlabopaTopHja, M3JIeBamke Ha
MOJIETIOT OJf OTIEYATOKOT, UCTIpakame Ha MOJIETIOT Ha3a/l BO OpJMHAIIM]ja, CKIATUPakhe Ha
MOJIENIOT UTH. IHTpaopalHuTe CKEHEpH 3HAUYUTEIHO TO HaMaldyBaaT OpOjoT Ha MOTPEeOHH
YeKOpU U ja CcBeayBaaT MpollefypaTa Ha BHECYBame Ha MOJATOLMTE 3a MAIMEHTOT, 3a
MHOTY TI0 KPaTOK BPEMEHCKH IEPHOj, BHECYBambe HAa MHCTPYKIHMH 33 MOCTAIKUTE KOH
Tpeba J1a ce u3BenaT BO JJabopaTopujaTa Kako U OCTaHaTUTE (pa3u Ha CKEHUpame Ha JIBETE
BIJIMIIM ¥ MEI'YBHJIMYHHUTE OHOCH.

Bpemero notpeOHO 3a oTreyaTyBame CO €/1eH 0/ CTaHJapAHUTE METOIH € BO mpocek 10
MUHYTH, JI0JIeKa BpEMETPACHETO Ha MPOIIEAypaTa co TIOMOII Ha HHTPAOPATHU CKEHEPH ce
HamaiyBa Ha okosly 4 MuHyTH. [loTpeOHu ce okoy 4 MUHYTH 32 Ja ce 3eMe OTIIEYaTOK O
CTIPOTHBHATA BUJIMIIA CO TIOMOIII HA KOHBEHIIMOHATTHUOT METO/, U OKoxry 90 CeKyHIH 3a 1a
ce peructpupaar MeryBUJIMYHUTE OJHOCH. TeXHHUKaTa 3a IUTHTAJeH OTIeYaTok 0apa BO
npocek 90 cexyH/H 3a Ja ce OTIeYaTy CpOTHBHATA BUJIMIIA U caMo 15 ceKyHIu 3a Ja ce
perucTpupaar MeryBHJIMYHUTE OTHOCH.[22]

Ynorpebara Ha UHTPAOPATHH CKEHEPU OBO3MOJXKYBa MOJ00pa KOMYHHUKAIH]a CO CAMHUTE
naruenTu. [Iporerckara koHcTpykiuja u3padborena Bo CAD/CAM cucreMoT Moxe Jia ce
3aBpIIM BO €IHA TMOCETa, a JOMOJHHUTEIHO MOXKE Jla C€ HalpaBU M BUCOKO €CTETCKa
IpUBpeMeHa paboTa Koja MOJKe J1a Io OTCIMKA U3IJIEA0T Ha UIHATa KOHEYHA pecTaBpalyja
co HeroBata (popma, 60ja u ronemuHa. [IpuBpeMenunTe U3pabOTKH CiIyKaT Kako M1a0JIoH 3a
MAIMEeHTOT Jla ce HaBUKHE Ha MJHAaTa KOHCTPYKILMja M BP3 MCTaTa Jla TW U3pa3d CBOUTE
KenOu v moTeHIujasTHd poMeHu. Of Apyra cTpaHa, JOKOJIKY MAaIMeHTOT € 3aJ0BOJIEH 01
IpUBpEMEHaTa MPOTETCKAa KOHCTPYKIIMja, MOAATOLUTE 3a Kpeupame Ha Je(UHUTHBHATA
KOHCTPYKIIHja C€ CKJIaJupaarT M CIIy)KaT Kako IabjoH 3a co3maBame Ha mcrara.[12,21]
Hcto Taka, AWrdTanmM3anMjata MpeicTaByBa MOKHO CpPEICTBO 33 KOMYHHKAallWja IITO
cyrepupa MOXKHHU TE€PAINeBTCKHU OIIMH, a UCTO TaKa € MOKHO Jia ce criopenat.[7]
HenoctaTtokoT Ha MHTpaOpaTHUTE CKEHEPH CE€ jJaByBa PU NMPHKaKyBamkbe Ha MAPTUHATHUOT
pab Ha cyOrmHrHBagHUTE mpenapamnuu. [lorpebata on cyOrMHruBaiHa Mpenaparmja
0co0eHO ce OJHECYBa Ha MPEJHUTE JEJI0OBU Ha 3a0HUOT JIaK, KaJe ITO € HEOIXO/IHO Ja ce
MTOCTUTHE €CTETCKU 3a/I0BOJIMTETHA N3paboTKa. M3BOPOT Ha CBETIMHA HA MHTPAOPATHUATE
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CKEHEepH HE MOXe J1a T0 OJIBOU MEKOTO TKHBO, T1a 3aT0A HE MOYKE Ja CTUTHE HUTY JI0 CAMUOT
pab Ha camara npemnapaiija.[12]

Ce cmera nexa guruTanu3anyjara Tl HamaidyBa TPOLIOIMTE 3a IIeJlaTa IMOCTaIlKa IMpH
camara Tepanuja.Kako mperHOCTH Ha TUTHUTAIHUTE OTIEYATOIM ce BOPOjyBa peIaTHBHO
KpaTKOTO BpEeME Ha OTIEYaTyBamEeTO, YYBCTBOTO Ha NMPHUJATHOCT HA CaMHUOT MAIHEHT,
nojo0para KOMyHHKal{ja Ha CTOMaTOJIOrOT CO CaMHOT 3a0eH TeXHHYap, MOeTHOCTaBEeHA
KIMHAYKA MPOLEAYpa, MPEHOC Ha MOJATOLUTE MPEKy MHTEPHET, HaMalleHa moTpeda ox
GU3MUKO  CIKaIUpame, eIHOCTABHO IOBTOPYBame, MOJMUHUPAHHUTE JICIIOBH HE
MPETCTaByBaaT HUKAKOB MPOOJIEM IIPH camara IOCTaIKa Ha OTIEYaTyBakbETO, CHUMAE Ha
CErMEHTH O/ OJPadjeTo 3a KOe MMaMe NoTpeda Kako ¥ MPUKa3 BO CTBAPHO BpeMe, OJEKa
KaKO HEJOCTATOIM HA TUTUTAIHUTE OTIEYATOLH ce BOPOjyBaaT TPOIIOLMTE 32 HaOaBKa U
OJP)KYBamkbe€TO Ha CAaMHOT CKEHEep, TEIIKOTUH MpU OTIEYaTyBambeTO Ha abOKH
MapruHajiHH Mpenapanuy, J0IOJIHUTEIHA eyKallija 3a 3eMambe Ha oTredaTok.[12,21]

3akiay4ok

TpeHIOT BO JCHEIIHHWIATA € MOJCPHU3UPAKE HAa 3EMABETO HA OTIEYATOIMTE BO
CEKOjIHEeBHATA MTPaKca, HOTPEOHO € KOJIKY IITO € MOXHO MOBEKE J1a Ce HaMaJli BPEMETO Ha
paboTa, a ma ce 3roJieMH IpPOXYKTHBHOCTa M JIOOMBameTO Ha J00pH pe3yiTaTH.
WHTpaopanHuTe CKEHEpH ACHEC BO CEKOjIHEBHATA MTPaKca Haoraar c¢ ImorojemMa NpuMeHa
¥ 3eMaart c¢ MOroJIeM 3aMaB CO CTOMATOJIONIKATa MPOTETHKA.
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Abstract

This paper discusses SCADA systems, their planning and projecting, and their increasing implementation in
industry. SCADA are used for 24-hour supervision and management in systems and processes.

Industry requires daily supervision and management of processes, and technology advancements enable more
efficient and creative management. SCADA systems enable control and supervision of complex systems, and also
enabling employees to be more creative and productive. SCADA systems enable the management of subsystems
in different locations, enhancing overall efficiency and productivity.

Key words

SCADA systems, contoling, proceses, sensors, PLC controller
1. Introduction

In the industry, there is a daily need for supervision and management of various processes. As
technology develops, so do the possibilities for supervision and management of various
processes. Everything that used to be done manually in industry now can be done
automatically. For example, in the past, if a certain room had to have a set temperature, the
employees had to go to the thermometer itself and look at the temperature in the building. With
the development of technology, this process is not only facilitated, but it is also possible to
monitor the data from a distance, so the employee does not need to go to the room to find out
what the temperature is. This alone saves time that the employee would have spent, and the
company itself becomes more productive.

The implementation of modern technologies in the industry will not only make employees more
productive, but the same results can be achieved with a smaller number of employees. The
implementation of new technologies and the automation of processes are the future for all
companies. More and more companies have a lack of manpower, so where the process can be
automated, it will be done, and the human factor, which is less and less available, will be used
only in places where it is necessary, in places where the automated processes will be managed.

For the simplest case of process management, the process itself should be equipped with
measuring instruments that correspond to the purpose for which the management is carried out
and a certain type of control device. If a certain process meets these conditions, then it can be
controlled through a system that will meet the needs of the user. Usually, the needs of the
industry are to control different subsystems that are in different locations. To enable such
control and supervision, computer-supported systems known as SCADA (Supervisory Control
and Data Acquisition) systems are used. These systems are particularly suitable where 24-hour
supervision and control of the processes being carried out are required.
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2. SCADA systems

SCADA (Supervisory Control And Data Acquisition) is a system that is used to automate
general processes. It is used to collect data from sensors and instruments located at remote
stations and transmit and display that data at the central station for monitoring or management.

SCADA involves collecting, transferring, analyzing, and controlling information at a central
site and displaying it on operator screens or displays. Control actions are then conveyed back
to the process [1].

SCADA systems are computerized systems that are widely distributed. These systems are
primarily used for remote management and monitoring of processes or plants with central
locations. Almost any industrial automation system includes sensors for the detection of the
various "states” of the controlled manufacturing process and actuators as outputs for real-time
acting and achieving the desired behavior of the production procedure.[3] This means that the
data is collected and sent to the headquarters (dispatch center), the necessary analysis is
performed, and, if necessary, management is generated. At the end, a graphic display of the
processed data is made, and this display is displayed on an operator terminal, which, depending
on the complexity of the process, is displayed in the form of one or more monitor screens.
Figure 1 shows a simple SCADA system for drinking water distribution.
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(( )) Tank station
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Pump station 1 Pump station 2

Central monitoring
station

Fig. 1 SCADA system for drinking water distribution.
The main goals of SCADA systems are:

1. Carrying out supervision;

2. Establishing the management of the system in order to ensure the functioning of the system
as expected from it;

3. Reduction of the need for human labor by applying process automation;

4. Storage of system behavior data;

5. Provision of information about the functioning of the system;
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6. Establishing efficient functioning of the system without the need to go physically to the
place where the process takes place;

7. Provision of a management system that will enable certain activities to be carried out
remotely;

8. Provision of an alarm system that will enable the improper operation of the system to be
monitored early and saved from the central location, from where it would be possible to
stop the process, which would avoid major damages and accidents.

SCADA systems, in addition to being suitable for monitoring and managing processes that are
carried out in remote locations, also are suitable for applications in processes that are dangerous
to the lives of workers. The SCADA system does not always have to be implemented in the
monitoring of processes that take place in geographically distant locations from each other; it
can also be implemented in the monitoring of processes that are located in the same place, for
example, in a factory plant. With the help of SCADA systems, the same functions can be
realized across processes, regardless of whether they take place in the same location or are
geographically distant.

In general, SCADA systems consist of several functionally connected units. The basic elements
of SCADA systems are:

1. Measuring and regulation equipment;
2. Remote stations;
3. Communication system;
4. Supervisory -control center.
Communication system

(TR D) I ——

equipment

=%

—4 |
N
Supervisory -control o [

center Q
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Remote stations
Fig. 2 Simple example of a SCADA system
Data collection is possible with the help of remote stations that scan the input devices, that is,

the measuring equipment connected to the PLC devices. Then the central control unit scans the
PLC devices in the SCADA system itself with the help of the communication system. The
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received data is processed due to the detection of the set alarms; if inappropriate data is detected
or a value does not correspond to the set limit, an alarm is activated that is visible to the
operators themselves. Operators are notified of the alarm by graphic and sound signaling at the
operator stations themselves. Operators can react and remove the reasons for which the alarm
appears, which would prevent greater damage to the process. [2]

All processed data (process parameters, alarms, etc.) is stored in a database that is usually
located on a computer that has the role of a server; access to data from the server is done using
a specialized server.

Finally, with the help of specialized software, it is possible for the operator to give appropriate
commands (through the communication system) as a suitable action for the events in the
process, and it is possible for the software itself to generate suitable management actions. The
control actions are defined by the central computer, and usually it is data that is sent to the PLC
devices, which further perform the appropriate action.

The software used by operators and other responsible parties provides a wide range of
possibilities, which can be split into two groups: [5]

- The possibility to monitor the data - Data that can be monitored in real time include the
position of the alcove's components (busbar, line, earthing, circuit breaker), values for each
phase's current and voltage, as well as information on active power, reactive power, apparent
power, energy, power factor, frequency, relay parameters, and more.

- Ability to command (control) - Circuit breakers and protective relays are examples of
equipment that can be remotely operated. Thus, it is possible to remotely turn on and off the
circuit breakers. Operators stationed at the control center will be notified in real time the instant
a feeder ceases to function as a result of any breakdown or problem.

When the SCADA system is implemented into the technological processes, it should be
allowed for its upgrade to additional functions, either due to the development of the process
itself or due to the improvement of management. SCADA systems should be built as an open
system, and this is made possible by the fact that this system is based on information, so
upgrades in its functionalities are possible. Therefore, open systems are a method of evolution
for a control system based on nonproprietary and common software and hardware interfaces
that enables future updates to be offered from various vendors at reduced cost and incorporated
with comparatively little risk. [6]

3. Planning and designing of SCADA system

Automation is the process of replacing human decision-making and manual command-
response tasks with logical programming commands and automated machinery. [4]

The future of every company is the implementation of SCADA systems and the automation of
the processes that are carried out in the company itself. The automation itself would speed up
the action of the process itself because all the things that the employees do manually, if it is
possible to do them automatically, would save time and human resources for the execution of
the process.

A growing number of companies in our country and around the world are facing a lack of labor
force, so exactly the companies that will reduce the need for labor force will be more
competitive in the market. It would be much easier to manage the processes themselves, and
they would be executed in a shorter time interval if the human factor was reduced to a
minimum.
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Each company should first consider several factors that are key to deciding whether to
introduce a SCADA system into its operations. It is necessary to pay attention to and analyze

the following questions:

1. Can the processes that are performed in the company be automated?
2. What would be the advantage of automating the process?

3. Finding a company that will submit an offer for automation

4. Analysis of the offer in order to see the profitability of the investment.

In the following, we will use a Decision tree model, which should be used by every company

that plans to introduce a SCADA system into its operations.

A decision tree is a decision-making model that is similar to a tree, hence its name. Decision
tree models are used in the exploration of possibilities, especially in decision-making, to help

achieve a specific goal.

Yes

Implementing
SCADA is possible

Implementation of
SCADA is not possible

Conversation with the-

employees who carry
out.the process

Automation will
save resources

V\"- No

Find a company
that works with

Fig. 3 Decision tree model for implementing a SCADA system
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When designing a SCADA system, the processes that the system performs should be defined
first. After defining the processes in the system, an analysis is made as to whether they can be

171



automated. There are cases in which some of the processes can be automated and some cannot.
So an additional analysis is needed to determine whether, by automating part of the processes,
some benefit would be obtained from the implementation of a SCADA system.

If the benefits obtained are minimal or the processes in the system cannot be automated, then
the implementation of a SCADA system is not recommended.

If by automating part of the processes that are carried out in the system or by automating the
entire system, there are possible benefits, such as faster execution of processes, reduced need
for the human factor, increased reliability, and faster reaction for damage prevention, then it is
necessary to continue with additional analysis that will lead us to the decision whether to
implement a SCADA system or not.

First of all, an analysis is made of what would be gained by implementing the SCADA system:
whether the number of employees hired to perform a certain process would be reduced, whether
the duration of the process could be reduced, whether alarms could be introduced, and whether
limit values of the process parameters could be introduced in order to prevent unwanted actions
and damages that would occur if the process did not move according to the defined directions.

If we think that by implementing a SCADA system we can fulfill some of the above
advantages, then it is necessary to contact a company that deals with automating processes.

The company itself, in a conversation with the employees who have activities on a given
process, defines which part of the process could be automated and which hardware needs to be
incorporated.

The automation company submits an offer that specifies the equipment and, of course, the
investment that the company needs to make to automate the process.

With the savings that the company would have with the automation, reducing the number of
employees who perform the process and reducing other resources needed to perform the
process would cover part of the investment required for the automation of the process, so the
company should make an appropriate analysis. The analysis consists of how long the company
implementing a SCADA system would need to cover the funds invested in installing the
system. If the investment can be recovered with the savings from the introduction of automation
in 7 years or less, then this investment is worthwhile, and the company should implement a
SCADA system. If the investment made by the company cannot be returned in more than 7
years, then it is an investment that is not profitable, so the recommendation is to not invest in
the installation of a SCADA system.

4.Conclusions

Implementing a SCADA (Supervisory Control and Data Acquisition) system in an organization
or industry can bring several advantages. SCADA systems enable centralized monitoring and
control of various processes, allowing operators to streamline operations and improve
efficiency. Real-time data acquisition and analysis help identify bottlenecks, optimize
workflows, and reduce downtime, leading to increased productivity. SCADA systems provide
operators with accurate and timely data on process performance, equipment status, and
environmental conditions. This data empowers decision-makers to make informed choices,
respond quickly to issues, and implement strategies for process optimization and resource
allocation. SCADA systems allow operators to remotely monitor and control processes, even
from off-site locations. This capability enables 24/7 monitoring, reduces the need for on-site
personnel, and facilitates rapid response to emergencies or equipment failures. By optimizing
processes, reducing downtime, and enabling predictive maintenance, SCADA systems can lead
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to significant cost savings. They minimize manual intervention, prevent costly equipment
failures, optimize energy consumption, and improve resource allocation, resulting in reduced
operational expenses. Implementing a SCADA system can provide organizations with
operational advantages, increased safety, improved decision-making, and cost savings,
ultimately contributing to their overall success and competitiveness.
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AncTpakT

Hacmaenuom npoyec u HauuHom Ha u38e0ysare u 00PIHCY8aIbe HA HACMABAMA C€ HAJ8AICHU 3a NPOOYYUPAIbe
Ha 00pa306any, MALEHUPAHU U CROCOOHU eKchepmu 80 Koja u da 6uio obracm. Jlocma épeme HACMAsama o0
VHUGEP3UMemume U YYuiumama ce 008U8auLe Ha KIACU4eH HAYUH 60 NPeodeanna, ampumeamap uiu yuuiHuyd.
Hoesunu xou ce 6osedyéa co mexk ma eoounume Oea Oucumaniuzayujama, NpUMeHama HA UHMEPHemom,
Kopucmerve Ha niamgopmama e-yuerve u cauuno. Koeuo 19 nandemujama nanodicu yeiocna npomena Ha moj
KAAcu4er Ha4ul Ha cnposedysaivbe Ha Hacmasama m.e. ja O0Hece nompebama o0 606edy6arve U Cnposedysarse
na online nacmasa. L{enma na oéaa cmyouja e da ce coanedam npudobusKume u HeOOCMamoyume 00 Peaiu3parbe
online nacmasa no Mamemamuxa 60 06pazoeHUMe UHCUMYYULU.

Kiay4Hu 300poBu:

online nacmasa, oueumanuzayuja, unmeprem
Bosen

[Tog MOMMOT HACTaBEeH MPOLEC MM HACTaBa Ce MOApa3duMpa OpraHu3MpaHa, CHCTEMCKa U
ycoriaceHa JIejHOCT Ha Mpo(ecopoT U CTYACHTUTE T.e. HACTABHUKOT M YYCHHUIIUTE, TIPU KOja
ITO CTYI[eHTI/ITC/yquI/IHI/ITG AKTUBHO U CIIOpPEA OMMPEACIICH CUCTEM:

1) Ce 3100uBaar co 3Haewa, HABUKU U BEIITHHHU,

2) I'u pazBuBaar cBouTe (PU3MYKHU U ICUXUYKHA CTOCOOHOCTH;

3) W3srpagyBaat Hay4YeH MOTJIe]] KOH CBETOT,

4) Ja coBmamyBaar BemITHHATA HA YYEHETO U KYITypaTa Ha paboTara,
5) Ce ocnocoOyBaaT 3a caMm000pa3oBaHuE U MIPAKTUYHA paboTa;

6) Ce BocMTYyBaaT KaKo CECTPAHO Pa3BUEHU JTHUYHOCTH.

On Tyka corneayBajku ja BAXKHOCTA Ha HACTABHHUOT MPOIEC, MOXKEME J1a KaKeMe JIeKa HAYUHOT
Ha HErOBOTO M3BEyBam-E€ U CIIPOBEyBalkb€ MOpa J1a Oujie HajKBAIUTETeH U Hajupu(daTIuB U 3a
npodecoputre W 3a cTyldeHTUTe. JlurMTanmmzamyjara Koja TOYHA OJaMHA CeKaae Ja ce
IpUMEHyBa He Tro 3a00uMKoIM HUTy oOpa3zoBanuero. llojaBata M Op3MOT pa3Boj Ha
KOMITjyTepcKaTa TEXHHMKa OBO3MOXKM IPHMEHAa Ha KOMIIYTEpUTE M BO OOpa30BaHHETO.
[lojaBata M pa3BojoT HAa HMHTEPHETOT W HEroBara JOCTAIHOCT OBO3MOXHM IPHUMEHA Ha
WHTEPHETOT U BO HACTABHUOT MPOIIEC U TOA MHOTY OJIaMHa.

Hajronemara npoMeHa BO HaCTaBHUOT IMPOLIEC Ce CIIy4yH co rnojaBaTta Ha Kosun 19 nangemujata
Bo 2020 rogmHa cekajae HU3 cBETOT. [laHmeMujaTa HAIOXKU MPEKWH Ha KJIACHYHUOT HAYMH Ha
OJIp’KyBam-€ Ha HACTaBTa BO 0Opa30BHHUTE YCTAHOBU M MOTpeda o BoBeAyBame online HacTaBa
T.€. HaCTaBa Koja Ke ce M3BeayBa O]l JIOMa M Ke Ce CJIeIH O] JOMa CO MMPUMEHA Ha WHTEPHET,
KOMIIjyTep, nmameTeH TesnedoH, TabneT u riardopma 3a HajaBa. 3Ha4M JypHU M TOjaBaTa Ha
CBETCKaTa MaHJEMHja He MOJKEIlle Ja HarpaBu oOpa3oBHATa Haarpaada Ja 3acTaHe Mpen ce
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3apaJiy Toa IIITO HACTaBaTa ¢ BaKHA M 3HAYajHA, HO CEKAKO M OJiarojapeHue Ha pa3BUEHATa
nHpOpMATHYKa TEXHOJIOTH]a BO JCHEIIHO BpEME CEKajle BO CBETOT.

[IpemuHOT OJ1 KJIacuyHa Bo online HacTaBa 3a 0Opa3oBHATA 3a€IHUIIA BO KOja C€ M CTYICHTUTE
u nipoecopure Oelire MPOCIIeACH CO ABOYMEHE, CKENTHIIM3aM, HeBepyBambe U cl. Ho 3a kpaTko
BpEME ce MOKaxka CIIPOTHBHOTO. HacraBHUIIUTE, MPOPECOPUTE, YICHUIIUTE U CTYACHTUTE 32
KpaTKO BpEMe ce aJanTupaa Ha IPOMeHuTe, 00e30e/11ja ce MTo UM € MOTPeOHO 3a TeUeHhe Ha
HACTaBHUOT NPOIEC W HAcTaBaTa MPOJOJDKU Jia Ce OJIBMBA HEMPEKWHATO M BO BpeMe Ha
nangeMujara. Online HactaBaTa Oelie MPaBOTO pelieHrue OMICJKHU HE CMEeIle Ja ¢e JO3BOIH
MaHAeMHjaTa J1a My HAIITETH HA KBAIUTETOT HA CTYIUPAE U YUCHE Ha OHUE BO YHH paIle ce
Haora WHWHATA Ha HalllaTa 3eMja, HO U UIHUHATA Ha CBETOT. Y HUBEP3UTETHTE IIIUPYM CBETOT
Y YYWINIITATA TTOYHAA J1a KOPUCTAT Pa3InIHU IaTGOpPMH 3a TATCUYUHCKO YICHE KaKo MITO Ce
Microsoft Teams, Zoom, Google Meet, Google Classroom u apyru. llenTa Ha cexoja of THE
wiargopmu Oerne cieneme Ha HAacTaBara O]l JJOMa CO MPHMEHA Ha MHTEPHET M Pecypc 3a
WHCTaJMpamke Ha OJIHANpea oapercHarta rardgopma. M yHUBEp3UTETHTE M YYHMIIMILITATa BO
Halmara Jap)kaBa TW mpudartvja Mpeau3BUIMTE W HEMPEUEHO CIpOBEAyBaa online Hacrasa.
[loBeke ox IBe TOAMHM CE€ CIPOBEIyBallle HacraBaTa Ha Toj HaumH. CO cpeayBame Ha
cocrojbara co maHAeMHjaTa MOCTEIIEHO 0OPa30BHUTE MHCTUTYIIMH IIOBTOPHO CE OTBOPH]A.

IIperien Ha aureparypa

Maremarukara € Hacekaae OKoly Hac. be3 maremarnka He MoxeMme Ja 00jaCHUME HEKOU
CIIOKeHU (PM3NYKU U TpUpoAHU NojaBu. [loTpedara o MaTemaTndapu e ce morosiema, a 0pojot
Ha Maremaruyapu ce nomai. Kako pesynrar Ha Toa, a ¥ IOpaay APYTH MPHUYUHH JOCTA YECTO
Ce aHamM3UpaaT pe3yNTaTHTe Ha CTYAGHTHTE IO MaTeMaTW4KHTe IIpeIMEeTH Ha
YHUBEP3UTETCKO HUBO [13].

Ceenonu cMme Ha MOBEKe MCTpakyBama IOBP3aHM CO HacTaBaTa BO YCJIOBU Ha HajHOBATa
nanzaemuja co KoBua 19. AHKeTHpaHU ce CTYAEHTHUTE CO IIEJ ]a C€ BUM HUBHOTO MUCIICH-C 32
online HacraBara 3a curte npeaMeTu HO moceOHO 3a Matematuykute [8]. [ToToa, ananu3upanu
ce pe3yiTaTuTe O]l MOCTUTHYBamaTa Ha CTYAECHTUTE Ha 3aBPIIHMOT UCHHUT MO MPEeIMETOT
OmneparuBHu cuctemu Ha @akynreT 3a uHGOpMaTUKa ITpH Y HUBep3UTeT ,,[ onie Jlemues* tun
o]l pa3nuuHu yueOHu rogunu. Ennure ox cryaucka 2018/2019 kora HactaBara ce oJBUBallIe
Ha KJIaCHYeH HauyuH co (pu3nuko mpucycrBo u japyrure on 2019/2020 xora HacraBaTa ce
onsuanie online mpeky miarpopma [3]. Llenra Ha ucTpaxyBamero Ouiia 1a ce yBHIE KOj
HAuMH Ha CHpPOBEIyBalk€ Ha HAcCTaBa JONPUHECYBa 3a MOJOOPH pe3yiaTaTH Ha 3aBpIIHUOT
ucnut. llen Ha mperxogHM HCTpaxyBama OWle M MOCTUTHYBaWkaTa Ha CTYACHTUTE Ha
KOJIOKBUYMUTE (IpB M BTOp) MNpH pPa3IUYHUM HAaYMHM HAa HHUBHO cIpoBeayBame [10].
Brnujanuero Ha online HactaBara Bp3 MOCTUTHATUTE 3HACHA HA CTYJACHTHTE € UCTPAKYBAHO U
IpeKy HaOJbylyBame Ha PE3YJITATUTE HA CTYIEHTUTE Ha ITPB U BTOP KOJOKBUYM IO MPEIMETOT
Matemaruka Ha DakynaTeT 3a NPUPOAHU U TEXHUUKH HAyKH, YHHBep3uTeT ,,[oue [emyes”
HItun, Taka MmMTO CTyIEHTHTE Cielesie HacTaBa W IoJjarajie MpB KOJOKBHUYM €O (PU3HUKO
NPHUCYCTBO, @ MATEPHjAJIOT 33 BTOP KOJIOKBHYM ro ciezene online i KoJIoKBIyMOT ro mosaraie
online [9].

[Tpu opranusupameTo Ha Online HacTaBa Mo MaTeMaTHYKUTE MPEAMETH MHOTY MPOodecopH ce
TpyZea Jla KOpPUCTAaT HEKOj o0pa3oBeH cO(PTBEp BO OCHOBHOTO, CPEIHOTO U BUCOKOTO
oOpasoBanme. 3HaYEHETO Ha COPTBEPOT, BAKHOCTA OJ1 HETOBOTO KOPUCTEHE BO 0OPAa30BHUOT
MPOIIEC ¥ MPEJHOCTUTE IITO I'M HOCHU €O ce0e BO MOCTUTHYBamkATa Ha YUEHHUIIUTE U CTYICHTHTE
MoKe J1a ce Buau Bo [4], [5] u [7].

[6] [laBa omuc Ha GyHKIIMOHHPAKHETO HA 0OPA30BHUOT MPOIIEC 32 BPEMe Ha MaHJEMH]jaTa CO
KoBun 19. Axuent e craBeH Ha npumeHata Ha MI'T TeXHOIOTUHTE 32 YCIEIIHO CIPOBEAYBAHE
Ha HacTaBara. McrakHara e BaxkHocTa oj1 ipuMmenara Ha T TexHonoruu Bo 00pa3oBaHuEToO, a
CO TOA W MPEAHOCTUTE IITO THE TH HOCAT.
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Online nacraBara Oeliie MpeIU3BHUK KaKO 3a YUCHHUIIUTE U CTYICHTHTE TaKa M 32 HACTABHUIIUTE
u npodecopure. Hacrapuunure u npodecopure yuite mpen IojaBaTa Ha MaHJEMHUjaTa ce
MOJIrOTBYBaa 3a BoBeayBamwe Ha UT TexHonoruu Bo oOpa3oBHUOT mporiec. Ilenta Ha [11] e
npudakame U KOPUCTSHE Ha CUCTEMOT e-Yuerhe 0J1 HaCTaBHUOT Kanap. [1] mak memoHcTpupa
yCIIeNTHA alTiKanuja 3a e-yueme pasBueHa co Adobe Captivate, koja € MOKHa aiarka 3a
Kpeupame HHTePAKTUBHY aluIMKaIuy. ATUTMKaljaTa 3a e-ydeme ¢ 6asupana Ha SCORM u ja
oneHyBajie ydeHuure onx VII oxneneHne KakO M HUBHUTE HACTaBHULM W POAUTENM.
EBanyanujata nmokaxasna Jieka aruidkalujara 3a e-yuerme ja MOCTUTHaJIa CBOjaTa Lell U MOXKe
na Ouje OCHOBA 3a pa3BOj HA CIIMYHA alIMKalKja BO cuTe yuuiauira Bo Pemmybinka CeBepHa
Makenonuja.

ENEeKTpOHCKOTO TEeCTUpame ce CIPOBEAYBAJIO YIITE Mpe] MojaBaTa Ha IMOCIEeTHATa CBETCKA
nargemuja [2]. Online ydemeTo mpen mojaBara Ha MOCIIEAHATA MAHAEMHja HE OEIIe TOJKY
MOMYJIAaHO, HO TOA HE 3HAUM JieKa Oellle U HeTo3HaTo. YIITe Ipe/] MojaBaTa Ha MaHAeMujaTa ce
IpaBea HAIlOPH U Ce BpIliea HCTPAXKYBama Ja Ce YBHUJIE KOJIKY JaJICUNHCKOTO YICHE MOXKE J1a
Ounge epuKacHO W KOJKy OM MMalie Moj3a O] HeroBo Kopucteme. [loTBpma 3a Toa ce u
MPOICHKUTE HA TOTCHIMjAIUTE HA YYCHETO Ha JaJCYMHA IPEKy BUIACOKOH(EPEHIINU
HarpaBenu Bo [14]. Mcro Taka Bo [14], HanpaBeHa e criopen0a Ha MUCIICHETO Ha CTYICHTUTE
32 YYCHETO Ha JajieudHa MPEKY BUICOKOH(PEPEHIMH M TPAIUIMOHATHOTO YYCHE BO
oOpa3oBHaTta mHCTHTYIMja. Bo [12] aBTopuTe MMaar 3a el Aa TM CIIOpEAaT 3HAacHwara Ha
CTyIeHTUTe 1o mnpeameToT Kankynyc 2, ox 1Ba TeXHHYKH (DaKyJITETH BO JBE pPa3iIUYHU
axanemcku roauan 2014/2015 kora HacTaBara ce peaim3upaia co KjJacHiHa METoja co Tadia
u kpega u 2015/2016 rogmna kKora HacraBaTa c€ CHOpOBeIyBalla Kako KOMOWHalWja Ha
KJIAaCHYCH METOJ U KOPHCTEHh¢ Ha MaTeMaTndyku codrBepu kako MatLab u Mathematica, Bo
MEPUOJT KOTa HEMaJIO HeKaKBa MaHIeMuja.

2. IT1o e online HacTaBa?

CropoBenyBame Ha HacTaBaTa INPEeKy BeOMHAp ImiaTgopma 3a ydermhe M KOPUCTCHE Ha
JUTUTAJIHU aJIaTKHU 3a HCj3I/IHO pean3upamkbe KaKO W MHTCPHCT MpPU IOTO NPCAaBaAvYUTC U
CIIyLIATEeJIUTE HE Ce BO MCTa MPOCTOPH]ja T.€. CEKOj CH € Ha CBOja M30paHa JIOKal1ja MOXeMe
1a KaxxeMe Jieka nperactByBa online yueme wiu online nacrasa. Online nacraBara Bo menoct
MoYHa Ja ce IpuMeHyBa co mojaBara Ha Kosuj 19 BHpycoT u ce mpuMeHyBale ce J0
crabmin3aiyja Ha coctoj0aTta co UCTHOT. Peuncu mpeky HOK, 0Opa3oBHUTE yCTaHOBH Oea
3aMEHEeTH CO COPTBEPCKH alaTKW KOM Tpebdalle Ja OBO3MOXKAT peaju3alija Ha HacTaBaTa u
C(beKTI/IBHOCT BO YUYCHCTO BO BOHPCAHU YCIIOBH. OZ[ HAaCTaBHUIUTC, YUCHUIIUTE, POAUTCIINTE,
npodecopure M CTyJEHTHTE C€ OueKyBalle JecHO W Op30o Ja ce mpujarojaT Ha
HOBOHacTaHatuTe ycioBu. Ce pas3bupa, mpeau3BuimTe Oea OpOjHM U HE CE€ Bp3yBaar
eIMHCTBEHO 3a MOATOTBEHOCTA Jla c€ KOPUCTH TexHosorujara. Mimeno, ycmemara online
HacTaBa Mmoipa3oupa MoAroTOBKA, OCMHUCIYBAhE U IJIAHUPAE HA CUTE BHJIOBH HHTEPAKIIN]a
OJ1 TPaMIIMOHAIHATA YIUITHUIIA BO Online mpoctopot. IIpeTxoHo mpe/ mojaBaTa Ha BUPYCOT
HacTaBaTta Oelle JUTUTaTU3aupaHa, ce KOpUCTea KOMITjyTepH BO HACcTaBaTa, c€ KOPHCTEIe
MHTEpHET, ce Kopucreme Moodle, Ho HacTaBara ce M3BeayBalle BO 00pa30BHUTE O0jEKTH U
JMPEKTHUTE KOHTaKTH Oea npucyTHu. Online HaYMHOT Ha CHpOBEyBamke Ha HacTaBaTa HaUJIe
Ha pa3InYHU KOMEHTApHU OJ1 JIyI'€TO WHBOJBUPAHU BO HEro Ha OWJIO KOj HAYMH, HO U OJ THE
KOM JUPEKTHO WJIM UHIUPEKTHO He Oea uHBOJBUpaHU. KoMeHaTpute, pa3muciyBamara,
cCHTyalujaTa BO Koja cMe JieHec, 6ea eIHU O] IPUUMHUTE J]a T0 Kperupame 0BOj TPy BO KOj ke
JajzeMe Hallle BuayBambe 3a online nacrasara.

176



3. IlpeanocTu o cipoBeyBame Ha HacTaBara online

PaznukuTe nmoMery HactaBata BO y4HJIHHIA/TpenaBaiHa u online nacraBara mocreneHo ce
HamasyBaa. 3a 0Ba rojiemMa 3aciyra MMa TeXHOJIOIKHOT Hanpeaok, KT anatkure u CIMdHO
IPEeKy KOU € OBO3MOKeHA HHTEPAKIIMjaTa BO )KHUBO BO TMPOIIECOT Ha Online yuerbe.

MucnemaTa 3a KBUIUTETOT Ha HACTABAaHHUOT IPOLIEC BO IEPHOAOT KOTa HaCTaBaTa ce OJ[BHBAIIIe
online ce pa3nuunu. Kako u 1a €, MUCIICHETO HAa CEKOj MOEAMHEI Tpeba Jia ce MOYUTYBa U
COIVIEAIyBajKU TO OIIITOTO MHUCICHE Ja Ce MpaBaT IPOMEHH CO LeJ IOCTHTHYBAamkE Ha
KBAIUTETHO 00pa3oBaHUE AYpH M MOZOOPO O MPETXOAHOTO KJIacH4HOTO. Bo mpomomkenne
HaBeJyBaMe JIMCTa Ha HPEIHOCTH HpH H3BedyBame ONline HacraBa mo MareMaTHUKUTE
MPEAMETH:

. AKO BO KJIacHYHATa HacTaBa Tabiara ¢ pecypc KOj HACTABHUKOT TO KOPUCTH 3a JIa IO
HaIHIIE IPEIBUICHOTO 3a YaCcOT U MMOCIIe UCIIMIITYBarbe Ha Tabanara HAMIIAHOTO Tpeda 1a ce
n30puiy, Bo Online HactaBara UCTO MOXe Jla ce KoprcTu Tabsa kako Microsoft Whiteboard
TaKa IITO MPHU HCIHIITYBAakhE HA IUCTOT BO KOU pabOTHME HMaMe OIIIHja HCTHOT JIa TO 3a4yBame
U MPUKAYUME HA CTYJCHTUTE WM YYCHUIUTE HA HEKOU OJ PECYPCUTE 3a CIIOACITYBAHE
nokymentH. Tabnara e anarka IITo roMara Bo 06e36eyBambeTo HHTEPaKIKja o YICHUIIUTE U
NOTTUKHYBa HUBHO yduecTBO. Kako W Tabmara BO TpaaWIMOHATHA YYWIIHHIA, Tabnata Ha
BeOHMHAp aJTATKUTE MM CITMYHHA OCHOBHU (DYHKIIMHU — [1a ce 3a0esIeKar U UIIyCTpUpaaT OCHOBHH
HOCHTH OJ INPEIaBameTo, Ja Ce 3aluIuar KiIydHH 300poBH Mpu Hadpiame HIeH O
YUCHUIUTE/CTYICHTUTE, 32 PEIIaBabe Ha HEKOj MPOOIIeM HITH ITaK MOCTENEHO 00jacHyBamke Ha
OJZIpeJICH KOHIENT WM pellaBame Ha HEKoj mpobiem. Bo HacraBara MO MareMaTHYKHTE
IpEIMETH eICKTPOHCKATA Tablia MMaIle TOJIEMO 3HAYCHE MPEJl Ce MTOPA/IH MOTEIIKOTHUTE LITO
CTyJCHTHTC W YYCHHIIUTE TH HMaaT CO HaBeAeHHTe mpeaMerd. EiexTpoHckara Tabia
OBO3MOJXKYBa MM0JI00p0 pa3bupare Ha MaTepUjaIoT mpe]] ce MOopajH Toa HITO PEIIaBambeTo Ha
3a/IaYMTE € MPOCIECHO CO eTamHO 00jaCHYBame YEKOP IO YEKOP;

J CroznenyBameTo €KpaH € €lHa OJf HajuyecTo KOPUCTEHHTE allaTKu Ha BeOHHap
wargopmuTte. Kako mro HaroBecTyBa u caMHUOT Ha3uB, ce pabOTH 3a allaTKa IITO OBO3MOXYBa
CIOJIENTyBak€ Ha JJOKYMEHTH U aIUTHKAIIMK OJ1 KOMITjYTepOT Ha HACTaBHUKOT/IIPodecopoT co
yueHuuTe/cTyaentTure. Ha oBOj HauyMH, HACTaBHUKOT W YYCHHUIIUTE 3a€THO MOXE Ja
pasrienyBaar cliaj mpe3eHTallrja o/l IPEIaBamkEeTo, a MPE3CHTUPAAT JIETIOBH O/1 yYeOHUIUTE
BO E€JIEKTPOHCKU (opmaT, 3aeAHHYKH Ja mpedapyBaaT Ha WHTEPHET, Ja TleAaar/ciaymiaaT
ayJAMOBU3YEITHN MaTepHjaiu u ciuvHo. [IpuToa 3a pasnuka o y9niIHHIA KaJe 3a Ja MOXKaT
CTYICHTHUTE WM YYCHHUIIUTE J1a ja TiiefaT mpe3eHTalujara Tpebda ckama ornpemMa Kako Iuia3ma
TEJIEBU30PH M TOA OJf HOBUTE MOJICIIA HITH MPOEKTOPH, ipu ONnline HactaBara He € MOTpeOHA
J0JIaTHA OTIpeMa;

J 3a HaCTaBHUIUTE € OJIECHYBAbE LLITO MaTEpUjaIUTE 3a yuermhe (IPEe3eHTALIMUTE) MOXKAT
Op30 U JIeCHO Ja OUIaT aXKypUpaHH, a YUYSHUITUTE U CTYICHTUTE PEUYUCH UCTOBPEMEHO Ja TH
no0ujaT MpOMEHHTE. 3a MATEeMATHYKUTE MPEAMETH OBa € BAXHO OWJICJKU TPE3CHTAIMHTE
JIECHO MOXKaT Ja ce JIONOJHAT CO 3a/Jadyd BO 3aBUCHOCT OJf HMBOTO Ha 3HaecwHe Ha
YUCHUIIUTE/CTYICHTHTE;

. Pecypcure 3a yuewme ce diekcubminu 1 MEOTyOpojuu. Makrot mrro online HacraBaTta
Ce 0/IBMBA CO MOCPEICTBO HAa KOMITjyTep U HHTEPHET, T'M MPAaBU MHOTY IOJOCTAIHU PAa3TUYHU
6a3u Ha MHQOPMAIINH U [TOIATOIH 32 YIYEHUIIUTE/CTYIEHTUTE BO MPOIIECOT Ha yuewme. [lokpaj
MaTepHjasioT O/ BEKOH M MpeiaBamka [ITO 'O UMaat CTyIeHTUTE [0 MaTeMaTUYKUTE PEIMETH,
Kako ¥ MaTepujajoT oOJ YacOBHTE IUTO TO HMaaT Y4YEHHUIUTE, 3a COBIAJyBame Ha
MIPEIBUJIEHUTE COJPKUHU U UCKOPEHYBAKE HA MOTEHIKOTUNTE MIPH PELIABAKE 3a1a4l MHOTY
€ BYKHO J1a C€ KOPHUCTHU JIONOJTHUTENIEH MaTepHjall KOj MOKE J1a Ce Haj/ie U CUMHE OJ] UHTEPHET.
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4, Hemxocraouu ox cnnpoBeayBame Ha HacTaBara online

Jlanmu cute y4eHUI U CTYJISHTH 100UBaaT 00pa3oBaHME MITO MY JIOJIMKYBa Ha BPEMETO BO KOE
xuBeeme neHec? Jlamu online od6pa3oBaHueTo € OHa IITO HU € oTpeOHo? [Ipaiiama Kou 4ecTo
ce mocraByBaat. OAroBopHuTE HAa OBHE Mpalnama ce pazauyiu. Ho, Bo rimobana o1 cute HUB, ma
U O]l HalleTO MHCJCHke 3a Online HacTaBaTa MOXeMe Ja I'M WU3JBOMME CICIHHTE MPHYUHU
ropaju kou Ou ja m30paie KilaCHYHaTa HACTaBa BO YUMIJIHHIIA 10 MATEMATUIKUTE MPEIMETH

o Online HacraBara, KajJe BHMMAHHMETO HAa YYCHHIIUTE/CTYICHTHTE € HACOYCHO KOH
WHPOPMAIIMUTE IITO Ce JOOMBAaT OJ] KOMIjyTep, MOXKE IMOOp30 J1a TH 3aMOpH YUCHUIIUTE U
CTYJICHTHTE | J1a 'O HaMaJId HUBHOTO BHUMaHUETO U MoTuBaljara. [Ipu yueme maTemaTuka
KOHIICHTpAaIljaTa Ha YIYCHUIIUTE U CTYJCHTUTE KaKO M 3a][p)KyBa¢ HA HUBHOTO BHUMAaHHUE CE
0COOEHO BaXKHH,

o pa3IMYHK TEXHUYKH MTPOOJIEMH MOXKAT JIa TO YCIIOPAT TEKOT HA YacoT;

o Online 9acoT 3HAYUTEIHO CE PA3JIMKyBa OJ1 4YaCOT BO TPAJAULMOHAIHA YYUITHHIIA TI0 TOA
IITO HACTAaBHUKOT HEMa LIEJIOCEH YBHUJ BO BEpOAIHUTE M HEBEpOAIHUTE PEaKkIMH Ha IiesaTa
rpyma 3a BpeMe Ha 4acoT. Y CHEIIHOCTa Ha YYCHETO BO 3HAYACH JIEJ 3aBUCH OJ] MOKHOCTA 32
WHTEpAKIHja Mel'y HACTABHUKOT W YUCHHIIUTE WJIM TIPOPECOPOT U CTYACHTUTE, MOXKHOCTA 32
BKIIy4yBalk¢ Ha YYCHHKOT/CTYJCHTOT BO TNPOIECOT HAa YyuYeHhe U J00HMBame (PUIOCK O
YUEHHUIIUTE/CTYACHTUTE BO MPOILECOT Ha HacTaBaTa. Jlogeka BO TpaJAMLIMOHAIHA YYMIIHUIA
HACTaBHUKOT MOXE YCIICIITHO JIa ja CJCIU peaKirjaTa Ha YYCHUIIUTE/CTYICHTHTE U CIIOHTAHO
Jla KOMYHHUIIIpA CO HUB, OBaa TUHAMHUKA € TTIOMHAKBA BO online mpocTopoT. MHOTY MOTEIIKO €
Jla ce CIeU peakiyjaTa Ha YUCHHUIIMTE/CTYJACHTUTE JOKOJIKY ce TIoBeke ol 9 Ha eana online
cecrja, 0cOOEHO J10/IeKa HACTABHUKOT € 3a(aTeH CO CIIOACTYBAE COAPKIHHM, TPE3CHTUPAHE
U OTCTpaHyBamhe Ha TEXHHYKHU MPOOJIEMH 3a Bpeme Ha 4acoT. [Ipu yuewme maTemaTHka, ra u
JIpYyTH TPEIMETH OBa € OCOOCHO BAXKHO OWJCjKM HACTAaBHHKOT WM IMpodecopoT mao0mBa
nH(pOopMalIKja 3a 3HACHETO Ha YICHUIIUTE/CTYIEHTUTE, a TOa € 0CO0EHO BaXKHO OuejKu 10OnBa
nHpOpMaIrja co KOM YUSHHUIIH/CTYICHTH Tpeba 1a mopaboTH MoBeKe;

o HacraBuumute u npodecopure Tpeda ga HarpaBaT reHepaiHa mpoda Ha 4acoT CO CUTE
alaTK¥ IITO TJIaHWpaaT Ja M KOopucTaT (TECT HAa MHTEpPHET KOHEKIMja, TeCT Ha Kamepa,
ciymankyu 1 MukpogoH u tect Ha UK T anarku). Ha Toj HaunH ke ru nmpeBeHupaaT TEXHUIKUTE
npo0Giemu 3a Bpeme Ha yacoT. HactaBaunute u npodecopute Tpeda MpeTxoaHO J1a ro 3aKaxar
4acoT W Tpej OApXKYBame Ja MpoBepar Aanu MHpopMmanyjaTa 3a online 4acoT (JIMHKOT) €
CIOJIEJICH 10 CUTE YYEHUITN/CTYICHTH U Iajli CUTE C€ 3aMI03HACHH CO TEXHUUKHUTE NIPEyCIOBH
3a ydecTBO Ha yacoT. CeTo OBa JONOJHHUTEIHO T'O 3T0JIEMYBa BPEMETO KO€ HACTABHUKOT WIIH
npodecopoT Tpeda 1a ro MOTPOIIH MPH CIpeMake Ha HACTAaBHUOT Yac;

. [ToaroroBkara 3a online HacTaBa BooOMYaeHO Oapa MOroJieM TPyA M BpeMe OTKOJIKY
TpaJuIIMOHAIHA HAcTaBa, Ousejku Oapa NeTaaHoO TUIaHUpame Ha GOpPMHUTE HAa HMHTEPAKIH]a.
OBoj mporec MOXe Ja Tpae Off €lIHa O HEKOJKY HEJEeNH, BO 3aBHCHOCT OJf TOAa KOJKaBO
MIPETXO/IHO UCKYCTBO MMaJie HACTABHUIIUTTE/TIPOPECOPUTE BO KOPHCTEHETO aJlaTKH 3a online
HacTaBa. McTo Taka, 0BOj HAUMH Ha CIIPOBEAYBamke Ha HACTaBa 32 HACTABHUKOT/MPOGecopoT e
HOB ¥ MPETXOHO HE UCTPAKYBAH I1a CETO TOA BJIEBA CTPAB U CKEIITHUITU3AM;

o KBanureTHaTa HacTaBa € MpoCIeeHa CO U3/IBOjyBamke BpeMe 3a CaMOCTOjHa paboTa Ha
HEKOU COAPXUHH OJI CTpaHa Ha CTyJIeHTUTe U ydeHunwure. [Ipuroa, camocrojHara pabora Ha
YYEHUKOT WJIM CTYJCHTOT MOpa Jia OWJIe IO PAaKOBOTCTBO HAa HACTABHHKOT WIIA MPOECcopoT
mTo pu online HacTaBara € MHOTY OTEKHATO;

o HE CUTEC YYCHHIM WM CTYJICHTH WMaaT MpPUCTal J0 MOJEpHa TEXHOJIOTHja (HEKOH
CeMejCTBa Ce CHPOMAIITHH, & HEKOH CTYJICHTH KHBEAT BO PYPATHU CPEIAMHHM ), TOA TO OTSKHYBA
cleACHEeTo Ha online HacTaBaTa;

o JIMpEeKTHUOT KOHTAKT (04X BO OYH) 332 BpeMe Ha Yac WIIM KOHCYJITAIIUU CE€ HE3aMCHIINBH
Y TIPH KOPHUCTEHE Ha OMJIO0 KAKBU HAIPETHU TEXHOJIOTHH.
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3a peanu3aiyja Ha HacTaBaTa MHOTY € Ba)KHA TMOJrOTOBKaTa Ha HACTaBHUKOT. [loaroToBkaTa
ke Ouae moOpa, JOKOJIKY HAaCTaBHUKOT TMPETXOJHO MOTPOIIM JOCTa BpEeME Ha HEJ3HMHO
manupame. [loaroroBka noapazoupa peanu3upame Ha CUCTEM MOCTANKU U aKTUBHOCTH KOU
K€ OBO3MOXAaT Jla Ce CO3/ajaT YCJIOBH 3a KBAJIMTETCH M PAIlMOHAJIEH BOCIIMTHO-0OpPa30BEH
mporec Bo HactaBaTta. Ho, mokpaj moAroroBkaTa Ha HACTABHUKOT 3a HACTAaBaTa BaXHO € M TOa
Kako ucrara ce crpoBeaysa. [lopaau toa mro o 2020 ronuHa HacTaBara 6emre co GU3NIKO
npucyctBo, a Bo 2020 ce BoBezne online HacraBa Hekaze 10 cpeauHa Ha 2022, moTpeOHO € 1a
Ce M3BeJE 3aKJIydOK IITO MoHaramy. Hekoum TeopeTnuapu M MCTpaKyBayu ja HarjiacyBaar
criocoOHocTa Ha online 3aenHuUIKMTE 12 MONAPIKYBAaT €PEKTHBHO YUCHE, T0/IeKa MaK JPYTH IO
CBpPTyBaaT BHHMAHHUETO KOH MPOOJIEMHTE Bp3aHW 3a HEJOCTHI Ha BHHMAHHE U Y4YECTBO,
€KOHOMCKH TPEIM3BUIM U TPETXOJIEH OTIOp Mely HACTaBHUOT Kaaap M OOpa3OBHHTE
WHCTUTYIIUU KOH BUPTYEITHUTE 00pa30BHU cpearHU. Harie Mucieme e 1eka 3a MaTeMaTHIKUTE
MpeIMETH Hajao0po € HacTaBaTa Jla Ce OAPXKyBa BO 0OPa30BHUTE MHCTUTYIUHU. 3aKITYIOKOT
MpOoM3NieryBa Bp3 OCHOBAa HAa MPETXOJHO HABEACHUTE TMPEAHOCTH M HEIOCTATOIH.
HenocraTonure JOMUHUPAAT U TIOKPA] TOJIEMOTO 3HAUCHE HA MPETHOCTHUTE.

3Hauy, U OKPaj OOUANTE 32 CIIPOBENYBAbE HA yUCH-E Ha 1aJieurHa 00pa30BHUTE HHCTUTYIIMU
CeyIlITe C€ HEe3aMEHJIMBUM BO CIIPOBEIYBAalkETO Ha OOpPAa30BHHOT IPOIEC, a OCOOECHO 3a
OJIP’)KYBAaE€TO HA YAaCOBUTE IO MaTEeMaTHYKHUTE IPEIMETH, HE3aBHCHO O] pa3BOjOT Ha
TEXHHUKATa ¥ TEXHOJIOTHjaTa.

Pedepennu

[1] Delipetrev, Blagoj: “E-learning application for the primary school students”. In: ITRO
2016, 10 June 2016, Zrenjanin, Serbia, et. al. 2016.

[2] Zlatanovska, Biljana: “E - testing against classical testing in subject Mathematics”.
Yearbook of the Faculty of Computer Science, 4 (4), et.al. 2016, pp. 29-32.

[3] Karamazova Gelova, Elena / Kocaleva, Mirjana / Kertakova, Marija: “Statistical
Analysis of Student Achievement Using Different Ways of Learning”. South East
European Journal of Sustainable Development 5(1), 2021, pp. 21-27.

[4] Karamazova Gelova, Elena / Kocaleva, Mirjana: “Advantages of Using Geogebra
Software when Examining the Flow and Drawing a Graph of a Function”. Pedagogika-
Pedagogy, 95 (2), 2023, pp. 261-275.

[5] Karamazova Gelova, Elena / Kocaleva, Mirjana: “Solving tasks from the topic plane
equation using GeoGebra”. Balkan Journal of Applied Mathematics and Informatics, 5
(2), 2022, pp. 17-25.

[6] Karamazova Gelova, Elena / Kocaleva, Mirjana: “The importance of IT technologies
in education in pandemic time”. South East European Journal of Sustainable
Development, 6 (3), 2022, pp. 36-41.

[7] Karamazova Gelova, Elena / Kocaleva, Mirjana: “Analysis of student achievements in
teaching matrix using Geogebra software”. In: ITRO 2022, 25 Nov 2022, Zrenjanin,
Republic of Serbia.

[8] Karamazova Gelova, Elena / Jusufi Zenku, Teuta / Kocaleva, Mirjana: “Statistical Data
for Modern Communication in Mathematics Subjects at Faculty”. In: ITRO 2020, 30
Oct 2020, Zrenjanin, Republic of Serbia.

[9] Kocaleva, Mirjana: “Changes in the teaching and learning caused of the COVID-19
pandemic”. South East European Journal of Sustainable Development, 5 (2), et. al.
2021, pp. 67-76

[10]Kocaleva, Mirjana: “COVID-19 model of learning — advantages and disadvantages”.
In: 4th TSD Conference, 18 Dec 2020, Skopje, Macedonia, et.al. 2020.

HAD



[11]Kocaleva, Mirjana / Stojanovic, Igor / Zdravev, Zoran: “Model of e-learning acceptance
and use for teaching staff in Higher Education Institutions”. International Journal of
Modern Education and Computer Science (IJMECS), 7 (4), 2015, pp. 23-31.

[12]Kocaleva, Mirjana: “Improving on teaching curriculum of Calculus 2 at Technical
Faculties”. In: IEEE Global Engineering Education Conference (EDUCON), 25-28
Apr 2017, et. al., 2017 Athens, Greece.

[13]Loku, Lindita: “Analysis of students’ outcomes for the subject mathematics at
university level”. Balkan Journal of Applied Mathematics and Informatics, 2 (1), et. al.
2019, pp. 23-28.

[14] Stojanova, Aleksandra: “Video-conferencing distance learning”. In: 2-nd International
Scientific Conference MILCON'19, 12 Nov 2019, Skopje, Macedonia, et.al. 2019.

180



Bropa merynaponna koudepennuja ETUMA
Second International Conference ETIMA

UDC: 681.269.2.06-5]:[004.421.2:517.443
https://www.doi.org/10.46763/ETIMA2321181g

ALGORITHMIC METHOD IN DYNAMIC DOSING SYSTEMS BASED
ON WEIGHT MEASURING PRINCIPLES

Vladimir Gebov ?
1South West University in Blagoevgrad,
email: askon@swu.com

Abstract

Algorithmic method and a technical solution are suggested in order to increase performance of worm-and-wheel
dosing systems (bagging machines) operating on weight measuring principles. The results from the weight
measuring processed by using Fourier transformation and extrapolation of the weight transformation curve. The
method applied in an algorithm for controlling weight in two situation of the working cycle of the flour-bagging
machine: selective weight measurement of net and tare. The algorithm allows increasing the productivity without
changing the mechanical design of the machine. This improvement helps make the machine competitive with the
best Western packaging machine manufacturers.
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Introduction

Dosing of bulk materials for production purposes is a very common process. Most dosing
appliances and machines based on indirect methods for mass measuring by accepting specific
weight and bulk materials’ flow as measured quantities. However, these parameters influence
the weight precision rather somewhat negatively.

In order to improve enterprise’ competitiveness in a market economy the quality of products
should be constantly increasing, and by extension productivity. In accordance to 1ISO 9001 for
products’ quality certification, one of the requirements is that precision in packaging should be
constantly improved and controlled. The paper aims to improve precision in dynamic dosing of
packaged (in bags) flour as well as to increase productivity requirements.

2 ¢e

Some basic factors, which influence batching, are “deposing on walls”, “the sinusoidal features
of bulk flow during worm-and-wheel dosing”, unequal humidity and different aerated indices
of bulk materials, etc. A controlling algorithm compensates factors that alter slowly in the
course of time (humidity). Other factors lead to serious errors in weight measuring (deposits of
measured quantities), thus they have to identify and made evident by alarm indicators [1].

Decisive factors, which increase precision of dynamic measuring, are “determined deviations”,
which result from the sinusoidal law in worm-and-wheel feeding. Another is random
distribution of flour specific gravity during dosing. Both characteristics must taken into
consideration.

Typical Requirements of Bulk Material Dosing Devices

The base for a classification of different dosing and proportioning devices for bulk materials is
a prior definition of the associated requirements and the expected performance measures. For
this, it is common sense to concentrate on the following four basic characteristics:
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I. Accuracy. The accuracy of a dosing or weighing system is the degree of closeness of
measurements of a quantity (e.g. massflow) to that quantity’s true value).

I1. Stability. The stability of a bulk material dosing unit typically defined as a time interval in
which the accuracy definitions associated to the system can guaranteed without any manual
intervention.

I11. Availability. The availability of a dosing unit can defined as the typical ratio between the
times where the system is operatable and the total working time in a defined period.

IV. Productivity. Productivity depends on the proper functioning of the above process
characteristics and then on the requirements for high economic indicators of the process. Higher
productivity means less energy costs, labor costs, and higher competitiveness in a dynamically
changing market. This article proposes a general solution for increase productivity based on
controlling algorithm.

1. General Classification of Bulk-Material Dosing Devices

The base for a classification of different dosing and proportioning devices for bulk materials is
the former definition of the functional entities of those machines. For this, it is reasonable to
distinguish three main functional elements of typical dosing devices:

(). Measuring, (ii). Conveying and (iii). Controlling. The combination of either any two or all
three of these basic elements defines the specific character of the equipment, as shown in Fig.1

d .
Measuring
e.g. static scales
Indirect dosing Metering
e.g. loss-in-weight dosing e.g. belt scale
Closed-loop dosing Conveying

e.g. Belt weigh feeder €.2. SCrew conveyors

Open-loop dosing

e.g. volumetric dosing

DIMATTEDO G

Fig. 4 Classification of different dosing/metering/weighing devices based on three basic functional
elements

Here, it is possible to name six different classes of machines as a general taxonomy for the
proportioning of bulk materials. The exact definition and corresponding aspects are
summarised within Table 1.
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Table 1 Overview of different dosing/metering/weighing devices

screw speed

Class of Measuring Metering Indirect Open-loop Closed-loop
Machine dosing dosing dosing
The actual | The material The actual The actual The actual
volume V IS volume V conveying weight M
or weight m conveyed or weight m speed v is or volume V
of the with a of the controlled and
material is certain material is based on a the actual
measured conveying measured pre-defined conveying
and used to | speed v and and used to calibrated speed v
define at the define the relation in is measured to
the actual same time | actual amount | order achieve | calculate the
amount the ata a certain M actual mass
5 at .a given actual giventime | volume flow . flow or
a time massflow is and at the V or mass volume flow
S determined same time a flow M V. The actual
A based on a separate conveying
measured conveying speed
weight system is continuously
m[kg]. controlled in controlled in
M[kg/h] is order to order to
define by achieve a achieve a
v [m/s], certain desired mass
Im[kg] and | volume flow or volume
L[m] length V or flow.
of the scale. | mass flow M
Measured m [kq], v [m/s], v [m/s], m[kg] - v [m/s],
values V [m3] m[kg] m[kg], V
[[m3/h], M
[kg/h
Control - v [m/s] V [m3/h], v [m/s] v [m/s] ->
variables M M V [m3/h],
[ka/h] [ka/h] M
[kg/h]
Type of - Continuous | Discontinuous | Continuous
operation
Type of Gravimetric Gravimetric
dosing
Example Silo scale Belt scale Differential Screw Weigh Scale
dosing conveyor wit
setups (e.g. pre-defined
loss-in- calibrated
(weight relation
systems between
volume and

Source: author based on [5]
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In this article we sugest new combination of dosing sytem based on combination between
Open-loop dosing and Closed-loop dosing used in bag filling machine of the flour in mill
factory. This is the first step to increase productivity of the bag-filling machine.

2. Discontinuous batching dosing system for bulk material

The chart for batching and dosing bulk materials as shown in Fig. 1 includes a worm-and-wheel
mechanism driven by an electric motor, weigh-measuring transformer, and a regulating unit
for feeding and dosing. The regulator is a position regulator. Theoretically, it is well known
that best results for precision and quick action are achieved when a 5-sector speed diagram is
used [2]. Conducted experiments show that different parts of the speed diagram can optimized
in order to increase precision [3].

In Fig. 2, shown discontinuous batching dosing system completed with two-bag filing machine
work in DEM Kulpin — Serbia. Two control system work synchronously with one belt for filled
bags. These bag filling machine work semi-auto mode. The operator attaches an empty bag to
the machine's outlet valve screw and then everything is automatic including dumping the
finished bag onto the belt. In new systems bag filling machine assembled with bag placer and
all the process is automatically. The two bag filling machines synchronized with each other
through a connected algorithm.

The block diagram of the discontinuous batching dosing system shown in Fig3. This dosing
principle chosen because it provides maximum accuracy with high productivity. This is
necessary because of the market.

Fig. 5 Bag Filling machines in mil factory Kulpin, Serbia
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Bulk
material l

Q[t/h]

2. Inverter

Flkg]
1. Main control 7. Weigh transformer ‘L

unit D «— ﬁl—) 6

Fig. 6 Electronic system for dynamic dosing in worm-and-wheel mechanisms 1 - Main control unit; 2 -
Frequency control of the asynchrony electro motor; 3 — 3-phase electro motor; 4 - dosing worm-and-
wheel mechanism; 5 - Bag; 6 — Tens metric system; 7 - Weigh transformer;

Basic advantages of the system:

1. Main control unit is controller based on microprocessor MC9S12DG256 with 24 D,
24 DO and ADC7730 with two analog input for tense system, one analog input for measure
temperature with DS18B20 — one wire temperature sensor. The kernel of the software work
in real time and Interrupt handling done through a priority matrix. In this way measuring and
control system work properly. The author developed this controller and system software. The
controller and system software used in many applications and systems more than 15 years.

2. Inverter selected senseless technology, which achieves better speed control both at a
constant level and during braking, which, compared to ordinary inverters, is decisive for
achieving higher weigh accuracy.

3. 3-phase asynchronously electro motor selected for reliability and price

4. Dosing worm-and-wheel mechanism made with additional spreader wheel and
additional hopper for pre-volume dosing.

5. Tense system work with two cell connected to ADC7730 in continuous conversion

mode. The 16-bit analog to digital conversion work continuously with time of conversion
about 10 mSec. ADC7730 has key features Offset Drift: 5 nV/°C, Gain Drift: 2 ppm/°C, Line
Frequency Rejection>150 dB, Buffered Differential Inputs, Programmable Filter Cutoffs
Specified for Drift Over Time

3. Model of the technological cycle of the bag filling process

When dosing bulk materials the periodic constituent changes in accordance to the sinusoidal
law [1]:

m(t) = mstat (t) + rﬁdin Sin(a)t + ¢0) ’ (1)
Where
e m*(t) - the mass of the total material for a certain time interval t

e Msat(t) - defines the linear mass gradient
e Mmygin(t) - defines the periodic change of mass. This compound is a result of the spiral of

the dosing auger.
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We can determine the force exercised by the falling bulk flow onto the tens metric system:

Fo) = F(0)+ FlO)= M 0+ g, v+, +2) + 250 2 s, cos(at+,+0) 2

product _in_bag

falling_column

Where

*

e F(t) - force of the weight of the flour in the sack

o F(t) - force of the weight of the flour above the sack

The weight of the falling material is determined by

M., =M (t)+M(t)=/2gh drgt(t) + [ g, sin (et + g, )t A3)
0

Where

*

e M (t) - The mass of the flour, proportional to the h height from the bag to the dosing
auger, as well as to the auger performance dm(t)/dt

e M (t) - The mass of the flour defined from sinusoidal influence of the auger

From (2) and (3) the difference between the falling material and the dynamic constituent of the
force on the tens metric system can estimated as:

~ ~ ~ oS —CO0S
AF(§) = FO)— N (1) = g, COS(@t + gy + 7) + iy, S22TH20)= Ol

w
AF() = rﬁdin(cos,(wt o1 1) SO0 0,)—coslo, ))
(0]

(4)
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4. Technological process controlled by Algorithm

{ Begin qf the process J

Measuring the tare-weight

1. Stochaztic evalugtion of tare-weight M{F o) = I F e
2. Evalumtion of tore-dispersion Greal< Omme

g

Meagouring during the dosing process

1. Extrapolation definition of mdinu @0 of sinusoidal deviatiors by
applying Fourier analvsis.

2 Extrapolation definition of dosing gradient

3. Evalugtion of gradient = dizperzion

4. Eztimating the clozing momswt of dosing.

|

Skip Measure

Megsuring the brut

1. Seochastic svalumrion of advance ervor
2. Evaluating the dispersion qf doze measwring (real< G
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R

Fig. 3. Algorithm showing the discrimination of error in dynamic dosing by applying the extrapolation

method

|

Coleulate accumulation values

1. Caleulate productivity Flow(thi

2. Caleulation totalizator per dav, month, year: Totalizer], Totalizer?..

[ End of the procezs ]
|

187



Results

Estimating the error from the tare measurement and the error from the measurement of the
weight value - gross, allows the transition to an accelerated mode of operation. When these two
values approach the minimum allowable, it goes into turbo operation mode.

For machines that use closed bags with valve filling of the packages, the performance limited
by the speed of the valve, which is limited to 8 seconds + 2 seconds for releasing and filling
the new bag. This limits the productivity to 9.0t/h.

Compared to western companies such as PAGLIERANI and FAVEMA on a similar technique,
whose productivity is 7.5t/h, one can see the significant advantage obtained when using the
algorithm in terms of the productivity indicator. The measurements and experiments were made
on machines of the company Askon EOOD, which operate in Bulgaria, Serbia, BiH, Romania.

Table 2 Productivity of the bag-filling machine with different type cycles calculate in
case of 25kg charge.

Type of Measuring | Closing | Dosing | Closing | Measuring | Cycle | Product.
machine Tare [Sec] | low clap | Fast and high Tare [Sec] | Time [t/h]
Fine clap[Sec] [Sec]

Common 4.0 1.0 5.0 1.0 4.0 15 6.0

With 0 1.0 5.0 1.0 0 7 12.9
algorithm

Algorithm+ 0 1.0 4.0 1.0 0 6 15.0

advanced fill

Conclusions

In today's conditions of strong competition and lack of workers, the productivity of machine
equipment is of great importance. The competition in the market for technological equipment
intended for flourmills in the European market, as well as in the world, imposes high criteria
regarding the performance quality indicators of the machines and systems used in the
production of flour and milled products. The price and reliability of the equipment are not
sufficient criteria when choosing a certain type of equipment. The publication offers an
algorithmic method that allows increasing the productivity of flour packaging machines by 25-
30%. This method is applicable to all machines operating in the milling industry, regardless of
supplier. The application of the algorithmic method allows to significantly increasing the
performance without the need to change the mechanics or electronics. Only the pre-dosing
module also implies mechanical changes to the packaging machines. A specialized software
has developed which, through an online statistical analysis of the deviations of the
measurement of the weight of the dose and the tare, provides an assessment of the possibility
of applying the algorithm to a randomly selected machine.The algorithm works completely
autonomously and does not require any settings or manipulations by the operator.
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Abstract

As a result of the control era of automotive technology which began in the late 20th century, IC engines contain
a large number of sub-systems that allow for better engine performance and vehicle maneuverability, while at the
same time they satisfy increasingly strict environmental norms and standards when it comes to exhaust emissions
in what is known as an environmental-engineering compromise. However, tuning today's high-performance
engines in which the trade-offs between performance, economy and emissions take precedence is a challenge for
even the most experienced automotive engineers as it includes major implications for the environmental-
engineering compromise. The aim of this paper was to analyze these implications and determine if the changes in
power and fuel consumption question the operation needs of the vehicle and the driver’s requirements, as well as
the amount of exhaust emissions that find their way in the ambient air. The POWER/PERFORMANCE
optimization led to a 36% increase in engine power (78 to 106 kW), a 9 % decrease in fuel consumption (6.6 to
6.0 1/200 km) and consequently 30% reduction in CO, emissions (3.43 % to 2.38 % of the total volume of exhaust
gasses). The ECONOMY optimization, which was primarily aimed at a decrease in fuel consumption and a
climate-friendly improvement of the environmental map of the engine, led to a 42 % decrease in CO; emissions
(3.43 % to 1.99 % of the total volume of exhaust gasses) and a 13.5 % decrease in fuel consumption (6.6 to 5.7
1/200 km), while maintaining an increase in engine power for 23 % (78 to 96 kW). Aside from these obviously
positive implications, the results provided an insight in the negative trade-offs that these optimizations bring, such
as an increase in local pollutants, including PM and NOXx emissions.
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Abstract

In today's world, technology surrounds us, and its impact on our daily lives is undeniable. The use of advanced
gadgets and software has made our lives easier, thanks to the automation happening around us. The vacuum
cleaner has been the last to receive a significant upgrade among the many household appliances. However, the
autonomous robotic vacuum cleaner market has seen great success in recent years. This paper aims to explore
the complex algorithms powering autonomous robotic vacuum cleaners and make them more understandable. By
doing so, this technology will help us to finish our daily tasks more efficiently and with minimal involvement.

Keywords

Robotic vacuum cleaner, Arduino, Printed circuit board, Algorithm.
1. Introduction

Today, we are surrounded by advanced technology from various aspects. From cutting-edge
devices to sophisticated software, our lives are made easier thanks to the automation that
surrounds us [1]. The use of autonomous devices, such as domestic robots, allows us to perform
tasks without direct involvement or wasting time on things that can be easily and efficiently
done by robots [2]. The need for automation, especially when we are overwhelmed with tasks
and responsibilities, provides us with relief in our work and greater efficiency in accomplishing
what we want to achieve [3]. Over the past decade, robot vacuum cleaners have become
increasingly popular automated household appliances. They are designed to save time and effort
while providing a thorough cleaning of floors. The rapid evolution of these vacuum cleaners
means new features and technologies are added every year to better fulfill consumer needs [4].
The market for robotic vacuum cleaners was valued at $4 billion in 2022 and is expected to rise
even more by the end of 2023. This tremendous market growth is attributed to the development
of industrial robots, as well as the prevalence of smart homes and 10T technology [5]. The latest
robotic vacuum cleaner developed by Samsung even features artificial intelligence software,
sophisticated 3D sensors and cameras for spatial mapping [6].

We will try to develop a robotic autonomous vacuum cleaner that will help us in our everyday
lives. Based on the Arduino microcontroller and some commonly sourced electronic
components, we will design a model of a robotic vacuum cleaner. We will design an appropriate
circuit, as well as a rudimentary algorithm that will power the robot. Finally, we will test the
robot in the real world and study its behavior with obstacles. Previous work in this field will
provide us with experience in the design process [7] — [9].

2. Design of the autonomous robotic vacuum cleaner

We will begin our research with the design of the autonomous robotic vacuum cleaner. Firstly,
we will design the electronic circuit. Using the AutoCAD Eagle software and other CAD tools,
we designed a rudimentary circuit. It consists of:
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>

Microcontroller — 1 x Arduino Uno — a microcontroller board based on the

ATmega328P microprocessor chip [10]. It has 14 digital input/output pins (of which six can be
used as PWM outputs), six analog inputs, a 16 MHz ceramic resonator (CSTCE16MO0V53-R0),
a USB connection for programming and serial monitoring, a power jack, an ICSP header, and
a reset button. The board contains everything needed to support the microcontroller, and there
is an extensive library of functions and qualified support from the manufacturer, as well as the
community of users around the world.

Features of the ATMega328P Processor [11]:

>

Memory:

AVR CPU at up to 16 MHz

32KB Flash

2KB SRAM

1KB EEPROM

Security

Power On Reset (POR)

Brown Out Detection (BOD)

Peripherals

2x 8-bit Timer/Counter with a dedicated period register and compare channels;

1x 16-bit Timer/Counter with a dedicated period register, input capture, and compare
channels;

1x USART with fractional baud rate generator and start-of-frame detection;

1x controller/peripheral Serial Peripheral Interface (SPI);

1x Dual mode controller/peripheral 1°C;

1x Analog Comparator (AC) with a scalable reference input;

Watchdog Timer with separate on-chip oscillator;

Six PWM channels;

Interrupt and wake-up on pin change.

Drive train — 2 x 28BYJ-48 — unipolar stepper motor with incorporated gear reduction,

internally converted to the bipolar stepper motor schematic.
Features of the 28BY J-48 stepper motor [12]:

>

Rated voltage: 5V DC;

Number of phases: 4;

Speed reduction ratio: 1/64;

Step angle: 5.625° /64;

Frequency: 100 Hz;

DC resistance: 50 Q £+ 7 % (25 °C);

Idle in-traction frequency: 600 Hz;

Idle out-traction frequency: 1000 Hz;
In-traction torque: 34.3 mMNm(120 Hz);
Self-positioning torque: 34.3 mNm;
Friction torque: 600-1200 gf*cm;

Pull-in torque: 300 gf*cm;

Insulation resistance: > 10 MQ (500 V);
Insulation grade: A;

Rise in temperature: < 40 K (120 Hz);
Noise: < 35 dB (120 Hz, No load, 10 cm);
Motor controller — 2 x HW-134 — bipolar stepper motor controller driven with the A4988

integrated motor driver circuit, included with DIR, STEP, and ENABLE inputs.
Features of the A4988 stepper driver module [13]:

Max. operating voltage: 35 V;
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>

Min. operating voltage: 8 V;

Max. current per phase: 2 A;

Micro-step resolution: Full step, % step, ¥ step, 1/8 and 1/16 step;

Reverse voltage protection: No;

Dimensions: 15.5 x 20.5 mm (0.6” x 0.8");

Short-to-ground and shorted-load protection;

Low RDS (ON) outpults;

Thermal shutdown circuitry;

Sensors — 3 x HY-SRFO05 — Ultrasonic distance sensor, provides 2 cm to 400 cm non-

contact measurement function, with a ranging accuracy of 3 mm.
Features of the HY-SRFO05 ultrasonic sensor [14]:

>

Trigger pin format: 10 uS digital pulse;

Sound frequency: 40 kHz;

Echo pin output: 0 — Vcc;

Echo pin format: output is DIGITAL and directly proportional with range;
Measurement range: 2 cm to ~ 4.5 m;

Measurement resolution: 0.3 cm;

Measurement angle: up to 15 deg;

Measurement rate: 40 Hz;

Supply voltage: 45V t0o 5.5V,

Supply current: 10 to 40 mA,;

Connector: standard 5-pin male connector which can plug directly into breadboards;
Static current: less than 2 mA;

Detection distance: 2 cm - 450 cm;

Power supply — 1 x GOLF 10 Ah Li-lon power bank.

Features of the GOLF 10 power bank [15]:

Capacity: 10000 mANh;

Input: DC5.0V -2.0A;

Output: DC5.0V-1.0A/50V-21A;
Size: 64.5 x 14.5 x 132.5 mm;

The circuit, given in Appendix 1, consists of the Arduino UNO microcontroller, which is
supplied with 5 V DC voltage from the power bank. The motor controllers and ultrasonic
sensors are connected to the digital 10 pins of the microcontroller, as well as to the 5V DC
voltage supply from the power bank, and the stepper motors are connected to the motor
controllers.

180°

Left

90°

Front

Fig. 1 (a) Top view of the robot model, (b) Side view of the robot model.



After the design of the circuit, we will design the body of the robot. Using the SketchUp 3D
CAD software, we came up with the design of the robot (Fig. 1a and Fig. 1b) that consists of:

> Base — HDF (High-Density Fiberboard) with a diameter of 35 cm and 3 mm thickness.
Appropriate holes are incorporated for the drive and support wheels.

> Drive wheels — two rubber model wheels with 48 mm diameter, mounted directly to the
output shaft of the stepper motor. The wheels are mounted at 0° and 180° (left and right sides),
which gives the robot the ability to rotate in place.

> Support wheel — one omnidirectional wheel with a diameter of 30 mm, and a turning
diameter of 60 mm. This wheel is mounted at 90° (front side), thus giving the robot support
from tipping over.

> Stepper motors — mounted to the drive wheels and to the base with appropriate
aluminium brackets.
> Sensors — ultrasonic sensors, securely mounted above each wheel, giving the robot the

ability to see in front, to the left, and to the right.

After the process of designing the robot, we can begin the programming of the robot. The
Arduino Uno microcontroller is relatively simple to program with the help of online libraries
and resources. The programming process will begin by creating a simple algorithm that will
control the robot, which is given in Appendix 2.

The full code that controls the robot is given in Appendix 3, and snippets of the code are
explained below:

#include "BasicStepperDriver.h"
#include "SyncDriver.h"
#include "NewPing.h"

With this segment of code, the appropriate libraries for using the motor controllers and
ultrasonic sensors are included.

#define MOTOR_STEPS 4096
#define MOTOR_X_RPM 10
#define MOTOR_Y_RPM 10
#define DIR_X 8

#define STEP_X 9

#define DIR_Y 10

#define STEP_Y 11

#define MICROSTEPS 1

Here we are setting the parameters of the stepper motors. We are defining the steps per
revolution, maximum speed, as well as the pins for controlling the stepper motors.

#define TRIGGER_PIN_FRONT 3
#define ECHO_PIN_FRONT 2
#define TRIGGER_PIN_LEFT 6
#define ECHO_PIN_LEFT 7
#define TRIGGER_PIN_RIGHT 5
#define ECHO_PIN_RIGHT 4
#define MAX_DISTANCE 200

Here we are setting the parameters of the ultrasonic sensors. We are defining the trigger and
echo pins, as well as the maximum distance that can be measured by the sensors.



void setup() {
stepperX.begin(MOTOR_X_RPM, MICROSTEPS); // Left motor
stepperY.begin(MOTOR_Y_RPM, MICROSTEPS); // Right motor

ky

In the setup function, we are defining the maximum speed and micro-stepping of the motors.

void loop()

{
start:
unsigned int distance_front = sonar_front.ping_cm();
unsigned int distance_left = sonar_left.ping_cm();
unsigned int distance_right = sonar_right.ping_cm();

In the loop function, we’re defining the variables in which we are storing the distances from the
appropriate sensors. The distances are measured with the function ping. The value given by this
function is the distance to an obstacle that is in front of the sensor in cm. The following are the
commands that are used for controlling the movement of the robot:

if (distance_front >= 15)

{
controller.rotate(+118, +118);

goto start;

ks

If the measured distance forward is more than 15 centimeters, then the motor controllers are
given the command to turn 118°, which moves the robot 10 cm forwards.

else if (distance_front <=5 && distance_left >= 15 && distance_right >= 15)

{
controller.rotate(+241, -241);

goto start;

}

If the measured distance forward is less than 5 cm, and the measured distances left and right
are more than 15 centimeters, then the robot turns right 90° by default.

else if (distance_front <= 5 && distance_left <=5 && distance_right >= 15)

{
controller.rotate(+241, -241);

goto start;

¥

If the measured distances forward and left are less than 5 cm, and the measured distance to the
right is more than 15 cm, then the robot turns right 90°.

else if (distance_front <=5 && distance_left >= 15 && distance_right <= 5)

{
controller.rotate(-241, +241);

goto start;
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If the measured distances forward and right are less than 5 cm, and the measured distance to
the left is more than 15 cm, then the robot turns left 90°.

else if (distance_front <=5 && distance_left <=5 && distance_right <=5)
{

controller.rotate(+482, -482);

goto start;

ks

If the measured distances forward, right, and left are less than 5 cm, then the robot turns right
180°, i.e., the robot goes back in the direction that it came.

3. Assembly of the autonomous robotic vacuum cleaner

With a completed model and schematic for the robot, as well as the appropriate program, the
assembly of the robot can begin. The stepper motors with the drive wheels are mounted to the
base. The support wheel is mounted in the front, utilizing an appropriate bracket. For testing
purposes, special BOBs (Break Out Boards) are designed and manufactured with the purpose
of easing the design process. These special PCBs (Printed Circuit Board) allow quick and secure
changes in the wiring of the components. All the components are connected according to the
circuit diagram using appropriate wires and connectors. The power bank is mounted in the front,
and by doing so, the center of mass is moved closer to the front of the robot. After the processes
of mounting and connecting the components are finished, everything is checked to make sure
that the design requirements are met.

.
1

Fig. 2 Assembled and connected model of the autonomous robotic vacuum cleaner.
4. Results and Discussion

The robot is put into action. The power bank is connected to the microcontroller, and the
program that drives the robot is executed. Subsequently, the robot starts to move according to
the algorithm and the obstacles in the room that it is placed in. The algorithm provides the robot
with the ability to avoid basic obstacles, such as walls, large furniture, and other medium to
large sized objects. On the other hand, there are some drawbacks to this design of the robot and
its algorithm. The robot can’t go over obstacles that are more than 1 cm tall, such as carpets,
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and the existence of blind spots in the front-right and front-left area limits the robot’s ability to
detect obstacles that are less than 10 to 15 cm wide.

5. Conclusion and Future Work

For more efficient work of the robot, we need to implement some changes. Firstly, the sensors
should be positioned at better positions, therefore providing fewer blind spots. Furthermore, an
infrared or ultrasonic distance sensor should be placed in the front of the robot, oriented
downwards, thus providing the robot with the ability to detect obstacles that are taller than 1
cm and to avoid edges, such as stairs.

Moreover, the algorithm needs some changes. It should be able to avoid getting the robot stuck
in a loop. In addition, the algorithm should be optimized to provide better coverage of the room
that it operates in.

Finally, to have a completed autonomous robotic vacuum cleaner, we need the ability to collect
dust. A vacuum system should be implemented, with appropriate suction motors and dust and
particle filters, along with a dust reservoir that can be easily cleaned. Additionally, an upgrade
is necessary to the power supply as well. Instead of a 5 V power bank, a 12 V Li-lon battery
should be installed, which will enable the robot to work for a longer time and to provide power
to the vacuum system.
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Fig. 3 Electronic circuit for the autonomous robotic vacuum cleaner

e


https://shopee.com.my/Golf-Hive-10-10000-Mah-Full-Capacity-Dual-input-Dual-Output-Power-bank-i.60453637.1035440081
https://shopee.com.my/Golf-Hive-10-10000-Mah-Full-Capacity-Dual-input-Dual-Output-Power-bank-i.60453637.1035440081

Appendix 2

Robot ON

Front distance == 15cm

Move forward 10 cm ]—.

Front distance == 5cm
Left distance == 15cm
Right distance == 15cm

Rotate right 90° ]—'

Front distance == 5cm
Left distance == 5cm
Right distance == 15cm

Rotate right 90 ]—'

Front distance == 5cm
Left distance == 15cm
Right distance == 5cm

Rotate left 90° ]—'

Front distance == 5cm
Left distance == 5cm
Right distance == 5cm

Rotate right 180° ]7

Robot is stuck

Fig. 4 Algorithm for the autonomous robotic vacuum cleaner
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Appendix 3 — Full source code for the Arduino microcontroller

#include "BasicStepperDriver.h"
#include "SyncDriver.h"
#include "NewPing.h"
#define MOTOR_STEPS 4096 // (964,-964) - 180*; (241,-241) - 90*
#define MOTOR_X_RPM 10 // (+,+) - forward;  (-,-) - reverse
#define MOTOR_Y_RPM 10 // (+,-) - rotate right; (-,+) - rotate left
#define DIR_X 8 // 1B - orange; 1A - pink
#define STEP_X 9 /I 2A - yellow; 2B - blue
#define DIR_Y 10 // 1B - blue; 1A - yellow
#define STEP_Y 11  // 2A - pink; 2B - orange
#define MICROSTEPS 1  // 0.85mm/*; 1.176*/mm
#define TRIGGER_PIN_FRONT 3
#define ECHO_PIN_FRONT 2
#define TRIGGER_PIN_LEFT 6
#define ECHO_PIN_LEFT 7
#define TRIGGER_PIN_RIGHT 5
#define ECHO_PIN_RIGHT 4
#define MAX_DISTANCE 200
BasicStepperDriver stepperX(MOTOR_STEPS, DIR_X, STEP_X); // Left motor
BasicStepperDriver stepperY(MOTOR_STEPS, DIR_Y, STEP_Y); // Right motor
SyncDriver controller(stepperX, stepperY);
NewPing sonar_front(TRIGGER_PIN_FRONT, ECHO_PIN_FRONT, MAX_DISTANCE);
NewPing sonar_left(TRIGGER_PIN_LEFT, ECHO_PIN_LEFT, MAX_DISTANCE);
NewPing sonar_right(TRIGGER_PIN_RIGHT, ECHO_PIN_RIGHT, MAX_DISTANCE);
void setup() {
stepperX.begin(MOTOR_X_RPM, MICROSTEPS); // Left motor
stepperY.begin(MOTOR_Y_RPM, MICROSTEPS); // Right motor

}

void loop() {
start:
unsigned int distance_front = sonar_front.ping_cm();
unsigned int distance_left = sonar_left.ping_cm();
unsigned int distance_right = sonar_right.ping_cm();

if (distance_front >=15) { /I move forward
controller.rotate(+118, +118);
goto start;

else if (distance_front <=5 && distance_left >= 15 && distance_right >= 15) { // rotate right
by default
controller.rotate(+241, -241);
goto start;

else if (distance_front <= 15 && distance_left <= 5 && distance_right >= 15) { // rotate right
controller.rotate(+241, -241);
goto start;

else if (distance_front <= 15 && distance_left >= 15 && distance_right <= 15) { // rotate left
controller.rotate(-241, +241);
goto start;

else if (distance_front <=5 && distance_left <=5 && distance_right <=5) { // rotate right 180

controller.rotate(+482, -482);
goto start;
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