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EKOJIOTUYHO VIIPABJIEHUE HA IIPOU3BOJACTBEHUTE OTHAILYHU BOJIU B
OBIIAHA JEBHS

Ejaena BoiakoBa

ECOLOGICAL MANAGEMENT OF INDUSTRIAL WASTEWATER IN DEVNYA
MUNICIPALITY

Elena Valkova, Technical University of Varna

Pe3rome: CbBpeMEHHUTE EKOJIOTHYHH TIPOOJIEMHU HETPEKBCHATO CE€ M30CTPSIT 3a€HO C HApaCTBALINSA AHTPOIIOTCHEH
HaTuCK. ['1oGamHMTE €KOJIOTWYHU NpOoOJIEMH HM3HMCKBAT INPOMsSHA HAa MOJAENUTE Ha INPOU3BOACTBO U TOTpeOiICHHE.
HacrosmoTo m3cnensane ce ¢Gokycupa BbPXY E€KOJOTHYHOTO NPEACTABSIHE HA OCHOBHHUTE mpeanpusatus B OOmimHa
JeBusi. OcHOBHa 3ajada € IOCTUTAHETO W TOAJBPKAHETO Ha OajaHC MeXJIy eKOJOTWYHATa OTrOBOPHOCT H
MKOHOMHYECKaTa e()EeKTHBHOCT B JHEUTHOTO IIIOOAIM3UpAIo ce OOLIeCTBO. AHAIM3HPAHU Ca BHEIPEHUTE CHCTEMH 3a
yIpaBJICHUE Ha OKOJIHATA CPe/ia B IPEANPUATHATA 32 IeCeT TOJUIIEH IePUO/.

KirouoBu aymu: cucTeMa 3a yIOpaBlICHHE Ha OKOJIHATa Cpela, €KOJOTMYHO IpefcTaBsHe, PUCKOB IIOTCHIHAIL,
MPOMUIIUIEHH OTHaIbYHH BOIH

Abstract: The present time ecological problems are constantly exacerbated along with increasing anthropogenic
pressure. Global environmental problems require patterns change of production and consumption. Present research
focuses on the ecological performance of main enterprises at Devnya Municipality. A primary task is achieving and
maintaining the balance between environmental responsibility and economic efficiency in today's globalizing society.

Analysis of implemented environmental management systems at enterprises is conducted for a ten-year period.
Key words: environmental management system, environmental performance, risk potential, industrial wastewater

I. Introduction

The intensive industry development, urbanization
and increasing energy consumption combined
with  increasing  anthropogenic  pressure
exacerbate the ecological problems. Patterns of
production and consumption must be changed.
The increasing standards and requirements for
environmental protection and ensuring healthy
working conditions, also for technological
capacities renewal and improving the
performance of enterprises have a good socio-
ecological effect. According to the legal
framework, enterprises are classified as
“enterprises without risk potential”, “enterprises
with low risk potential” or “enterprises with high
risk potential”. Low or high risk potential
enterprises have the greatest environment
negative impact.

In Bulgaria, Devnya Municipality is among the
municipalities with the highest enterprises
concentration in the country. In Devnya
industrial complex there is a high concentration
of large enterprises from the sector of chemical
industry, electricity production, enterprises for
mining and processing of limestone. In a
previous study, justifiably are selected for

analysis following enterprises from Municipality:
Solvay Sodi AD, TPP Deven AD (in 2017 it
merges into Solvay Sodi AD), Devnya Cement
AD and Agropolychim AD. Those are low and
high risk potential enterprises. For a good
environmental performance of such enterprise of
great importance are implementation of
appropriate management systems and Best
Available Techniques (BAT) using.
Achievements from above mentioned are:
successful control of the composition of
emissions into the atmosphere; proper
wastewater management (especially industrial
wastewater); saving resources needed for
production; generating smaller amounts of waste;
increasing the quantities of recovered and
neutralized waste. Therefore, present study
monitors the environmental management systems
effectiveness of these companies.
II. Methodology

The study is focuses on the water resources,
although the enterprises impact affects all
components of environment. In previous
researches is analyzed Municipality' air quality
(the most affected component).
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Enterprises strive to maintain a balance between

water used amount for production needs and. A. Natural

water used amount in water circulation
production processes. This is done in order to
reduce discharge industrial wastewater in surface
water bodies, but also mostly to minimize the
water intakes compromise with pollutants.
Hydrobiological =~ monitoring monitors the
biological quality elements: macrozoobenthos,
macrophytes, phytobenthos, phytoplankton and
fish. The assessment is type-specific - classes
boundaries between the individual conditions
take into account water body type (very good,
good, moderate, bad and very bad). However,
this is not subject of the current study.

The main physico-chemical indicators that are
monitored in terms of surface water quality are
[9]: BODs, dissolved oxygen content;
ammonium, nitrate and nitrite nitrogen, total
nitrogen, total phosphorus and phosphates, pH.
To determine performance in terms of industrial
wastewater ecological management are needed
quantitative and qualitative measures (listed
indicators) examined for a long time period.

To assess the environmental management of the
discharged industrial wastewater from the listed
enterprises are analysis the following pollutants
in the water intakes: Total nitrogen, Total
phosphorus, Total organic carbon (TOC) (major
water pollutants). The study object is the
ecological management, which is applied in the
selected enterprises. An analytical review of the
existing condition of Municipality water bodies,
which receive wastewater, as well as of the
ecological management, which is applied in the
enterprises, is performed.

For the purposes of the study are examined low
and high risk potential enterprises from Devnya
Industrial Complex. For their ecological
performance is used data for a ten-year period
(2011 — 2020 year) from the enterprises own
environmental monitoring and from the Annual
Environmental Reports. The water quality is
most affected by the manufacturing activity of
the above listed enterprises. Thus, wastewater
pollutants: Total nitrogen, Total phosphorus,
Total organic carbon (TOC) are observed by
discharging enterprises. The effectiveness of
ecological management of industrial wastewater
is assessed and accordingly is determined the
trend of each pollutant.

III. RESULTS AND DISCUSSIONS
water condition in Devnya
Municipality

Devnya Municipality, the Northeastern planning
region of Bulgaria, has a great water wealth, in
addition to being located near the Black Sea. The
most significant natural reservoirs are part of
Beloslav lake, Devnenska river and Provadiyska
river. The Devnenska River flows into the
Provadiyska River, which discharges into the
lake. [4, 9, 12, 13]

Main part of Devnya River outflow is formed by
the Devnya springs, which are the largest karst
springs in Bulgaria and give rise to Devnya
River. [9] The springs have been supplying
Devnya industrial enterprises since 1954, but the

enterprises themselves have been polluting
Municipality surface water bodies.
The Provadiyska river flows through a

precipitator into the Beloslav lake, and in the
vicinity of it, as tributaries, it receives: a canal of
the Padina Settling Basin and the Devnenska
river. Provadiyska river bottom and its riversides
are covered with a rare white carbonate sediment.
Over Beloslav lake is exerted the strongest
influence by the industrial runoff, which pollutes
with compounds of inorganic origin (phosphates,
nitrates, sulfates, calcium and magnesium
compounds). Lake water area is eutrophicated.
Water quality is strongly influenced by water
transport, mainly needed by the industrial
complex. Solvay Sodi (including TPP Deven
from 2017) discharges industrial wastewater into
the settling basin “Padina”, and it flows into
Provadiyska river. Agropolychim discharges
industrial wastewater into a corrected gorge
“Byal canal” (White Canal), which flows into
Beloslav lake. Other wastewater sources on
Municipality territory are the municipal
wastewater treatment plants (WWTP) - for
domestic and fecal waters: WWTP-Devnya,
WWTP-Beloslav and WWTP-Provadia. WWTP-
Devnya wastewater discharges into Devnenska
river. [9, 12, 13]

The area lithological construction creates
conditions for presence of groundwater.
Landshaft natural forms combined with the

results of the construction contribute to the
intensive infiltration of the surface polluted
waters. It is possible Devnya springs to be
polluted, which are also used for drinking water

4
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supply. [4, 12, 13] The condition of Municipality
waters is classified as: “very good”, “good”
and/or “moderate”.

B.Main feature of enterprises
Industrial Complex

1) Devnya cement AD - Devnya cement AD is
the largest cement producer in Bulgaria, up to the
present time, since 1998. According to the
Program for planned inspections for prevention
of industrial pollution and the Program for
planned inspections under the terms of the
Complex Permits of the Regional Inspectorate of
the Environment and Waters (RIEW) - Varna for
2020, Devnya cement AD is classified as high
risk site. Devnya cement AD has installations for
production of cement clinker and cement. Dry
and wet clinker produce method is in use.[1, 2, 7]
The water at Devnya Cement AD for production
needs is included in water cycle and industrial
wastewater is not discharged.

2)Solvay sodi AD - Solvay Sodi AD is the largest
soda plant in Bulgaria and Europe for synthetic
production of soda ash (light and heavy) and
sodium bicarbonate (for food and technical
purposes) as an accompanying product. [6] The
method of Ernest Solvey (1861) is in use.

3)TPP Deven AD - The Thermal Power Plant
Deven AD has been established in 1965 and
since 2000 has been part of Solvay Bulgaria
EAD. Currently TPP Deven AD merged with
Solvay Sodi AD in June 2017. The main products
are electric energy and thermal energy. The
combustion plant is cogeneration. [5, 6] The
electric and thermal energy produced by TPP
Deven is consumed by Devnya industrial
complex.

4)Agropolychim  AD - Agropolychim AD
(founded in 1974) produces nitrogen and
phosphorus fertilizers (Ammonia 100%, Nitric
acid 100%, Ammonia water 24%, Stabilized
ammonium nitrate, Liquid nitrogen fertilizer,
Phosphoric acid (100% P2Os), TSP (100% P20Os),
MAP (54% P20s), DAP (54% P,0s), NPK (54%
P20s)). The Nitrogen Fertilizer Plant ensures the
production of “Stabilized Ammonium Nitrate”
and “Liquid Nitrogen Fertilizer”.  The
phosphorous fertilizers production installation
ensures the production of phosphoric acid, triple
superphosphate  and  complex  fertilizers
[3].Enterprises that are object of the study have
different objects of activity[1,2,9]. Table I

in  Devnya

presents their activity, industry type and object
risk.
TABLE 1. RISK POTENTIAL ENTERPRISES IN
DEVNYA INDUSTRIAL COMPLEX [9]

Company name | Activity Industry type g:)lj(ect
Solvay Sodi AD, | Production of soda ash,
Devnya, including production of chemical low
Industrial Zone | quicklime
Production of electric supply of
TPP Deven AD, | energy and thermal electricity and
Devnya, energy thermal energy, | low
Industrial Zone | Biomass volume gaseous fuels and
reduction mill water
Devnya cement Production of cement .
AD, . construction .
clinker . high
Devnya, . industry
. Production of cement
Industrial Zone
Production of nitrogen
. fertilizers - "Stabilized
Agropolychim . : "
ammonium nitrate" and
AD, ammoniur . .
Liquid nitrogen chemical high
Devnya, RO
Industrial Zone fertilizer
u Production of phosphorus
fertilizers

Table II presents their production capacity by
production plants and installations. Table III
presents enterprises, in which there are
implemented certified systems for ecological
management. [1, 2] Agropolychim AD performs
syste-matic  environmental ~management in
accordance with requirements of its Com-plex
Permit and meets requirements according to ISO
14001. In 2017 Solvay Sodi AD is recertified in
accordance with ISO 14001:2015 requirements
[6, 9]. Policies developed by the enterprises make
smooth operation of manage-ment systems
continuously reviewed and updated to ensure
their effectiveness.

C.Discharged industrial wastewater condition
Devnya Municipality is an ecological “hot point”
in ecological terms. Municipality natural waters
are affected by industrial enterprises activities
through industrial wastewater discharge. To a
lesser extent, water pollution is a consequence of
air pollutants migration emitted by enterprises.
According to the Republic of Bulgaria legislation
regarding the environmental monitoring [8, 10,
11, 14], the following indicators are obligatory
for the purpose of the water quality assessing:
Total nitrogen, Total phosphorus and TOC.
Enterprises in Devnya - subject of the study,
reports  industrial =~ wastewater  discharged
quantities and pollutants quantities in wastewater
as part of their environmental performance.
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TABLE II. ENTERPRISES’ PRODUCTION CAPACITY BY PRODUCTION PLANTS AND INSTALLATIONS [9]

RPE Product Production plant / installation Capacity
light soda 1550 thousand t/y
. Soda ash and heavy soda 1300 thousand t/y
Solvay Sodi AD quicklime sodium bicarbonate 30 thousand t/y
quicklime 3850 t/24h
Combustion plant for thermal energy production, including:
- SG CFB* Ne7; - SG Ne 3 (reserve);
TPP Deven AD Electric and -SG CFB Ne 8; - SG Ne 6 (reserve) 485 MWh
thermal energy - SG Ne 2 (reserve);
Combustion plant for thermal energy production - SG CFB Ne 7 6,25 t/h
Biomass volume reduction mill 150 t/24h
furnace Ne 5 — 70 t/h
Installation for the production of cement clinker - furnace 5, 6, 7 furnace Ne 6 — 70 t/h
Cement clinker furnace Ne 7 — 192 t/h
Devnya Cement AD mill Ne 1 — 100 t/h
and cement ill Ne 2 — 100 th
Installation for the production of cement - four horizontal ball mills 1-4 2;11 N; 3_100 th
mill Ne 4 — 100 t/h
Ammonia 100% 207 900 t/y
Nitric acid 100% 363 000 t/y
Ammonia water 24% 64 000 t/y
Nitrogen and SFabi.lize.d ammoniu.n‘l nitrate 412 500 t/y
Asropolvchim AD hosphorus Liquid nitrogen fertilizer 792 000 t/y
gropoly ‘f’e ml‘i’zers Phosphoric acid (100% P,0s) 205 000 ty
TSP (100% P,05) 164 000 t/y
MAP (54% P,0Os) 270 600 t/y
DAP (54% P,0s) 293 700 t/y
NPK (54% P,05) 363 000 t/y

*SG CFB - Steam generator with circulating fluidized bed

TABLE III. IMPLEMENTED CERTIFIED EMS [9]

EMS

Company name Certified EMS certification year
Solvay Sodi AD ISO 14001:2004 2006
TPP Deven AD ISO 14001:2004 2006
Devnya cement AD 1SO 14001:2004 2004

With regard to wastewater, the following
indicators are considered, which are conditionally
divided into two groups:

First group - main indicators that are found in
Solvay Sodi AD, TPP Deven AD and
Agropolychim AD: Total nitrogen, Total
phosphorus and TOC;

Second group - specific pollutants: at TPP Deven
AD indicators Chromium (Cr), Copper (Cu),
Zinc (Zn) and their compounds; Chlorides
(residual chlorine) are observed; and in
Agropolychim AD - Cadmium (Cd), Arsenic
(As), Mercury (Hg), Lead (Pb) and Zinc (Zn) and
their compounds; Fluorides (total F), Chlorides
(total Cl).

Specific water pollutants issued by enterprises
are not subject of this analysis. In addition,
indicators need to be scrutinized over a long-time
period.

The collected data from enterprises’ Annual
Reports about environment for the period are
presented in Figures 1 - 7 by indicators and

enterprises [3, 5, 6, 7]. Limit value is presented
by legislative regulations for each indicator.
Thresholds for the observed indicators coincide.
Regarding to the major pollutants for the period
2011 - 2020 the situation in the studied objects is
the following:

- Solvey Sodi AD (Fig. 1 - 3) [6]: According to
the indicator Total nitrogen emmisions, during
the entire analyzed period, an exceedance of the
limit value (50 t/y) is registered, but despite this,
a downward trend can be determined, because the
values are decreasing: in 2011 year 897.55 t/y are
recorded, and 2020 reached only 201.88 t/y,
which is also the lowest reported value for the
period.

According to the Total phosphorus emissions
indicator, the limit value (5 t/y) is exceeded only
in 2011 (13.06 t/y). In the following nine years
(from 2012 to 2020), the reported values are
below the norm specified in the Complex permit
of Solvay sodi AD and do not even reach half of
the maximum allowed level. The lowest value is

6
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registered in 2016 - 0.81 t/y total phosphorus
emissions. From then until 2020, values rise to
1.90 t/y. During the period 2011 - 2013, TOC
emissions are 13 times above the limit value (50
t/y). There are no data for 2014. From 2015 to
2020, emissions according to this indicator
sharply decreased: from 12.70 t/y (2015) to 4.29
t/'y (2020) above the limit value. The trend is
downward and it is expected that in 2021 TOC
emissions will enter the norm.

- TPP Deven AD (Fig. 4) [5]: At TPP, from the
group of the main pollutants in wastewater, only
the TOC indicator is applicable, the reported
levels of which (2020 - 0.21 t/y) during the
analyzed period are far below the limit value (50
t/y).

- ,,Agropolychim AD (Fig. 5 - 7) [3]: The
reported values during the analyzed period for
the three main indicators vary greatly and it is
very difficult to determine a trend. In general,
Total nitrogen emissions are below the limit
value (50 t/y) set by the Complex permit. But for
the other two indicators (Total phosphorus
emmisions and TOC emmisions) in most years of
the analyzed period they are above the norms
(respectively 5 t/y and 50 t/y).

In 2019, Total nitrogen emissions are slightly
more than 3 times above the norm. In 2020, they
are 4.51 t/y above the threshold amount. No
exceedances were registered in all previous
years.

For the period 2011 - 2015, Total phosphorus
emissions are below the norm and show a
downward trend. But in the next five-year period
(2016 - 2020) they exceed the limit value, with a
peak reported in 2018 - 8.81 t/y, which is 3.81 t/y
more than allowed to Agropolychim AD,
according to its CP. In 2019 and 2020, the
registered values are decreasing, respectively
7.39 t/y and 6.89 t/y.

With regard to TOC emissions, the situation is
very interesting, since 2011 a value of 32.75 t/y
is reported, which is below the permitted value.
2012 had a peak of 73.18 t/y, and in the
following three years it gradually decreased to
slightly below the norm (2015 - 49.78 t/y). In the
following three-year period, the values are again
drastically above the set limit value, with a peak
recorded in 2018 - 97.99 t/y, which is almost
twice the norm.
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During the analyzed period most of the
enterprises' installations worked with incomplete
loading of production capacities.

In long term, the data analysis shows ecological
management improvement of the industrial
wastewater discharged by Devnya industrial
complex enterprises into the surface water
bodies. There is a tendency of pollution level
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reduce, which is due to the proper ecological
management of production processes and in
particular the industrial wastewater treatment
before  discharge. In some  respects,
Agropolychim AD is an exception and should
make more efforts. It is necessary all operators to
periodically carry out reconstruction and
modernization of purification facilities and
stations.
IV.CONCLUSIONS

Enterprises industrial wastewater management is
improving and becoming more environmentally
friendly. Although there are still like violations in
water protection field, excessive water bodies
pollution and violation of permits conditions for
water bodies use. The studied enterprises are set
goals about environmental protection and they
have proven the commitments to these goals.
These enterprises are very important for the
economy of Devnya Municipality and the
Northeastern planning region of Bulgaria.
Because of that RIEW is refraining of restrictive
actions against above presented enterprises.

The increased pollutants content in surface
and groundwater is also due to: pollutants
infiltration, developed agriculture, animal
husbandry, lack of protective screen at landfills,
wastewater treatment plants, sewers; warehouses;
mines and tailings; BB - pesticide cubes;
contaminated sites from past activity. Beloslav
lake water area is eutrophicated. The damage is
gradually removed. By implementing projects for
construction ~ and/or  reconstruction  and
modernization of purification stations and
facilities; by changing the production methods in
industrial sites; through collection, purification
and reuse of wastewater in productions the water
management policy goal 1is achieved -
maintenance of good quantitative, chemical and
ecological waters condition. So there is obvious
need of further actions for pollutants reducing in
the water and to improve water bodies quality.
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IMPOU3BOJACTBO HA EJIEKTPOEHEPI'YUA U TOIIJIOEHEPI'UA OT
TOIVIOEJIEKTPUYECKA HEHTPAJIA JEBEH

Ejaena BoiakoBa

ELECTRICITY AND HEAT ENERGY PRODUCTION FROM THERMAL POWER PLANT
DEVEN

Elena Valkova, Technical University of Varna

Pe3rome: Bcsiko Mpou3BOACTBO 3aJB/DKUTENIHO M3UCKBA M3IOJI3BaHE HAa EJIEKTPOCHEPrHs 3a HOPMAIHOTO MPOTHYAHE Ha
MIPOM3BOJICTBEHUS Mporiec. OCOOCHO € TOJI0KEHUETO B TEPUTOPUH € TOJIsIMa KOHIIEHTPALUs Ha IPOU3BOJICTBEHH MTPEATIPHUSATHS.
[IpoyuBanero aHanm3mpa apelHoOcTTa Ha TorutoenekTpudecka meHtpana (TEL[) JleBeH, kosTo 3axpaHBa WHAYCTPHAJICH
KOMIUIEKC, Ha TEPUTOPHTA Ha KONTO pabOTAT CBETOBHH NMPEANPHUATHS OT Pa3IndHU MPOU3BOJCTBEHN CEKTOpHU. Pasrienanu ca
SKOJIOTUYHHTE TIOKa3aTeNId Ha MPEIIPUATHETO Ype3 HM3CICBaHE HA HM3IION3BAHUTE CypOBHHH, CIIOMAaraTelHH MaTepHaId U
ropuBa, KaKTO ¥ HAYMHUTE UM Ha BB3/eHCTBHE BbPXY OKOJIHATA CPEJa M OCUTYpsiBaHE 0€30MacHOCTTa Ha PaOOTHHUIINTE.

Ki1r040BH 1yMH: eJeKTpOCHEPT s, TOIIOCHEPT s, TOIUIOEIEKTPUIeCcKa [IEHTpajla, €KOJIOTHYHO MIPECTaBIHE

Abstract: Each production necessarily requires electricity use for the production process normal course. Special situation is
in territories with a large concentration of manufacturing enterprises. Study analyses activity of Thermal power plant (TPP)
Deven, which supplies an industrial complex, on the territory of which world enterprises from different production sectors
operate. Enterprise' ecological performance is considered by studying the used raw materials, auxiliary materials and fuels, as

well as their ways of impact on the environment and ensuring the safety of workers.
Keywords: clectricity, heat energy, thermal power plant, ecological performance

I. Introduction

Each production requires the appropriate raw
materials, auxiliary materials and fuels. The
obligatory raw materials used in each production
process are water and electricity. There are many
productions that require also heat using. For
territories with a large concentration of
production enterprises - consumers of electricity,
which have great economic importance, it is
especially convenient to create a power plant to
supply them with energy so that enterprises to not
be affected by the increase in household energy
consumption.

Losses of voltage, power and energy in the
power supply system leads to production
processes disruption. Unexpected interruption or
disruption of electricity characteristics from
electricity supply system would lead to disruption
of industrial sites functioning. Such situation will
disrupt the ongoing processes. As a result, in
addition that an enterprise will bear financial
losses, significant accidents or even disasters are
possible, as enterprises are carriers of a
significant risk to both the population and the
environment, especially when they are classified
with risk potential.

Nowadays, for each company, its
environmental  performance is  extremely
important, as good environmental performance
further expands the markets in which it can
operate. Low and high risk potential enterprises
have the greatest negative environmental impact.
Therefore, it is important to calculate the risks
and to take all necessary measures to avoid any
negative deviations in the production processes.
Industrial sites provision with an independent
electricity supply system stands out among the
possible measures.

Devnya Municipality, which 1is placed at
Northeastern planning region of Bulgaria is an
industrial center [1, 6]. Some companies that
operate in this area are global producers in
various sectors and they cannot afford to disrupt
their production processes because they will
suffer huge economic losses. Therefore, paper
presents an overview and analytical review of the
existing Thermal power plant Deven in the
Devnya industrial complex. Study is aimed at
analyzing and determining the advantages of TPP
Deven for industrial sites, human health and
environment, as due to the large industrial
production Devnya Municipality is defined as an
ecological "hot point" in ecological terms [1,2,6].
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II.Methodology

Study presents an overview and analytical review
of electricity and heat energy production by
cogeneration method by Thermal power plant
Deven. Since TPP Deven AD (object of the
study) establishment, it supplying electricity and
heat energy to the enterprises in Devnya
Industrial Complex. Since 2000 it is part from
Solvay Sodi AD; and since 2017 it is merged into
Solvay Sodi AD, so the thermal power plant is
inextricably linked to the enterprises and
participates in their production processes. TPP
Deven AD is classified as a low risk potential
enterprise. Production plant, used raw materials,
auxiliary materials and fuels are considered. In
addition, ways in which it affects environmental
components are studied. As a production process
to be defined as efficient, it is necessary to
demonstrate that its impact on human health and
environment is as minimal as possible. Collected
and analyzed data is from Solvay Sodi AD own
environmental monitoring and from the Annual
Environmental Report for 2019 [5].

III.RESULTS AND DISCUSSIONS
A.Brief overview of the main features of TPP
Deven
The Thermal power plant Deven at Solvay Sodi
AD is a highly efficient cogeneration plant for
the production of electricity and heat energy. It is
consumed by production enterprises in Devnya
industrial complex [5]. Thermal power plant
carries out combined production of heat and
electricity from steam turbines with teams,
condensing turbines and backpressure turbines by
separate combustion of imported coal, anthracite,
petrocox and gas oil / diesel (for ignition).
Installations for which complex permit [3] has
been issued and the respective capacity are
presented in Table I.

TABLE L. Installations and production capacity

Capacity,

Production plant / installation thousand b or MW

Installations within the scope of Annex Ne 4 of the Environmental Protection Act (EPA) [4]

Combustion plant for thermal energy production, including:

- steam generator NeT with circulating flusdized bed (3G CFB NeT);
- 5G CFB Ne§;

- 8G Nel (spare);

- 5G Ne3 (spare);

- 5 Nefi (spare)

483 MWh

Combustion plant for thermal energy production - 8G CFB N7 6,23th

Biomass volume reduction mill 150t24h

Installations outside the scope of Annex Ne 4 of the EPA

Pre-treatment activity (dewatering and shredding) in Auger system fo 5G Ne2, Ne3
and Nef of waste with code and name 10 01 01 - Cinder, slag and bottom ash from
boilers (excluding boiler ash mentioned in 10 01 04)

41,76 24h

Brief overview about the installations and the
technological scheme is presented below:

Collector technological scheme includes: main
facilities (boilers and turbines) are connected to a
common main steam collector (MSC);
connections between the steam outlets and the
backpressures of individual turbines by types of
parameters; reservation with reducing devices.

Nominal production capacities of
equipment:

- Steam generators available on site: 2 units
with a total installed capacity of 485 MW or 650
t/h steam with a pressure of 10 MPa, temperature
540°C and numbers: steam generator Ne7 with
circulating fluidized bed (SG CFB Ne7) and SG
CFB Ne8, burning solid fuels; and 3 spare steam
generators - SG Ne2, SG Ne3 and SG Ne6, with
installed total power 400 MW or 640 t/h steam
with pressure 10 MPa, temperature 540°C,
burning solid fuels;

- Turbogenerators: 8 units with a total electric
power of 125 MW;

- Water treatment systems: 1 CWT-3
(Chemical water treatment sector (CWT-1,2,3)) -
1000 m>/h.

SG CFB Ne7 is included in the steam
generation scheme, during 2009 and at the end of
2017 - the newly built SG CFB Ne8. Changes in
the production capacity (nominal steam
production and nominal heat output) of the
installation are as follows:

the

Nominal steam Nominal heat

Steam generator

production [t/h] output [MW]
SG CFB Ne7 400 300
SG CFB Ne§ 250 185
SG Ne2 (spare) 160 120
SG Ne3 (spare) 160 120
SG Neb (spare) 220 160
Total: 650 485

So, in 2019 the installation has installed actual
total production capacity of 485 MW
(corresponding to SG CFB Ne7 - 300 MW and
SG CFB Ne8 - 185 MW) and installed backup
capacity of 400 MW (corresponding to SG Ne2 -
120 MW, SG Ne3-120MW and SGNe6-160 MW).
Facilities and equipment for incoming raw
materials and flows:

- Coal and coal supply - open coal warehouses
(3 pieces for a total of 300 000 t) bunker
unloading, feeders, rubber conveyor belts from
Nel to Ne7, prespills, crude coal bunkers (4
pieces - two for each of SG 7 and 8);

10
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- Limestone and limestone supply - open
warehouse (1 piece for a total of 150 000 t),
bunker unloading, feeders, rubber conveyor belts
from Nel to Ne7, prespills, limestone bunkers (2
pieces - one per each of SG 7 and 8);

- 2 tanks for industrial gas oil / diesel - 1x75 m3
and 1x350 m3;

- Natural gas and gas control point (GCP) - gas
pipeline from gas distribution station (GDS) -
Povelyanovo to GDS with underground and
aboveground part with pressure from 1,0 to 1,2
MPa; gas pipeline from GCP to the gas-oil
boilers with a pressure of 0,15 MPa, which is not
operated;

- Raw water - Plumbing from Tsonevo
derivation - 1300 m3/h; Plumbing from Ludetina
derivation - 400 m3/h; Plumbing for heated water
from Solvay-Sodi - 600 m3/h; own deep drilling
- 216 m3/h.; Shafts raw water (SHRW) - 2 pieces
with 3 pumps per each; 4 pumps to water-
preparation installations.

Facilities for outgoing products and flows include
outgoing steam mains and external consumers to
the Main switchgear (MSG). Outgoing steam
mains are: Steam mains 3,6 MPa: three to
Solvay-Sodi and one to Agropolychim; Steam
mains 1,7 MPa: per one to Solvay-Sodi and to
Agropolychim; Steam mains 0,6 MPa: three to
Solvay-Sodi and one to DZZ AD. External
consumers to MSG are:

- 2 transformers for electricity export:
transformers 101 u 102 to Substation Polymeri in
Main lowering substation (MLS) of Polymeri for
National Electric Company (NEC);

As a result of investment proposal
implementation for  “Construction and
commissioning of a new open distribution system
(ODS) 110 kV for connection of Deven AD and
Solvay Sodi AD to electricity transmission
network at 110 kV level", Thermal power plant
already exports directly electricity to NEC,
without it passing through MLS Polymeri.

- two 20 kV outlets for electricity transmission
to the soda ash installation of Solvay Sodi AD.
Means for management, control and automation
include two control shields and control-
measuring devices and automation.

B. Ecological performance of TPP Deven
according to used raw materials, auxiliary
materials and fuels

Use of water: Processes and equipment related
to the highest water consumption for production
needs and for cooling of steam generators in the
combustion plant for heat energy production are
defined. Separate devices for measuring water
amount for production, drinking-household and
other needs of drilling wells R-154x and R-156x
are installed. Annual efficiency rates of fresh
water for production needs (including cooling)
for 2019 for combustion plant for heat energy
production are presented in Table II - expressed
as annual water consumption for the production
per unit of product.

TABLETL
(INCLUDING COOLING) PER UNIT OF PRODUCT

ANNUAL RATES OF EFFICIENCY OF FRESH WATER FOR PRODUCTION NEEDS

Annual rate of efficiency in the water use,
p*/unit of product and m¥MWh, according

funi W]
 Comples Permit (CE) nse, m*/unit of product and m¥MWh

Annual rate of efficiency in the water

Combustion plant for heat energy production:

Water from Napoitelai sistemi EAD
5 [water from Tsonevo Dam)

w | Water from Solvay Sodi

Water from drilling well P 136x

Water
ource

47 miMWh 1,36 miMWh

Use of energy: Operation and maintenance of
heat exchange and electric conversion parts of
technological equipment (smoke fans, air fans,
solid fuel mills, feed and circulation pumps) are
main consumers of electricity for the combustion
plant for heat energy production. Consumed
electricity and heat energy quantities are reported
by measuring devices. Table III presents annual
efficiency rates in terms of energy consumption
for 2019 in the operation of combustion plant for
energy production with a nominal heat output of
485 MW.

TABLEIII. ENERGY CONSUMPTION DURING OPERATION OF COMBUSTION PLANT FOR

ENERGY PRODUCTION

Annual rate of efficiency in the
electricity / heat energy use,
according to CP

Electricity / Heat energy, MWhMWh

Annual rate of efficiency in the
electricity / heat energy use for 2019

Electricity for a combustion plant for

production of heat energy per unit of product 003 MWRMWh

0,027 MWhMWh

Electricity for biomass volume reduction mill

per unit of product 0.013 MWhMWh

0 MWEMWh

Heat energy for a combustion plant for heat
energy production per unit of product

0,25 MW MWh 0,132 MWhMWh

Use of raw materials, auxiliary materials
and fuels: Auxiliary materials used are a
coagulant and various types of reagents for
production of chemical water treatment and one
reagent for nitrogen oxides reduction in waste
gases. Fuels used for SG CFB Ne7 and Ne§
operation are petrocox, anthracite and coke
screenings, medium / low volatile bituminous
coal, and for spear steam generators - coal.
Annual efficiency rates for the used quantities of
raw materials, auxiliary materials and fuels with
the determined in the Complex Permit are given
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in Tables IV and V. Coal and limestone storage
for daily stock for steam generators with
circulating fluidized bed is carried out in two
silos, each with 650 m® volume, and for the
limestone in a silo with 400 m’® volume.
Auxiliary materials and fuels storage, which are
used in the combustion plant for heat energy
production is carried out only on separate sites.

TABLE IV. AUXILIARY MATERIALS USED IN OPERATION OF COMBUSTION PLANT FOR

HEAT ENERGY PRODUCTION

Annual rate of efficiency

[tMWh heat energy], according to Annual rate of efficiency
P

Auxiliary materials [tMWh heat energy]

Coagulant 0,000001 0,0000005
Reagent for production of CWT (trisodium 0,000004 0,0000007
phosphats)
Reagent for production of CWT (sodlfum hydroxide) 0,0003 0,00014
Reagent for production of CWT (Jime milk) 0,00059 0,00056
Reagent for production of CWT (fydrochloric acid) 0,0009 0,00034

Reagent for nitrogen oxides reduction in waste gases

and for production of CWT water) 0,001 0,00001

TABLEY. FUELS USED IN OPERATION OF COMBUSTION PLANT FOR HEAT ENERGY
PRODUCTION
Fuels Annual rate of efficiency Annual rate of efficiency
[tMWh heat energy], according to CP [t'MWh heat energy]
5G Mel, SG Mol and 5G Nedi
Coal I 0,03 [ 0.01
SG CFB M7 and SG CFB Mo
Petrocox 0,15 0,10
Anthracite and coke screenings 0,05 00
Medium / low volatile bituminous coal 0,18 0,02

In order to ensure normal operation and prevent
spills of lubricants, liquid fuels and reagents, a
visual inspection of fuel facilities, warehouses
and sites for storage of fuels, auxiliary materials
and their associated systems is performed during
each work shift. Inspections are intended to
establish, whether there is presence of leaks and /
or spills from tanks and their adjacent
communications; what is the condition of the
insulation, the adjacent stairs and landings and
the embanked areas. If there is leaks from
pipelines and / or flanges, fittings, pumps, the
necessary actions are taken: liquid materials or
fuels supply to that part of pipeline in which a
leak is detected shall be stopped immediately;
rapid measures are taken to locate the leak;
contaminated area is cleaned in a timely manner;
management of generated waste as a result of the
performed cleaning is carried out according to
“Waste management” requirements.
C.Ecological performance of TPP Deven
according to emissions of harmful substances
and waste generation

The following treatment facilities for atmosphere
emissions are operated at TPP Deven: bag filter
to SG Ne2, to emitting device (ED) Nel (185m);
electrostatic precipitator to SG Ne3, to ED Nel
(185m); electrostatic precipitator to SG Ne6, to
ED Nel (185m); electrostatic precipitator to SG

CFB Ne7, to ED Ne2 (180m); per one SNCR for
waste gas treatment from NOx to SG CFB No7
and 8, to ED Ne2 (180m); bag filter to SG CFB
Ne8, to ED Ne2 (180m); six bag filters to
aspiration system (AS) from Nel to Ne6.
Aspiration systems to a combustion plant for heat
energy production are equipped with purification
facilities type “bag filter”. For the open
warehouses for fuel and limestone storage, all
necessary measures are taken to reduce
particulate matter emissions. Harmful substances
emissions in waste gases emitted by emitting
devices Nel and 2, are measured by continuous
emission measurement systems (SCM). Sampling
points are built to the emitting devices of
aspiration systems from Nel to Ne6 - ventilation
outlets after each of bag filters, providing air
dedusting system from prespills, dust bunkers,
auger and repair hatches of coal bunkers for solid
fuels. Regarding the relocation of the gas duct of
SG Ne7 from emitting device Nel to device Ne2, a
new sampling point is built to emission source
SG CFB Ne7 - ventilation outlet after treatment
facility “bag filter” of a steam generator with
circulating fluidized bed Ne7.

Results of conformity assessment of measured
values of controlled indicators with the emission
norm specified in the Complex permit, the
identified reasons for the non-compliance, as
well as the taken corrective actions are
documented and stored.

Emitted pollutants according to EPEBB and
PRTR from TPP at Solvay Sodi AD in the
ambient air are: CO, CO2, NOx/NO2, SOx/SO»,
Fine Particulate Matter<10um (PMy).

Treatment facilities that protect water bodies
from pollution are two neutralization basins and a
sludge trap.

Neutralization station (two neutralization
basins): Continuous pH measurement at the
outlet of the neutralization basins is provided.
The neutralization station is a local treatment
plant, which receives mainly two wastewater
streams - water from acid and alkaline
regeneration of ion-exchange filters and water
from lime decarbonization.

Technology used in the “Water Treatment” sector
of TPP fully corresponds to the recommended
technology described in the Reference Document
on Best Available Techniques for Large
Combustion Plant - July 2006.
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The first stream of waste liquids is generated
periodically at the moments when acidic or
alkaline regeneration of the filters takes place.
The pH value of this stream is relatively neutral
due to the fact that sequential regeneration of the
cationic and anionic filters is performed in a short
time period. The lime decarbonization flow is
constant over time and alkaline. This is what
determines the high value of the pH indicator at
neutralization station outlet.

A project for transit supply of wastewater
transporting, which transport waste from solid
fuel combustion and wastewater from water
demineralization to  the sludge pump
compartment of Solvay Sodi AD is realized, in
order to optimize and reduce water and electricity
consumption for waste streams transportation
from thermal power plants in the settling basin
“Padina”.

Wastewater use from Deven AD is allowed -
wastewater from “Chemical water treatment”
sector, railway unloading for reagents and
reagent farm, only for neutralization and cooling
of wastewater from electrostatic precipitators to
lime kilns.

A sludge trap: Periodic inspections and cleaning
of the sludge trap outlet, which is after the auto
fleet, are performed. Oil products concentration
at the sludge trap outlet is monitored. In case of
water presence in the outlet channel after the
facility, a sample is taken and a laboratory
analysis to determine petroleum products
concentration is performed.

Own groundwater monitoring is performed at the
following sampling points: measuring point (MP)
1, MP 2, MP 3 and MP 4. Observed indicators

are: Water level, Active reaction, Electrical
conductivity, Total hardness, Permanganate
oxidizability, = Ammonium  ion, Sulfates,

Chlorides, Phosphates, Zinc, Lead, Chromium,
Iron, Mercury, Cadmium, Copper, Arsenic,
Polycyclic aromatic hydrocarbons, Petroleum
products.Discharged pollutants according to
EPEBB and PRTR from Thermal power plant in
the water intakes are: Chromium (Cr), Copper
(Cu), Zinc (Zn) and their compounds; Total
organic carbon (TOC) and Chlorides (residual
chlorine).There are no pollutants discharges with
regard to soils.

Generated industrial waste during the operation
of a combustion plant for heat energy production

are: 10 01 01 Cinder, slag and bottom ash from
boilers; 10 01 02 Entrained fly ash from burning
coal; 10 01 05 Solid wastes from calcium-based
reactions from desulphurisation of waste gases;
10 01 24 Sands of combustion in a fluidized bed;
19 09 05 Saturated or spent ion-exchange resins.
This waste are handed over for disposal in the
Non-Hazardous Waste Landfill of Solvay Sodi
AD.
Allowed for acceptance waste on the TPP site
territory are: 03 01 01 Cork and wooden barks
waste; 03 01 05 Bran, shavings, cuttings, chips,
timber, particle board and veneers, other than
those mentioned in 03 01 04; 03 03 01 waste
barks and wood. Waste is accepted for purpose of
carrying out recovery activities marked with code
R 1 (use of waste mainly as fuel or other means
of obtaining energy) in combustion plant for heat
energy production: SG CFB Ne7.
TPP performs recovery activities, marked with
codes: R 12 (Waste exchange for any of the
activities with codes R 1 - R 11 pre-treatment -
milling) in Biomass volume reduction mill; R 13
(Waste storage until performance of any of the
activities with codes R 1 and R 12); R 1 (Use of
waste mainly as fuel or other means of obtaining
energy), in SG CFB Ne 7 of the following wastes
with codes: 03 01 01, 03 01 05, 03 03 O1.
TPP performs recovery activity, marked with
code: R 12, in Auger system to SG Ne 2, Ne 3 and
Ne 6 of waste with code 10 01 01 - Cinder, slag
and bottom ash from boilers (excluding boiler
ash, mentioned in 10 01 04).
Recovery activities marked with code R 10 (Land
treatment resulting in benefit to agriculture or to
environment - their use in partial technical
reclamation of the indentation between the 5th
and 6th stages of settling basin “Padina”
upgrading, as well as other disturbed terrains) of
the following wastes are permitted: 10 01 01; 10
01 02; 1001 05; 10 01 24.
In 2017 Solvay Sodi AD is recertified in
accordance with ISO 14001:2015 requirements,
TPP Deven also, because it is part of Solvay.
IV.Conclusions
Presented overview of the operating installations
in Thermal power plant Deven shows that it has
sufficient capacity to supply all consumers of
electricity and heat energy from Deven industrial
complex. In this way, production enter-prises
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guarantee their security in terms of smooth
running production processes.

In addition, electricity and heat production in
TPP Deven is organized so as to use natural
resources sparingly, to wuse largest possible
percentage of capacity of produced heat, to not
burden environmental components with large
pollutants amounts and to not disturbs the natural
habitats with generated waste amounts. In
addition, waste management system is organized
so as to utilizes part of wastes in combustion
plants, and another part - in strengthening
activities and reclamation of disturbed terrains.
Utilization of wastes accepted by other
companies is also permitted.

Furthemore, the used cogeneration method for
energy production proves its effectiveness in
terms of the good environmental performance of
the plant, but also in terms of ensuring the safety
of workers and employees and the nearby
population. As a part of Solvay Sodi AD, TPP
has integrated environmental —management
system, which is certified according to the
requirements of ISO 14001:2015, ISO 9000,
OHSAS 18000 and ISO 45001:2018.
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AHAJIN3 HA PASIIPOCTPAHEHUETO HA CBETJIMHATA B KJIAC OIITUYHH
BJIAKHA C YUCJIEHU METOIH

Keiino Us. KeiinoB

MUSICAL STAIRCASE ANALYSIS OF LIGHT PROPAGATION IN A CLASS OF OPTICAL
FIBERS BY NUMERICAL METHODS

Zhejno 1. Zhejnov

Pe3rome: B cratusita ce mpaBu 0030p Ha HAKOM YHCIEHH METOAM 3a OIMCAHWE Ha Pa3IpPOCTPAHEHHETO HA CBETIMHATA B
ONTHYHHM BBbIHOBOAX. CpaBHABAT C€ aHATUTUYHUTE M YUCICHUTE METOAM 3a aHAIN3 HA Pa3INYHH THUIIOBE ONTHYHH BIIAKHA C
TEeXHUTE NPeAUMCTBBA U HEJOCTAaThIM. J[aBa ce HaKpaTKO METOJOJIOTHTA HA aHAIM3a U HAKOM pe3ynTtaTd. Pasriexnar ce
U3IAI0 BBJIHOBUTE METOAM 3a aHANM3 Ha eJeKTPOMAarHUTHOTO moje. [loka3Ba ce W3MOI3BAaHETO Ha BapUAIlIOHHHUTE
NPUHLMUIIM U TErJIOBHUTE OCTaThbyHM Meronu. OOscHsIBa ce (OpMUpAHETO Ha TIJio0anHaTa Mpexa M eJIeMEHTUTE Ha
Mmarpuiure. Pasriexsia ce BEKTOPHUSI METOZ Ha KpallHUTE €JIEMEHTH 3a I0JydyaBaHe Ha MOJUTE BbB (POTOHHO-KPUCTAIHH
BJIAKHA.

KaouoBn nymu: OnTHYeH BBJIHOBOJ, YHCICHH METOMAHM, PA3lpPOCTpaHEHHE Ha CBETJIMHATa, MOAM, METOJ Ha KpalHHUTE

CJIICMCHTH, (I)OTOHHO KPUCTAJIHO BJIAKHO.

Abstract: In the article some numerical methods for describing the propagation of light in optical waveguides are
discussed. Analytical and numerical methods for the analysis of different types of optical fibers are compared with their
advantages and disadvantages. The methodology of the analysis and some results are briefly given. Wave methods of
electromagnetic field analysis are fully considered. The use of variational principles and weighted residual methods is
demonstrated. The forming of the Global mesh and matrix elements are explained. The vector finite element method for

obtaining the modes in Photonic Crystal Fibers, is considered.

Keywords: Optical waveguide, numerical methods, light propagating, modes, finite element method, Photonic Crystal

Fiber.

OnNTUYHOTO BJAKHO € U3pabOTEeHO BBHB
dopmara Ha TBHBK LWIMHIBP. B Hero ce
BBBEXK/A CBETJIMHA, KOSTO B3aUMOJEHCTBA C

martepuana. ONTHYHUTE BJIAKHA CIyXaT 3a
U3MEpBaHE Ha PpA3IMYHM  [apaMeTpd, 3a
ycUJBaHE HA  CUTHaJM, IpEHacsiHe  Ha
uHpopMalus, 3a u3pabOTBaHE Ha Jia3epHu.

M3nons3Bar ce WMUPOKO B TEIEKOMYHUKALUUTE
KaTo cpela 3a MpexXBbpisiHE Ha HHQpOpMaIus
MEXy JIB€ TOUKH, KaTO TPAaHCOKEAHCKH Kabenu
U kabemu OO0 JOMa, KOETO  I03BOJIsSIBA
IIPEXBBPIIIHE HAa JJAHHU C BHCOKa CKOpPOCT. Te
paboTAT KaTo ONTUYHHU CEH30pU 332 U3MEPBAHE Ha
¢u3nueckd BEIMYUHH: TEMIlepaTypa, BBPTEHE,
AKYCTHYHHU U APYyru BEJIMYWHH, KAaTO MOrat Ja cc
U3NOJI3BAT B EKCTPEMHU CpeId C BHCOKa
TEeMIepaTypa U BUCOKO HampexeHue. OCBEeH ToBa
ONTUYHUTE BJIAKHA MOrarT Ja ce IoJ3BaT 3a
yCUJIBaHE Ha CHUTHajla, 3a TMPEXBbpJISIHE Ha
€Heprus, InperaBaHe Ha M300paKEHHS U MHOTO
JPYTH LEIH.

TexHonorusTa 3a ONTUYHM BJAKHA C€
u3cieBa aKTUBHO OT (UMM U UHXKEHEpH.

BiiokeHH ca OTPOMHH peCypcH U CpelCTBa 3a
noJO00psiBAHE HA CBOWCTBaTa Ha ONTUYHUTE
BJIaKHA U M3CJIJ[BAHE HA HOBU BUJIOBE BJIAKHA 32
Pa3JINYHM [ETH KaTo MEIUIMHA, CTIEKTPOCKOIIHS,
CCH30PH M TEJICKOMYHUKAIIUH, KOUTO ¢4 OCHOBHH
NPUJIOKCHUS HA ONITUYHUTE BJIAKHA.

AHamn3eT Ha OIITUYHUTC BJIaKHa n
YCTPOMCTBA  M3HWCKBA  MPOBEXKJAHETO  Ha
CKCIICPUMCHTAJIHU HWJIM YHUCJICHHU H3CICABAHUA.
ExcnepuMeHTBT OTHEMa BpeMe | HM3UCKBA

roireMu (Qusnuecku pecypcu. TeopeTH4HOTO
U3CIEBAHE C€  OCHOBaBa HAa  YHCJICHU
CHMYJIALUH. [TonzBar ce ajanTupaHu

AQHATUTUYHY WIH YUCIICHU METOJU B 3aBHCHUMOCT
OT M3cIeBaHOTO BiIakHO. LlenTa e 1a ce pa3zdepe
KaKk TMpOMSHAaTa Ha pa3IUYHUTEe (PUINYECKU
MapaMeTpH Ha BJIIAKHOTO W JU3aiiHa BIUSAC BBPXY
onTuyHUTe My cBoiictBa. C aHaimu3 Ha
MPEJICTABEHUTE  CUCTEMATHYHU  W3CIICABAHUS
MOXE Ja Cce peanu3upa Iu3ailH C IKEIaHUTe
CBOMCTBA Ha ONITHYHOTO BJIAKHO.
KonBeHnmonamxuure TEXHOJIOTHH 3a
ONTHUYHH BJIAKHA CBC CTHKIEHA (CHUIIMIIMEBA)
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CBPIICBHHA Ca YCHBBPIICHCTBYBAHH 3HAYUTEIHO
OT MBPBOTO YCHEIIHO CbH3JaJCHO CTHKICHO
BiakHo mpe3 1957 r.. Ilpe3 1970 r. Oeme
MPOU3BEICHO ONTHYHO BJIAKHO C HHUCKH 3aryou-
non 20dB/km. PaspaborBanero Ha Jierupan c
epOmii ycuiBaresn 3a ONTUYHO BIakHO mpe3 80-Te
TOAMHA Ha MHHAJIMS BEK HaMalid IleHaTa Ha
KOMYHHUKAIMATA HA ABJITU PA3CTOSHUA, Thid KaTo

ONTHUYHUAT CUTHA MOXE Ja C€ YCHIIBa
JTUpEKTHO, ©0e3 gJga ce mpeoOpa3syBa B
enekTpuyecku. Taka HamansBa OposAT Ha

MMOBTOPUTEIIUTE IO ONTUYHATA JIMHHUSL.

JlHec onTHMYHUTE BJaKHA ca €aHA OT HaW-
noopute KOMYHHUKAIIMOHHU cpeau 3a
KOMYHUKAIIMM Ha JBJITM pa3cTtosHus. Te umar
MHOTO HHCKM 3aryOu, ycTOMYMBM ca Ha
€JIEeKTPOMArHUTHU CMYUIEHUSI W HMaT LIMPOKa
YECTOTHA JICHTA, KaTO OCHUTYpsIBAaT HAa-BUCOKHU
CKOpOCTH Ha MpelaBaHe Ha JaHHU. ONTUYHUTE
BJIaKHA C€ M3IO0J3BaT B TOJIBOJHU HWHTEPHET
Kabenu, KOHUTO OCHUT'ypsIBaT HaACKICH
BUCOKOCKOPOCTEH HWHTEpHET. B  onTuyHuTe
TEJEKOMYHHUKALIMM CIEKThPBT HA JIbJHDKMHATA Ha
BbJIHATA € pasleleH Ha TpU MPO30operna,
ChOTBETHO Ha JBDKMHHM Ha BbIHHTE 850nm,
1300nm wu 1550nm. OnTUYHUTE BJIAKHA U
WHTETPUPAHUTE ONTUYHH BBJIHOBOAM HaMHUpaT
[IMPOKO MPUIIOKEHUE U B IPYTH 00JIaCTH.

OnTUYHOTO BIIAKHO MpEICTABIISIBA
HAJTUHAPUYEH JUEICKTPUUCH BHIHOBO - (ur. 1.

Wnesita na ce npeBbpHE CTHIOUIIETO HA CTpaja
B TMTaHTCKa KJIaBHATypa Ha MHAHO HE € HOBa.
[lenTa e neuara a Urpast ¢ HEro, 8 MUHYBAUUTE
na ObJaT HACBPYECHH Ja CIIOPTYBaT, JOKATO Ce
3a0aBnsiBaT Ja CBUPIT TPOCTH  MEIOJUH,
JIBIDKEUKU C€ MO0 CThIajgara Ha MY3UKATHOTO
cTenbume. B mpencraBenata paspaboTka ce
m3non3Bar 11 cremama 3a KIABHUINH, KOETO
MO3BOJISIBA CBUPEHE HA €AHOTJIACHU MEJOJHM C
nuana3oH 1 okraBa.

MukpokomMmoTep THIl “Arduino” ce u3mnons3sa
3a TeHepUpaHe Ha TOH /3BYK C TOYHO OMpeJieieHa
4ecTOTa/ U TIPU OTpeeNiTHEe MSCTOTO Ha YOBEKa,
3aJieMCTBYBAI KJIaBuIla, KOWTo 1o cBupu Kem 11

I_II/I(I)pOBI/I BXOJa Ha MHUKPOKOMIIIOTHpPA Ca
CBbpP3aH HU3XOAUTEC Ha JaT4YUIU. Ha CINH
I_II/I(I)I)OB n3xon Ha MHUKPOKOMITIOTHPA Cce

IojiydyaBa reHEpupaHO HAIPEKCHHUE C YECTOTaTa
Ha CBUpPCHATAa HOTA. To ce mnomaBa Ha
HHUCKOYECTOTCH YCHUJIBATEIIL. VcunenusaT TOH ce
BB3IIPOU3BCIKAA OT 3BYKOBA KOJIOHA.

CodTyepbT, KOHUTO € HaNUCaH 3a IeNTa, IbPBO
3a/aBa QYHKIMHUTE Ha W3IOJI3BAaHUTE M3BOJM Ha
MUKPOKOMIIOThpHATa  rmiuaTka. [locme  ce
U3IIBJIHSIBA HEMPEKbCHAT IMKBJI, B TAJIOTO Ha
KOWTO  ce  TpoBepsiBaT  TOCIEIOBATEIHO
ChCTOSIHUSATA HAa LU(POBUTE BXOJOBE /T.€. AU
“Ma OOEKTH TIO CBOTBETHUTE CThhana/. AKO
HSKOM OT JaryunuTe € cpaboTWil, ce HU3CBUpPBA
HOTa ChC CHOTBETHATA BUCOYHHA.

YCTpoHCTBOTO € MOHTHUpPaHO B 3aTBOpPEHa
macTMacoBa KyTus. B Hes ca mocTaBeHU
clenHuTe OJIOKOBE: MUKPOKOMITIOTHD ‘‘Arduino
Uno” ¢ miiaTka 100bJIHUTENHA €JIEKTPOHUKA; JBA
UMITYJICHH 3axpaHBany Omoka — 9V/1A, kolTo
3axpaHBa MHKPOKOMIIOThpHATa IUIaTKa |
12V/1A, KOWTO 3axpaHBa JaTYHUIMTE; KOHEKTOP
3a CBbpP3BaHE KbM HOPMAJHO OTBOPEHHUTE
KOHTAKTH Ha peJieTaTa Ha TaTYHIIUTE U KOHEKTOP
3a CBbp3BaHE KbM BXOJa HAa HUCKOYECTOTHHS
YCHJIBATEL.

[lpuHuunHa  eneKTpuyYecka
YCTPOMCTBOTO € TIoKa3aHa Ha dur. 1.

cXema Ha

@ur. 1. Tunnyna cTpyKTYypa Ha CUIIMIMEBO
ONTHUYHO BJIAKHO.
1 - cepreBuHa, 2 — 00BHBKA, 3 - Oydep, 4 -
3aIIUTHO TIOKPHUTHE.

To e u3rpasieHo OT CBHPLEBHUHA C BUCOK
WHJIEKC HA  TpedylnBaHe, B  KOATO Ce
pasmpocTpaHsBa cBernuHata. ChbplieBUHATa €
3a00MKOJIEHa OT OOBHBKA, C MAaJIKO IIO-HHCBHK
WHACKC Ha TIpeuyylBaHEe OT ChpPLEBUHATA H
MOKPUTHSI, KOWUTO  OCHTYpsSBAT  MEXaHWYHA
3aIMTa Ha BIAKHOTO OT (PU3UYECKO YBPEXKIAaHE U
Mpera3BaT CThKJIEHATa MOBBPXHOCT OT BJIara u
MPaxOBH YACTHUIIH.

Pa3mepbT Ha chpreBHMHATA U pa3iHMKaTa B
WHJIEKCa Ha TIPEYylBaHE MEXIY ChPIIEBUHATA U
oOBHMBKaTa WrpasT OCHOBHa pOJsS  MpHU
oTpeJiesITHe Ha CBOMCTBAaTa Ha BIAKHOTO. BakeH
ONITUYEH MapaMeThp Ha BCSAKA Mpo3payHa cpefa €
WHJIEKCHT HA TMPEUyNBaHEe N, KOWTO C€ Ompenens
KaTo OTHOIIIEHHE Ha CKOPOCTTa Ha CBETIMHATA B
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MaTepuaiga vV U CKOpPOCTTa Ha CBETIMHATa BbB
u
BaKyyM C. M =_ (1)

[IpoMsiHaTa Ha MHJEKCAa HA MpPEYyINBaHE C
IbJDKUHATA Ha BBJIHATA BOJAU JI0 PA3LIMPSIBAHETO
Ha MPOJIBHKUTEIIHOCTTA HA uUMITyJica (10 BpeMme)
U JObJDKUHA (mpocTpaHCTBeHO). MHAEKCHT Ha
MPEUYyIBaHE HA PA3TONCHUS CUJIHIINEB JTUOKCHI
CWJIIHO 3aBHCH OT /JAb/DKMHAaTa Ha BBJIHATA.
[IpoMsiHaTta B MHAEKCA HA MPEUYYNBAHE MPH I0-
HUCKU IBJDKMHM Ha BBJIHATA € MHOro ps3Ka,
KOETO BOIM /O BHCOKa CTOWHOCT Ha
JUCTIepCHUsTA.

Pasnpocrpanennero Ha cBeTIMHAaTa B
ONTUYHO BJIAKHO MOXe Aa ObJe 00sSCHEHO upe3
3akoHa Ha CHenuyc. YacT OT CBETIIMHHUTE JIBYH,
OBTYBAllM OT CHPICBUHATA KBbM OOBHBKATA,
JOCTUTAT MOBBPXHOCTTA SAPO/0OBUBKA MO BI'bJI,
MO-TOJIIM OT KPUTUYHHS, ToBa mNpean3BUKBA
OBJIHO BBTPEIIHO OTpakeHue. Te3um mpum ce
oTpa3siBar o0OpaTHO B CBHPIEBUHATA W HE
npeMuHaBaT B oOBHMBKaTa. Taka ce yabpxka
CBETIMHATa B CBHPIEBMHATA Ha BJIAKHOTO.
Beuuku apyru nbum ce mpeuynBar U U3IH3aT OT

AIPOTO.
B onTuuynuTe cucreMu JBE OCHOBHHU
CBOICTBa OrpaHHYaBaT BbB3MOXKHOCTUTE 3a

npelaBaHe: 3aTHXBAHETO (3aryda Ha MOIIHOCT) H
nucriepcusta (pa3lMpeHueTo Ha umimyica). U
JIBETE MOTaT JIa UMaT BPEIHO BH3CHCTBUE BBPXY
TeJIeKOMYHUKalMuTe.  TexHuTe  CTOMHOCTH
TpsiOBa Ja OBJAT MajKd WIM HYJICBH, Taka 4e
epexkTpT UM Ja € moHocuM. [lucmepcusta Ha
CHUJIMIIMEB MaTepuaj € Toka3aHa Ha Qur. 2, a
BBTPEIIHUTE 3aryou - Ha ¢ur. 3 [1].
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@ur. 2. Jlucnepcusi Ha MaTepual pa3ToNeH
CUIJINIIUH.
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@ur. 3. BeTpemnu 3aryou Ha MaTepua
pa3TONEH CUIINLIMMA.

Hsxoun nmpuitoxenus U3UCKBAT Pa3jIM4Ha OT
HyJla WIN MO-TOJIIMa CTOWHOCT Ha JUCIIEPCHUsTA.
TakbB € ciydadT ¢ HEIMHEHMHHUTE €PEeKTH, NpH
KOUTO € Heo0X0/luMa HeHyJsIeBa AUCIIepCHs, 3a Aa
¥MMa 3HAYUTEIIHO BB3JICHCTBUE BBPXY CHUTHAJA.
l'onemun croliHOCTM HaA  JucHepcusTa ca
HEOOXOIMMH B CIELHUATHO IPOEKTUPAHUTE C
JUCIIepCUsl BJAKHA, 3a Ja Ce KOMIICEHCHpa
JucrepcusTa Ha KOHBEHLMOHAJIHUTE
TEJIEKOMYHUKALIMOHHH ONTUYHH BJIAKHA.
Hucniepcusita TpsAOBa Aa ce KOHTPOJIHUpaA, 3a Ja
OTroBapss Ha HEOOXOIMMOTO  NPUIOKEHHUE.
He3aBucuMo OT HaumHa Ha IPOU3BOACTBO MMa
JIBa BUJA ONTUYHM BJIAKHA: €JHOMOJOBH BJIAKHA
(Single Mode Fiber) m MHOromMoJ0BH BJIaKHa
(MultiMode Fiber).

PaguycwT Ha aaporo Ha SMF e mHoro mo-
Maibk oTkosnkoro npu MMF. B SMF camo
OCHOBHAaTa MOJa MOXE Ja C€ pasInpoCTpaHsBa
npe3 sIpoTo, Jokato Oposat Ha mogute B MMF e
npubmusutenno (V2/2), kbaero V napaMeTbphbT €
[2]:

V= @ n? — ng
A 2

B (2) a e pamguychT Ha chbpleBHHATa Ha
BJIAKHOTO, A € JAbJDKMHATa Ha CBETJIMHHATa
BbJHA, N| € KOEPUIMEHTHT Ha IpEyylBaHE Ha
ChbplIEBMHAaTa, a N2 - KOEQUIMEHTHT Ha
IpeyynBaHe Ha 0OBUBKAaTa Ha BIAKHOTO.

MMF wu3nuTBaT MeXAyMOA0Ba AUCIIEPCHUS.
EanomMonoBuTe BllakHa UMAaT MO-HUCKU 3aryou u
no-uucka gucnepcus or MMF. MMF umar mno-
BHUCOKa e(eKTUBHOCT Ipu cBbp3BaHe oT SMF.
SMF ca mo-ckpeim ot MMF  1pu
MIPOU3BOJCTBOTO, HO TE€ Ca IPEANOYUTAHU 3a
KOMYHHMKAIlMM Ha JAbATU pa3cTosHusd. SMF
MOAABpKA CaMO OCHOBHATa MOJa, ITOPaand KOETO
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3aryouTe M JAuCHepcusiTa ca Mo-HUCKH. ToBa
M3MCKBA MO-MAaJKO CThIIaja 3a pereHepamus Ha
CUTHAJIa U [0-HHUCKa 00111a IIeHa.

Huzaitnbr wa PCF e pasnmuuen or
KOHBEHIIMOHAJIHUTE cwiniueBu BiakHa. PCF
Morar Jia 0bJaT u3paboTeHN OT €IUH MaTepHal C
JBYHU3MEPHU (dboToHHU KpHUCTaIIU WIH
NEPUOJIUYHN PEIIETKH OT BB3AYIIHU OTBOPH,
yCIOpeIHW Ha OCTa Ha BJIAKHOTO, 3a Ja ce
noiayyn ¢opma Ha 0oOBHMBKa M ChpueBuHa [3].
Hsaxonko Buna PCF ca nmokazanu Ha ¢ur. 4: (a)
BJIAKHO CBhC CHPIIEBHHA OT YHUCT Si M BB3AYIIHU
OTBOpH B OOBHBKaTa;, (b) BIAKHO C BB3AYIIHH
TpbOM B CBHpPIIEBUHATA, KBAETO CBETIMHATAa CE
yobpxka 3apaad  edexTa Ha JIeHTara Ha
nporyckane; (C) chbplieBUHATa € HalpaBeHa OT
YHCT CHIIMIIUEB TUOKCH]I, a TYITKUTE B OOBMBKATa
ca MTBJIHM C TEYHOCT C BHUCOK HHJIEKC Ha
npeuynBaie u  (d) Kyxu  IMIMHAPUYHU
MHOTOCIIOMHM  BJIaKHa C MacHBHa
00BHMBKa- BilakHa Ha Bragg.

H3LISII0

®ur. 4. PCF BiakHa ¢ pa3jn4eH Iu3aiiH.

Ha ¢ur. 5 u ¢ur. 6 ca nokazanu HalpeyHUTe
ceuenus Ha cnupanHu PCF BiakHa ¢ Bb31yIIHN
TpbOM B OOBMBKATA C pa3InYHA CTPYKTYypa:

@ur. 5. Pa3nmmyHO pa3nosoKeHne Ha TyIKUTE B
HanpeuyHoTto ceueHue Ha ES-PCF BrnakHo

@ur. 6. Hanpeuno ceuenune Ha ES-PCF,
AS-PCF u nBe FS-PCF BnakHa ¢ pa3inuuHu
BUJIOBE CIIMpAJId U MapaMeTpy Ha ClHMpaara.

OcnoBuute (¢aktopu B PCF, kowuto
KOHTPOJIMPAT pa3pOCTPAaHEHUETO M CBOMCTBATa
Ha CBETJIMHATa, ca IO3ULUATa U pa3Mepa Ha
OTBOPUTE B HAPEYHOTO CEUEHUE Ha BIIAKHOTO.
Te3un ¢dopmMu uMaT pa3InyHU MaTEeMaTHUYECKH
npeacraBsiuusa. llenra e ma ce pasdepe kak
OpoMsiHaTa  Ha  Pa3IMYHUTE  (PU3MUECKH
napaMeTpy Ha BIAKHOTO BIIUSIE BbPXY ONTHUYHUTE
My cBoifctBa. C aHaiu3 Ha MPEICTABEHUTE
CUCTEMATUYHU M3CJEJBAaHUA MOXE Ja ce
peanusupa AuM3aliH C JKEeJaHUTE CBOMCTBA Ha
ONTUYHOTO BJIAKHO.

@DOTOHHUTE KPUCTAIHU BJIAKHA Morar Ja
ObaarT KiIacUPUIIUPaHU CIOpPEe] MEXaHHW3Ma Ha
pa3npocTpaHEeHUe Ha CBETJIMHATA B JIB€ OCHOBHU
KaTeropuu: BJIAKHAa C BHCOK HHJEKC Ha
npedynBaHe Ha  CbhpLEBHHATa, B  KOWTO
pPa3NpOCTPAaHEHUETO Ha CBETJIMHATa CTaBa I10
Ha4MH, M0J00€H Ha KOHBEHLMOHAIHUTE BIIAKHA.
Bropusar tun PCF e HanpaBsisBamy BjakHa C
HUCBHK MHJEKC Ha MpedylBaHE Ha ChpLEBHUHATA,
U3BECTHM KaTO BJIakHA ¢ Kyxa cbpuesuHa /HC/.
Anporo nHa HC BrnakHara € HampaBeH OT
MaTepHuajg ¢ MO-HUCBHK HHAEKC OT OOBHMBKaTa M
CBEeTIMHATa ce HacouBa wuium upe3 PBG —
(oTOHHM 3a0paHEHM 30HU WM aHTHUPE30HAHCEH
ebext. HC BmakHata ca  JOIBJIHUTEIHO
noaknacupuuupann B HC-PBF, Bnakna Ha
Bragg, Bnakna Ha Kagome u HC-NCF /Hollow-
Core Negative Curvature Fiber/ - Bnakna ¢ kyxa
CbpLEBMHA C OTPULATEJIHM KPUBMHM Ha
IpaHULIUTE Ha ChpLEBUHATA, KBbAETO CBETIIMHATA
€ OrpaHMYEHa B CHPLEBUHA C MO-HUCBK MHACKC
Ha mnpeuynBaHe oT oOBuBkata. HC-NCF
BJIaKHaTa ca cb3aaaenu mnpe3 2010 r..

bposaT Ha mogute, noxabspxkanu ot PCF, ce
ompenens Mogo0HO Ha KOHBEHIMOHAIHUTE
ONTUYHM BJIakHa ¢ V napamerspa. PopmyiaTa ce
MaHHMITYJIMpa JIeKo, 3a na otroBaps Ha PCF, Twit
KaTto HsAMa j00pe aeduHupaHa CHhpPLUEBUHA HIIU
MIOCTOSIHHA CTOMHOCT Ha MHJEKCa Ha MpeuyrnBaHe
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3a oOoBuBKaTa. KoeuIMEeHTHT Ha MpeyynBaHe Ha
oOBMBKaTa € (QYHKIMS Ha JIbDKMHATA Ha
BBJIHATA, KOSATO CE€ MPOMEHS B 3aBUCUMOCT OT
B3aMMOJICHICTBUETO Ha CBETJIMHATAa C JBaTa
MaTepuaia (CbplieBMHA U BH3]1yX) HA OOBHBKATA.
I[Ipy  mo-gBJTHM  BBIHM  CBETIIMHATA  C€
pa3npocTpaHsBa BbTPE B OTBOPUTE M BOIU JI0
OpoMsiHA Ha HHJCKCAa Ha TIpedylnBaHe B
3aBUCUMOCT OT au3aiiHa. @opmynarta 3a Vpcr €
nokaszaHa no-aoiy [4].

2TA 2 )
Vper = B fnl —ng(d) 3)

KbaeTO0 A ¢ pascrosHHe MeXIy OTBOPHUTE, a
na(l) e cpemeH WHACGKC Ha TpedylBaHEe Ha
ob6BuBkata Ha PCF.

B egHOMOIOB pexuM HACOYBAHETO Ha
CBETJIMHATA 3aBHCHU OT HHJIEKCA Ha IpEYyIlBaHe
HAa CBpIEBMHATA W CPEIHUS HWHACKC Ha
oOBHMBKaTa Ha (OTOHHMSI KpHUCTaj, KOWTO €
¢yHKIMS Ha JAbDKMHATA Ha BbiIHAata. B
KOHBEHIIMOHAJTHUTE ONTUYHU BJAKHA HMa
IrpaHWYHA YECTOTA, HAJl KOSTO BIAKHOTO BEYC HE
e emnHomomoBo. OOGnactra 3a pabota B
enHoMonioB pexxuM B PCF ce pasmmpsBa, Thi
KaTo CpeAHMIT HHICKC Ha TMpedyynBaHe Ha
GbOTOHHUS KpHCTal 3aBHCH OT IbJDKMHATA Ha
BBIHATA. [Ipy 1O-KbCca NBDKMHA HA BBIIHATA
MOJIOBOTO IOJIE € TO-KOHIEHTPUPAHO B
CTBKJICHHST MaTepuall, Thi KaTo IBJDKMHATA HA
BBJIHATA C€ YBEIMYaBa, IMOJETO C€ pa3lIupsBa
MOBEYEC BBB BB3AYITHUTE OTBOpHU. ClieI0BaTEIIHO
IpU TO-KbCH TBIDKMHH Ha BBJIHATA CPETHUST
WHJICKC Ha OOBHMBKaTa € OJNIM3BK JI0 WHJICKCA Ha
MaTepuana. ToBa BoaM OO MajKka paszliuka B
WHJICKCa MEXIy ChPIICBUHATA U OOBUBKATa, TaKa
Yye CTOMHOCTTA Ha VpcF J1a € MajKa JOpH IIPH I110-
KbCH  JIBDKAHU  Ha  BbIHUTE.  [lopamm
3aBUCHUMOCTTa Ha KOePUIIMEHTAa Ha MpedylBaHE
OoT abJpkMHaTa Ha BbaHaTta, PCF moxke ma Obie
NpoeKkTUpaH Jnaa ObJe eAHOMOJOB, KOrato e
U3ITBITHCHO YCIIOBHUETO:

Vperp < T 4)

AHaIM3bT Ha ONTHYHH YCTPOWCTBA €
CIOXEH TMpoIec, KOWTO M3UCKBA OTPOMHO
KOJIMYECTBO MaTeMaTHYCCKH oriepaIum.
Bpemeto, HEOOXOAMMO 3a U3BBPUIBAHETO UM €
ToJIIMO M € HEBB3MOXKHO Ja ce pabotu 0Oe3
MOMOIITa Ha W3YUCIUTENHU pecypcu. llopaam
TOBa CE€ H3IOJ3BAaT HWHTEH3WBHO  KaKTO
AHAIUTUYHH, TaKa U YUCICHH METO/IH.

AHaIMTUYHUTE METOJAM Ce Tpuiarar 3a
pelaBaHe Ha €JIEKTPOMArHUTHU MpoOIeMHu IpU
MIPOCTU KOHCTPYKLUHU KaTo IUIOYM, BKOIAHU M
peOpeHH BBIHOBOIU. AHAIUTUYHUTE METOAU
JaBaT TOYHU DPELIEHUS, HO T€ ca OIPAaHUYEHU U
HENPWIOXKUMHU 32 peajlHd Clydad, BKJIHOYBALIU
CIIO)KHU TE€OMETPHUHM W HEXOMOTCHHH 00J]acTH.
AHanmuTHYHUTE MeTOau OfXa MO-IPUIOKUMHU
IIperd HaBIM3AaHETO Ha KommtoTpure. Te mmar
Ba)KHA POJIs B Pa3BUTUETO HA YMCICHUTE METO/IH.

Nma pa3nuuHu  aHaIMTUYHU  METOJIM,
U3I0J3BaHU 3a IIOJy4YaBaHE Ha peIIeHus 3a
IIPOCTM ONTHYHU BBJIHOBOAU. AHaIM3BT 3a
CIIO)KHU OINTUYHU BBIHOBOAHHU CTPYKTYpH C
HEXOMOT'€HHOCT B IIPOCTPaHCTBEHATa 00J1acT HE €
BBb3MOXKEH. ToraBa ce NpaBsT NPUOIMKEHUS U
HPEANOoNoKeHus 3a NpolieMu, KOUTO TpsiOBa aa
ObJIaT pELIeHU C YUCICHU METO/M.

AUpPOKCUMALlUOHHUTE  WJIM  YHUCICHHUTE
METOJY, KaKTO I0Ka3Ba UMETO, CE€ OCHOBAaBaT Ha
npubiimkaBaHe Ha PEIICHUETO upe3 IpuJaraHe
Ha YMCJICHU WIH (PU3UYHH TPEANOIOKEHUS KbM
npobiema, KOHTO IpeacTasisiBa uHTepec. ToBa
BHacs M3BECTHA JOIyCTUMA rpeLIka.
Hanpagenure npubirkeHus T'u Kiacupuuupar B
JIBA OCHOBHM Kiaca. IIppBHAT KIac ca
acCUMIITOTUYHHUTE  MeToau. Te3m  meroau
U3UCKBAaT (YHIAMEHTAIHO TNPHUOJIIKEHHE B
ypaBHeHMATa Ha Makcyesn. AlpoKcuMaIusTa BbB
¢u3MKaTa orpaHM4aBa H3MOJI3BAHETO Ha TE3H
MeToAM 3a o0mu ciaydad. Te OOMKHOBEHO ce
M3MOI3BaT 3a TOJEMHU METAJHU W MPOBOJASIIU
IpEeIMETH, KOETO € HEeAOoCTaTbK. TexHute
MPEeIMMCTBA Ca HUCKUTE M3YUCIUTEIHH PECypcu
U Bucokatra edexkrtuBHocT [5]. Bropusar kiac
YHUCJIEHU METOJU €a U3ISUIO BBJIHOBUTE METOJU.
IIpu Te3u MeToau NPUOIMKEHUETO C€ TMpPaBU
YUCIIEHO W HSMa II'bPBOHAYAIHO (PU3HUECKO
npubsnmxenue. Te3sn meroam ce kinacupuIupaT
JOMTBIHUTENTHO CIIOpE] M3IoJI3BaHaTa (opmyia,
UHTETpalHa WIM JudepeHlnanHa, Cropen
JOMelHa, B KOHTO paboTAT, MO BpeMe WU
4ecToTa, KaToO HSKOM OT METOJIUTE ‘MoraTr jaa
ObIaT TpPUJIIOKEHH B JaBeTe oOmactu. Te
BKJIFOYBAT TPU OCHOBHH CTBHIIKM 3a pelllaBaHe Ha
npobinema. IIbpBo mpobiembT TpsibBa na Obae
nepuHUpaH 4ype3 KOHTPOJIHO ypaBHEHHME, KOETO
ce Tmojy4yaBa OT YypaBHEHHMsATa Ha Makcyern.
Bropata cThIlka e AuCKpeTH3alys Ha JoMeiHa B
HEMPUIIOKPUBAIIN Cc€ TMOAJOMEHHH, 3a Ja ce
MPEICTABST IIPOU3BOJIHU HEXOMOTE€HHU

N3BECTHUA HA CBbIO3A HA YYEHUTE — BAPHA 1°2022

19



CEPUA “TEXHUYECKU HAYKW”

ISSN 1310-5833

TUEICKTPUYHA BBJIHOBOJIM, Taka Y€ BCEKHU
MOJJIOMEHH WJIM €JIMEHT J1a € XOMOI'CHEH.
Huckperusanusita BoJiu 10 HAOOp OT ypaBHEHUS,
KOUTO ca ONUCaHW B MaTpudHa (dopma.
[locnennara crbhlka H3UMCKBA pEIICHHUE Ha
MaTpuiiaTa OT HEHM3BECTHM C IIOMOINTAa Ha
epexktuBHn anroputMmu. [lo-momy ca omucaHu
HAaKpaTKO HaW-TIONYJSAPHUTE H3ISUIO0 BBIHOBU
MeToau. MeToAauTe Ha dYecToTHara o0JacT ca
MOAXOMASIIM 32 HW3CIEIBaHE Ha TECHOJICHTOBH
MPUWIOKEHUSI B CTALIMOHAPHO CHhCTOSIHUE, JI0KATO
METOJIMTE Ha BpeMeBaTa 00JIaCT ca IMOAXOISIIN
3a [IAPOKOJICHTOBH TMPEXOJHU MPHUIOKEHHUS.
Juckperu3anusata B HHTErpajiHata Gopmysa
BKIIIOUBA Ba)XHATa IMOBBPXHOCT HA TMpodiema,
KaTo 10 TO3M HAa4YuH CE€  HaMalsaBaT
U3YUCIUTENHUTE pecypcu. ToBa Boau obaye 110
JIOWIO TPEJCTAaBSIHE HA CJOXKHU CTPYKTYypU U
HEXOMOTEHHU MaTepHaJIH. HHuTterpannara
dbopmyra MOKe J1a ce M3MOJ3Ba 32 U3CIIE/IBAHE HA
npoOJjieMu ¢ pa3ceiiBaHE W OTBOPEH JOMEWH. B
mudepeHaTHuTe (GOPMYNIN JAUCKPETH3AIMATA
BKJIFOYBA TMBIHUSA 00eM. ToBa HM3MCKBa IMOBEYE
W3YUCIICHUS, HO MOX€ €(EKTUBHO J1a MIPEJACTaBU
HEXOMOTE€HHU CpeId U CJIOXKHHU CTPYKTYpH.
Hudepennmanaure ¢GopMynn MoraT jaa ObaaT
NPWIOXKEHW B TpaHuueH nmpodiseM. Hsama
YHHBEpCaJeH n300p Ha Hail-noOBp MeTo. Beekn
METOJT MMa MpeAUMCTBa U HEIOCTaThIU M 3a
BCEKHU OTJEJICH CiIy4ail ce m30upa MmoIXOsIIusl.
Bceku wmeronm obaue ce pa3nuuaBa B
npeaBapuTenHaTa o0paboTKa Ha ypaBHEHHUETO Ha
Makcyen 3a nonxy4yaBaHe Ha KpaiiHata dopMmyIa.
UYecTto cpemian acmekT MpHU H3ISIIO BBIHOBHUTE
METOAM € Ja C€ JUCKPETU3Upa CHCTEMHUS
JIOMEWH Ha moAAaoMenHu. Taka pemeHnero ctaBa
MOYTH HE3aBUCUMO OT cuctemara [6]. Twpcu ce
npeacrapsiie Ha kKommnoHeHtuTe E m H Ha
BBJIHATA, pa3lpoCTpaHsIBaIla ce Mo OCTa Z KaTo
XapMOHUYHA (DYHKITUS HA BPEMETO:

E(r.y.2) = E (x.y)esp(~jf,2) (5
H(xayaz) = HV(XJ) exp(—jﬁvz) (6)

KbJeTO E e Hampernarocrra Ha €JIEKTPUYECKOTO
nose, a H e HamperHaroctra Ha MarHUTHOTO
nojie, Vv € MHAEKC Ha CHhOTBETHAaTa Moja (TUI
BBJIHA) [2].

[Ipu 2D anamu3 3a anpokcuManus Ha
paslpenencHueTo Ha IOJETO CE€  H3MOI3BarT
TPUBI'BIHU  €JIEMEHTH U IOJIMHOMHAIIHA
anpokcuManusa. VcTuHCKaTa BBJIHOBA (YHKIIHS

ce ampoKCUMHUpa C JIMHEHHa (QYHKIUS HIU C
KBajpaTHa  (QyHKOUA. Anpokcumanuara C
IOJIMHOM OT II0-BUCOK pe€Z BOOU [0 IO-TOYHU
pe3yisiratu, o0ade yCIO0XKHSBAa aHaJIu3a U U3UCKBa
noseue namer. [llupoxko wusnosnsBanu  ca
TPUBI'BJIHU €JIEMEHTH OT I'bPBU PeXl ¢ 3 Bb3ENA -
¢wur. 7.

Bekropnata ¢opmynuposka Ha FEM ce
U3I0JI3Ba, KOraTo MOJHUTE ca XUOpUAHU U
HA/UIbKHUTE W HAIPEUYHUTE KOMIIOHEHTH Ha
II0JIETO MOTarT Jia ca CBbp3aHU. T Moxke Ja Obje
M3BE/IEHA 110 Pa3JIU4YHU HAUYWHU B 3aBUCHUMOCT OT
I10JIEBUTE KOMIIOHEHTH, KOUTO CE U3I10JI3BAT:

¢ KOMIIOHCHTH Ha HAIMIPEYHO CJICKTPUUYCCKO I10JIC;

¢ KOMIIOHCHTHU Ha HAIIPEYHO MAarHuTHO I10JIC;

¢ JIBaTa HAIIpC€4YHU MOJICBH KOMIIOHCHTA,

¢ JBaTta HaJJUIbXXHU ITIOJICBH KOMIIOHCHTA,

¢ BCHYKH IICCT ITOJICBU KOMIIOHCHTA,

¢ BCHUYKHU KOMIIOHEHTH Ha CJICKTPUYECCKOTO I10JIE;

¢ BCHYKH KOMIIOHCHTHU Ha MarHuTHOTO II0JI€C.
Ilocnennute nBa HauumHa ca MO-€()EKTUBHU OT
riieHa TOYKAa HAa W3YUCIUTEIHU PECypCH.
dopmyaupoBKaTa Ha EIEKTPUYECKOTO I0JIe
o0aue M3MCKBA IMO-HATATBIIHO MHTErpUpaHE, 3a
Jla HaJOXHU TpPaHUYHUTE YCJIOBMS, KOIaro
MaTepUualbT Ce NPOMEHU Ha TpaHMIATa MEXITY
IBaTa eneMeHra. BbB  QopMmynupoBkara Ha
MarHUTHOTO IIOJIE IIpOMsHaTa B MaTepuana Ha
IpaHULUTE HE W3KMCKBAa HaJlaraHe Ha TPaHUYHO
yCcIOBUE, ThH KaTo M JBaTa MaTrepuanga ca
HEMarHUTHU. N3nomn3BaneTo Ha IecT
KOMIIOHEHTa M3UCKBAa II0BEYE W3UUCIUTEIHU
pecypcu  3a  cbXpaHeHHe M 00OpaboTka.
[Ipouenypara Ha Rayleigh-Ritz ce usnonspa 3a
NI0Jly4aBaHE Ha MAaTPUYHOTO ypaBHeHueE. [IbpBo
(GyHKIMOHATBT Ha (Qopmyrnara Ha MarHUTHHS
II0JIEBH BEKTOP Ce JeUHUpPaA KaTO:

F= ﬂo (VX H)' ([&]7'V x H)dQ — ﬂo Aty (7)

JIOMEHHBT ce pa3ziens Ha MaJIKU €JIEMEHTH
U ce e(rHUpa MOJIETO BbB BCEKHU €JIEMEHT KaTo:
m

H= ) NH
; (8)

KBJIETO M e HOMEPBT Ha Bb3eNa B €JIeMeHTa, H; e
MarHUTHOTO IT0JI€ Ha BB3€d I, a Ni ca 0a3ucHUTE
¢bynkuun (pyHkuuuTe Ha Qopmara). YpaBHEHHE
(8) B matpuuna opma e:
H=[NI"{H), (9

kbaeto T o3HawaBa TpaHcmoHupare, [N]7 e
Matpuila Ha 6a3ucHara GyHkius a {H/}. € BeKTop
KOJIOHA Ha CTOMHOCTTa Ha MOJIETO BbB Bb33€la.
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3amectBanero Ha (9) B (7) u nmpunaraiiku
BapHAllMOHHUS TPUHIIUII /1aBa:

f f (@ x NI {5,177 % INJT(H), — o[V (HY N {(H),)d2 = 0
Q

(10)

3anuchT My B MaTpuuHa opma jaaBa:
[Al{H} — w§[BI{H}=0 (11

KbJIETO (¢’ € raBHaTa cToifoct u {H} e riaBHus
BeKTOp. [A] € KOMIUIeKCHAaTa XepMHUTOBa
MaTpulla U MOXKe J1a ObJie peaylupaHa 10 peaiHa
CUMETpUYHA B Ciy4as Ha JUEJIEKTPHIU ChC
3aryou, a [B] e peaqHa CHMMETpHYHA MaTpHIIA.
JIBeTe marpuiu ce neuHUpPAT KaTo:

[Al = [[(Vx H)*. e T {(Vx H)dQ (12
[B] = [[ H*.p HdQ (13)

Hsxon pemenuss na (11) moxe pa ca

danmuBu, HepuznyHM. Te ce moaydyanar, 3a110TO
HSIKOM MaTeMaTHYeCKH PEIIeHUs] Ha COOCTBEHUTE
CTOMHOCTH Ha YPaBHEHHETO HE YyJOBIIETBOPSBAT
ycnouero 3a gumseprenimus (V. H = 0)
aBTOMaTU4yHO. MeToapT Ha  Haka3arejgHaTa
dbyHKIMS ce Tmpwiara 3a eIUMUHUPAHE WIH
noTtuckaHe Ha ¢anmuBure pemieHus. Llenra Ha
HakazatenHaTa  (yHKUMA € Ja  HaJoXH
OrpaHUYEHUE oe3 OTKJIOHEHUE BBPXY
MPOMEHJIMBUTE Ha pELIeHUEeTOo. Pe3yntaTsT OT
U3II0NI3BaHETO Ha Haka3aTenHata (QYHKOUS e
TOMBIHUTENIEH HakazaTesleH wieH (penalty term)
a. CroiiHocTTa My KOHTpoiupa Oposs Ha
dammuBuTe pemeHus. Konkoro mo-roisima e
CTOMHOCTTa Ha 4YJ€Ha, TOJKOBa IO-MaJKO ca
danmmuBuTe perenus. PasymHaTa cToiHOCT 3a o
obaue e 1/, KBAETO € € JUENEKTpUYHATA
MPOHUIIAEMOCT Ha MaTepualia Ha ChpIIEeBHHATA.
N3non3BaHero Ha Haka3aTeaHa PYHKIIHUS BOJIU /10
npoMsiHa Ha [A] MmaTpunara, HO HE NPOMEHS
pasmepa u. Bpemero 3a oOpaboTka HapacTBa
He3HauuTenHo. M3passT e :

[TV x H)".e71.(V x H)dQ + (5) [ (V.H)' (V. H)dQ

0)2
[[ H*.p~1 . HdQ (14)
dopmynaTa BKIOYBA HAKA3aTEIHMs UJIECH
BbB BEKTOpHaTa (OpPMYJIHPOBKA, KOSATO Ce€

M3M0J13Ba 32 HAMUPAaHE HAa MOJOBUTE pEIIeHUs 32
BpaHOBOAMTE.  CienBamuar — mpobieM e
JUCKPETU3UPAHETO Ha JOMEWHAa Ha MO-MajKu
noaAoOMeNHHU. [JJuckpeTnuszanuara Ha JOMeiHa Uin
Ch3/IaBAHETO HA MpEKaTra € KPUTUYHA CThIIKA B
FEM, 3aII0TO MpeKaTa orpeens
M3YUCITUTETHUTE M3UCKBAaHUA KaToO BpeMe 3a
cbXpaHeHHMe U 00paboTka. Mpexara wurpae
BaKHA pOJII 3a TOYHOCTTa HA pe3yJiTaTHUTE.

[IponieckT  pasgens JAoMeHa Ha  MajKu
nojapasaenenus (enemenTr). Enementute TpsoBa
Jla ca CbCEAHM U 0e3 pa3CTOSHUE MEXIY TiX, 3a
JIa TOKpUAT uenus AoMeiH. Mma pasmudHu
BUJIOBE €JIEMEHTH B 3aBUCHUMOCT OT JOMEiHa,
KOKWTO TpsiOBa na ce muckperusupa. OCHOBHHUTE
Kpaitau enementu 3al,2u3Dca noka3zanu Ha ¢. 7.

— <1 []

1D mHHst 2D TPHBIBIHHK 2D NPaBoObIBIHHK

& & [

3D Tepaeabp 3D TpPHbIbIHA 3D ky0

NpH3Ma
®ur. 7. bazosu 1D, 2D, 3D kpaiinu enemeHTH

3a 1D mpobiem ce wu3MNON3BA JIMHECH
€JIEMEHT C JIB€ BB3JIOBU TOYKH, [0 €IHA BbHB
BCEKM Kpail Ha enemeHTa. B 2D eneMeHTHT e
TPUBI'BJIHUK WM TPaBOBI'BIHMK. TpubBrbiieH
€JIEMEHT OT I'bPBU PeJ UMa TPH BB3JIOBH TOYKH,
a  TpPaBOBI'BIEH  €JIEMEHT UuMa  YeTHpH.
EnementuTe OT MO-BHCOK pea HMMaT IOBEYE
BB3JIOBU TOYKH B 3aBUCUMOCT OT CTENEHTa Ha
€JIEMEHTa, CJEIOBATEIHO TE Ca IO-TOYHH.
Bwrnpeku ToBa, €1eMEHTH OT MO-BUCOK peJl BOJAAT
70 CIOXHU (OpMynH, THH KaTo CTEleHTa Ha
MHTEPIOJAlMOHHATa (YHKLUS € CBBbp3aHa ChC
CTETIEHTa HAa €JeMEHTAa. |pPUBI'BIHUIUTE MOTaT
Jla TIPEJICTaBIsABAT CIIOKHU JIOMEWHU MO-TOYHO
OT TPAaBOBI'BJIHHUIM, TBH KaTO IPOU3BOIHUTE
IpaHUIM MOTaT Jia ce€ allpOKCUMHUPAT MO-TOYHO C
TPUBI'BJIHULM — (ur. 8.

\,
\ L
N -

N

Triangle element meshing

@ur. 8. CpaBHEHNE HA MPEKU OT TPUBI'BIHULU U
MPaBOBI'BIHULIM.

Rectangle element meshing

EnemenTnT e IIpEJICTaBEH oT
WHTEpIoNaluoHHa (YHKIUSA, KOATO TpsiOBa da
npuOIMXKaBa MoJIETO B €JI€MEHTa 10 OTHOLICHHE
Ha peanHus Qusudecku npodiem. M3ucksa ce
KOMIIEHCUPAHE Ha pa3jinKaTra MeXay TOYHOCTTa
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U HAIAYHUTE/IOCTBIIHU pecypcu. [ 'pemikara
TpsiIOBa J]a € MOHOCHMAa M BpPeMETO 3a 00paboTKa
Ha KOMITIOTHpa TPsIOBa J1a € IPUEMITHBO.

Haii-uecTo nHTEpnonaalMoOHHU PYHKIHUH 3a
Npe/ICTaBsIHE Ha EJIEMEHTH ca [OJIMHOMH.
[TonruHoMbT TpsiOBa Ja ChObpPXKA BCHUUKHU
BB3MOXHH 4WieHOBE. [[OMMHOMBT € yHUKalleH U
OpUEHTAllMsTa Ha KOOpJWHATHUTE HE OKa3Ba
BIMSHUE BBPXY ¢yHkuuara Ha Qopmara. Toit
TpsiOBa Ja uMa Opoil 4JieHOBE, EKBUBAJICHTHU Ha
BB3JIOBUTE TOYKH. B TPUBI'BIHHUS €IEMEHT OT
OBPBU pel TpAOBa Jla ©Ma TPU 4YJIeHa, KOUTO Ja
00pa3yBar MbJeH MOJIUHOM.

OcBeH TOBa ce wusmoiidBa Meroma PML
(Perfectly Matched Layers) 3a momydaBane Ha
rpanunure Ha jgomerHa. PML mo3BonsBa na ce
abcopOupar HexelnaHu He(PH3WYECKH OTpa3eHHU
npueHus Ha rpanunure. [Ippy PML ce mocrass
U3KYyCTBEHA cpena c JUEIeKTPUIHA
NPOHUIIAEMOCT, ToJ00HAa Ha MaTepuansa B
OCHOBHHUS JOMEHH. VIMmenaHchT W Ha JBETE €
UJCHTHYECH, Taka 4Ye HiIMa OTPAKEHUE Ha
uHrepderica. I'panmmara Ha PML aGcopOupa
BBJIHH, ITbTYBAIld HaBBH OT OCHOBHHS JIOMEHH
MOJl BCAKAKBB BI'BJ M 4YeCTOTa. |'olieMuHaTa Ha
BBJIHATA HaMaJsiBa CKCIIOHCHIIMATHO BBTPE B
PML u HAMa 00paTHO M3IIbYBAaHE KbM JIOMEHHA.

MeronsT Ha MomeHTuTE ( MOM ),
U3BECTEH KAaTO METOJl Ha TPaHUYHHS EJEeMEHT,
UMa TIPEIUMCTBO TIPH MPOOJIEMH, BKIIFOUBAIIU
orBopeHH peruonu. [lpumara ce Haii-Beue B

yecToTHata oOnact. ToBa € HaW-IIMPOKO
W3MOJ3BAaHUAT METOJ B AHTCHHUS aHaJIM3.
Maremaruueckara (dbopMynpoBKa Ha

€JIGKTPOMarHUTHUTE TI0JieTa Cce€ TpaBu 4pe3
JMICKPETH3UpaHe Ha HMHTETPATHOTO ypaBHEHHE.
MoM e u3uucauTenHo e(pEeKTUBEH, HO M3UCKBA
MO-CJIO’KHA MaTeMaTHKa OT JAPYrH MeToau. ToBa
€ TMpeANoYMTaHMUAT METOJ 3a pas3celiBaHe Ha
YecTOTHaTa 00J1acT U MPOOJIEMHU C U3IBUYBAHETO.
MertonsT Ha kpaitHute pasnuku (FDM) e
HA-IMMPOKO  WB3IMOJI3BAHUAT  METOA  TIpH
€JIGKTPOMArHUTHU MPOOJIEMU MOpaau TOBa, 4e €
ACEH W JIeCeH 3a mnpwiarade. [[oMeWHBT €
paszielieH Ha Mpeka U PelIeHHeTO ce HamMpa 3a
BCAKa TOYKa OT Mpexara. Tol mnpuiara
nudepeHIMaIHUTe ypaBHEHUsT Ha Makcyen, 3a
Jla U3BeJIe BHIIHOBOTO YPaBHEHHE H J]a C& HAMepH
pemienne 3a  Moxute.  JludepeHUHATHUAT
orepaTop Ce€ 3aMeHsl C ONepaTopu 3a pasiihKa

ype3 W3MOJN3BaHE Ha (opMmyna 3a IeHTpaTHa
pasiuka.

Hpyr momobeH MeTox ChC — Chllara
KOHLICTILIMS € METOJ Ha KpallHara pas3jiiKa BbB
BpeMeBarta obnact (FDTD) [8]. U3non3Ba ce npu
aHayiM3a Ha MpoOJeMH BBB BpemeBaTa 00JacT
ype3 AUPEKTHO JUCKPETU3UPAHE HA YPABHECHUSATA
Ha Makcyen. Jlara Meroga ca  MHOTO
e(eKTUBHH, ThI KaTO M3UCKBAT MAJIKO OTEepaIluU
BbPXY BCfKa TOouka OT Mpexara [7].
HenocrateksT Ha FDM e, ue Mmpexkara TpssOBa na
Oblle elHaKBa, 3a J]a MOXE METOABT Aa paboTu
noope.

FEM, FDM 1 MoM ca OCHOBHHUTE YHCJICHU
METOJIH, M3MOJI3BAHU B  €JIEKTPOMArHUTHUSA
aHaiMu3. 3a aHaju3 Ha MOJAEPHU ONTUYHM BIIAKHA
U BBJIHOBOJM CbC CJIOXKHA CTPYKTypa Ha
ChplIeBMHATA M OOBMBKaTa c€ M30upa €IuH OT
Te3u MeToau. llpu Mpou3BOJHUTE TpaHUIM Ha
PCF crpykrypure, FEM ce npeanouunTta, 3a1oto
IpaBH MO-A00p0 MPUONIMIKEHHE HA TPAHULIUTE
UM.
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METO/ HA CTOSAHOB 3A OIIPEJAEJAHE U HAMUPAHE HA PEAJIHUTE KOPEHU HA
KBAJIPATHO YPABHEHHE

Crosia CTosIHOB

STOYANOV'S METHOD FOR DETERMINING AND FINDING THE REAL ROOTS OF
QUADRATIC EQUATION

Stoyan Stoyanov

Pesrome: ,,TeopeMure ¢ 10CTaTb4YHU yCIOBUSA AaBAME HA XOpaTa 10 CBETA.

YpaBHeHHATa OT BTOPA A0 N-Ta CTEIEH Jla pelaBaT ¢ JIeKoTa.
Mertona Ha CTOSIHOB 00eIMHSIBa HAUMHHTE 3a ONpE/ICIIsIHE ¥ HAMUPAHE Ha PallMOHAJIHU U UPAllMOHAIHN KOpeHH, popMynaTta Ha
Buer 3a upanMoHaHO CIIperHaTHTE KOPEHU U METOJa 3a pa3jaraHe Ha MHOXKUTEIH Ha KBaJIpaTHO ypaBHeHMe. Pa3zpaboTkata e
HAY4YHO OTKPHTHE Ha OCHOBAaHHE HA CBETOBHO M3BECTHHUTE (JOPMYIIH 3a BPB3Ka MEXIy KOPEHN U KOS(HIHUCHTH HA yPABHECHHE
Ha (hpeHckusa MatemaTtuk ®pancoa Buer, onpeneneHnero 3a onpeaeNnsHe U TeopeMara 3a HaMHIpaHe Ha peaHnTe KopeHu. Tosa
HAayYHO OTKpHUTHE € HHOBAIMA B 00iacTTa Ha anrebpara, KOETO IIE IOBEAE A0 HOB CKOK B Pa3BUTHETO HAa MaTeMaTHKaTa U
JpYTUTE HAyKH CBBbP3aHU C HEsl, TOBA KOETO MaTeMaTUIUTE Ipe3 18 Bek He ca yclenu Aa HanpassT. [4]
Karouosu nymu: @pancoa Puer, MoaenrpaHe ¢ KBaApaTHU yPaBHEHUS

Abstract: Abstract. “We give the theorems with sufficient conditions to people around the world. They shall solve quadratic to
n-th degree equations with ease.”Stoyanov's method combines the ways of determining and finding rational and irrational roots,
Viete's formula for irrationally conjugated roots, and the method of expansion of multipliers of a quadratic equation.

The work is a scientific discovery based on the world-famous formulas for the relationship between roots and coefficients of an
equation of the French mathematician Francois Viete, the definition of determination and the theorem for finding real roots.
This scientific discovery is an innovation in the field of algebra, which will lead to a new leap in the development of
mathematics and other sciences related to it, what the mathematicians in the 18th century failed to do. [4]

Key words: Francois Viete, Quadratic Equation Modeling

YBoa

B noBust meton Ha CTOSIHOB, paBeHCTBATa 3a

Bpb3KaTa MEXy KOPEHUTE U KOCPUIIMEHTUTE HA
YPaBHEHHUETO, CE€ pasIVIeKIaT KaTo ajJreOpu4Hu
u3pasu, a BBB Qopmynaure Ha Buer te3m
paBeHCTBA Ce pasriiekXJaT KaTo apUTMeTHYHH
U3pasu.
Ta3n ocHOBHa pasnuka, 3a ABaTa W3pas3a, AaBa
BB3MOKHOCT Jla C€ ChCTaBM HOB MeTOd, IO
elIMH M ChbIIM HAYUH ]1a CE PeliaBaT BCUYKH
ypaBHeHus. ToBa HE ca OTKPWJIM MaTeMaTULIUTE
npe3 18 B. ¥ 10 HALIM THH.

B noBust Meron Ha CtosiHOB, dopmysaTa Ha
Buer 3a HamupaHe Ha  HMpalMOHAIHO,
KOMIUIEKCHO M HMaruHepHO  CIIperHaTUTe
KOpEHH, € M3BelleHa 4pe3 ¢opmynara cOop Mo
paznuka. Ilo To3u HaumH Ta3m ¢opmyna ce
npujiara 3a BCUYKM YpaBHEHUS (n=2), KOUTO
uMaT e/lHa JBOMKa CIperHaTh KOpPEHH, KOETO €
HHOBaIUA B 00/1acTTa Ha ajaredpara.

B wHoBus wMeTon, 3a na ObAAaT BCHYKH
KOPEHUTE€ Ha YypPAaBHEHUETO MHOXHUTEIN Ha
CBOOOAHMAT KOe(ULUEHT, TpsiOBa ypaBHEHUETO
Ja ce pa3fend c KoeduuueHTa TIpex BTopa

CTETIeH Ha MPOMEHJIMBATA, KOTAaTO € Pa3JIn4YeH OT
e/IMHUIIA.

HoBuar wmeron Ha  CrosiHOB, 3a
oTpeJieNIiHe KOPEHUTE Ha KBaJIpaTHO ypaBHEHHE
OT ompezaereHHe 6, € HAYYHO OTKPUTHE H
HHOBallSl HA CBETOBHO HMBO B 00JacTTa Ha
aaredopara. OrnpeAe/issHETO Ha pPAIMOHAIHUA U
UPAIMOHAIIHU KOPEHU Ha KBaJpaTHO ypaBHEHHE
ce HaMupa OT pa3JlaraHeTO Ha CBOOOTHUS
KOE(QUIIMEHT Ha JBa MHOXHTENS, 3a KOUTO €
BSPHO U paBeHCTBO 1) X1 + X2 = — Z—: oT
¢dbopmynute Ha Buer.

Hay4yHno oTkpuTHe M HMHOBamusl ca JBeTe
cucremu ot Teopema 1. Ha CTOSIHOB, Upe3 KOUTO
ce HamMHpaT KOpPEHMTE€ Ha  KBaJIpaTHOTO
ypaBHEHHE U KOPEHHUTE 3a YypaBHeHHE (n=2),
KOETO MOXe€ J]a UMa UMaruHepeH MHOXHTEN.

B HoBua wmeronq Ha CrosHOB, npH
MOJEJMPAHETO € KBAJAPATHH YPAaBHEHUHA, B
IBpPBUSA ~ €Talm  ce BBBEXKAA  IOAXOMSAIIO

Hens3BecTHO U DM 3a kopeHuTe Ha KBaJpaTHOTO
ypaBHeHue. BBB BTOpHMsS eranm ce Hamupar
KOpEHUTEe, KOUTO Ca pelIeHUEe Ha 3ajadara OT
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yCIOBUATA 3a BpPb3KAa MEXKAY KOPEHUTE Ha
YpaBHEHUETO.

[IpencraBsHeT0o Ha HOBUS METOJH Ha
CTosilHOB 3a OIpelensHe M HaMupaHE Ha
pEaTHUTE KOPEHH HA YPABHEHHUETO CE M3BBPLIBA
10 CIICIHUS HAYMH.

HoTanus

3a J0oKa3BaHE Ha Teopemara € BbBElICHa

clieqHaTa HOTallMs:
a — peaJIHO YHUCJIO;
P — UMaruHEpeH MHOXHUTEJI Ha HPALMOHAIHO
CIIpETHATH 4YHWCJa, PEaJTHO YHCIIO, KOETO HE €
KOpPEHH Ha YPaBHEHHUETO;
n — peajHa 4acT Ha MPAMOHATHO YMCIO Ha
MMaruHEPHUS MHOKHTEI,
m — HMpalMOHAJIHA YacT Ha MPALMOHAIIHO YKCIIO
Ha UMaruHEpHUSI MHOXKUTET;
Z—: — Koe(UIMEHT Tped IbpBa CTENCH Ha
glpOMeHJII/IBaTa Ha YPaBHEHUETO;

2

a— — CBO6OI[€H KOG(bI/II_II/IeHT Ha YPaBHCHUCTO,
0

r — cOop or aOCONIOTHUTE CTOHHOCTH Ha
OTPUIATCIIHA  PAIMOHATTHU W  HMPAIMOHATTHU
qycia, palMOHAIHU M HPAIMOHAIHH YacTH Ha
UPAMOHAHUTE YHWCJA, ONPEACIICHU 3a KOPEHU
Ha YPaBHCHHUETO OT MHOKUTEIUTE Ha CBOOOTHUS
KOC(HIINEHT;
—r — cOOp Ha OTpULATENTHU PAUUOHATHU U
UpalMOHAIHU qHcla, parroHaIHH u
UPAIMOHAIHA YaCTH Ha HMPAIMOHATHUTE YHCIIA,
OmpesieieHH 3a KOPEHH Ha YpPaBHEHHUETO OT
MHOXHUTEJINTE Ha CBOOOTHUS KOS(UITUEHT;
S — cOOp Ha TIONOXUTEIHH pAIMOHATHH H
UPAMOHAIHA YHWCJIA, PEATHW W HPAMUOHATHU
YacTH Ha UPALMOHAIHUTE YUCIA, ONPEAETeHH 3a
KOPCHH Ha YPaBHCHHETO OT MHOXXUTEIIUTE Ha
CBOOOTHUS KOE(DUIUEHT;
t — cOop or abCOoNOTHUTE CTOWHOCTH Ha
palioHa HM  4YHclia, pealHd  4YacTH  Ha
UPANMOHATHATE YHWCIIA, ONPEICICHH 3a KOPCHU
HA YPaBHEHHETO OT MHOXKUTEIHUTE Ha CBOOOIHUS
KOE(UIUEHT;
v — cbop oOT abCONIOTHUTE CTOMHOCTH Ha
UPAMOHAIHATE YacTH Ha  HMPAIMOHATHUTE
qrclia, ONPEeIeHH 3a KOPEHH Ha YpaBHEHUETO
OT MHOXKUTETTUTE Ha CBOOOIHUS KOe(DUITHEHT. [5]

OmnpenesieHus

3a JoKka3BaHe Ha HOBaTa TEOPHUSA Ce
U3MOJ3BAT IIECT OmpeaencHus, (QopMyan Ha
Buer 3a BpB3Kata MeXIy KOPEHH U
KoeUIIMEHTH Ha YypaBHEHHETO, (opMmyna Ha

Buer 3a kopeHHTe Ha KBaJpaTHO ypaBHEHHE,
u3BesieHa OT (hopMyIaTa cOOp MO pasivKa U exHa
TeOpeMa 3a HaMMpaHe€ Ha KOpEHHTe Ha
ypaBHEHHE.

Bceuukure KOpeHM Ha ypaBHEHHETO ca
MHOXXUTEIH Ha CBOOOTHMS KOS(HIMEHT, KOTraTo
pas3zenuM ypaBHEHMETO € Koe(UIUEeHTa IIpen
BTOpA CTEIECH Ha IPOMEHJINBATA.

Onpenenenne 1. Ilon  anreGpuyno
pelIeHne Ha ypaBHEHUE OT BTOPA CTENEH
(1) f(x) = x> + Zx + Z = 0 ce pas6upa

ap ap
OMPENICTTHETO Ha KOPEHUTE MYy MOCPEACTBOM
KpaeH Opoi pallMOHAIHU ACHCTBUS U W3BIMYAHE
Ha KOPEHHUTE OT KOS(DUIIMEHTUTE HA YPABHCHUETO
HaJ TIOJIETO Ha pealHuTe 4YHCIa, KbJETO
NPUHAJIC)KAT W CTOMHOCTUTE Ha KOPEHUTE,

KbJIETO ag * 0, — ¢ KoeuIMeHT mpex mbpBa
0

d
CTCIICH Ha IIpOMCHJIMBATA, a_z
0

e cBoOOIEeH

koeduieHt. [5]

C BTOpO ompezeneHue ce IMOKa3Ba Kora
MOXE Jla C€ OIpeleiad Bb3MOXKHHUS Opoil
OTpUIATENIHM pAIMOHATHU W  HMPAIUOHATHU
KOPEHH.

Omnpenesnenne 2. OT 3HaKa Ha pPeaTHOTO
YHCJIO WM CTOMHOCTTAa Ha YMCJIOBMSI M3pa3 Ha
CBOOOMHMAT  KOCPHUIIMEHT, Cc€  OImpees
BB3MOXXHUSI OpOM Ha OTPULIATEITHUTE PEATHHU
KOpeHH. [5]

C Tpeto ompeneneHue ce MOKa3Ba Kak ce
ompezens BB3MOXHHUA Opod  OTpHUIIATETHU
pealHi KOpPEHH.

Omnpeneaenne 3. Ilpum 3HaK mIOC, Ha
CBOOOJHUAT KOe(UILIMEHT Ha YpaBHEHHUE OT BTOpa
CTETeH, BB3MOXKHHAT Opoil Ha OTpPHUIATEIHUTE
peaJlHu KOpeHM ca Hyjia unu jaBa. [Ipu 3Hak
MUHYC, Ha CBOOOJHUA  KOEPHUIMEHT Ha
ypaBHEHUE OT BTOpA CTETEH, BB3MOXKHHAT Opoi
Ha OTPULIATEIIHUTE PEATHU KOPEHU € eAUH. [5]

C 4eTBBPTO OIpelelIeHHEe ce IOKa3Ba
HAayMHa 3a  ONpedeNisHe  KOPEHUTEe  Ha
YpaBHEHHUETO, KOraTo CBOOOAHUAT KOSPHUITUEHT €
pPaBEH Ha HyJa.

Onpenenenne 4. YpaBHeHNe OT BUIA X° +
:—:X = 0, xpaeTo ag # 0, uma enuH kopeH x;= 0.

a
Ot 3Haka Ha Koe(uUIMEeHTa a—l olpeaensamMe
0

BB3MOKHUSI OpOi OTpULIATETTHH PEATHU KOPEHHU.
VYpaBHEHHETO UMa €IUH OTPULATENICH peaJleH

d
KOpEH, KOrato  KOe(QHUIHMEHTHT a—’ =0.
0

24
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YpaBHeHHETO KMMa Hylla OTPHULIATEIHH pPEaTHU
d

KOPEHH, KOrato KOe(hUIUEHTHT a—’ <0. Bropusr
0

a
KOPEH Ha YPaBHEHHMETO C€ HAMUPA OT Xz= ——,

dp
[5]

C mero ompeneneHwe ce  BBBEXKIA
MIPEACTABSIHE HAa UPALMOHAIHO CIPETHATH YUCIA.
HpanmonanHo, KOMIUIEKCHO Y HMMaruHEpHO
COperHaTH 4YHciia ce€ HaMupar oT QopmyiaTa
coop mno paznuka. Te ce pasnuuaBaT camo IO
3HaKa MEXIY JIBETE cbOupaemMu B
MPOU3BEJICHUETO HA CHOTBETHUTE YHUCIA U CE
03HayaBaT ¢ UMArMHEPEH MHOXUTE ,,p*, KOETO €
001110 MOHSTHE 32 TSX.

Omnpenenenune 5. IlpousBeneHue Ha JBe
MpallMOHAIHO CIOpPEeTHAaTH dYHClIa C€ Hapuda
UpalMOHAJIEH MHOXHUTEJI M C€ O3HayaBa C
MMaruHepeH MHOXUTeN ,,p“. Toil ce mpencrass
o JIBa Ha4YMHa ¢ popMmyinaTa cOOp Mo pa3iukKa:

() x.% = p = (n+m)(n—m) npu
€HAaKBM 3HAllM Ha palUOHAIHUTE 4YacTU Ha
MMaruHEepHUsT MHOXHUTEI U X; =n+ m, X; =
n— m uim

(3) x1.% = p = (m+n)(m—n) npn
€IHAaKBM 3HAIlM HAa UWPAIMOHAIHUTE YacTU Ha
MMaruHepHus MHOHUTE u
Xy = m+ n, X, = m— N, KpICTO X;,X; ca
KOPEHU Ha YpPaBHEHHUETO; ,,p* € HMaruHepeH
MHOXHTEN, KOUTO € peajsHO YWCIO WIH peajeH
u3pa3; n € peajiHa 4yacT Ha UPAIMOHATHO YHCIIO
Ha MMardHEpHUS MHOXXHUTEN; M € UpalloHalIHa
YacT Ha MPAlMOHATHO YHUCJIO HAa WMardHEpHUs
MHOUTE.

®opmyan Ha Buer (1540-1603) 3a Bpb3ka

MeXK1y KOpPeHHMTe W Koe(puUMEeHTHTe Ha
YPaBHEHHUeE OT CTeNeH BTopa
1

a d
3a ypasHenueto (1) x> + Xt a—z = 0, KpzeTO
0 0

ap = 0, B cula ca paBeHCTBaTa 3a BpPbH3KaTa
YPaBHEHHETO:
al.

Dxi+xo=——
dp

ag
2) X1X2 =—,
dp

KbJIeTO paBeHcTBata 1) m 2) ca HEOOXOAMMH U
JIOCTaThYHU YCJIOBHS 332 HAMUPAaHE KOPEHUTE Ha
ChOTBETHOTO ypaBHeHue [ 1, 2 |. B HoBust MmeTox
Ha CTOSIHOB paBeHCTBAa 3a BPb3KaTa MEKILYy
KOpeHHUTe U Koe(UIIMeHTUTEe HA YPaBHEHUETO
ce pa3riiekaaT KaTo anreOpuyHu u3pasu. [5]
®opmysa Ha Buer 3a kopeHute Ha
KBAQ/IPaTHO  YPaBHEHHWe, M3BeJAeHA  4Ype3

¢popmysiaTa coop nmo pasauka. 3a ypaBHEHUE OT
cTemeH BTopa ax’ + bx + ¢ =0, a#0 B cuna ca
KOPEHUTE:

(4) %45 = >a

HokazarenctBo: Ille mokaxkeMm, 4e JBETE
NPEJICTaBAHUSA HAa HMAardHEPHUS MHOXKHTET €
dopmynna Ha Buer 3a wpanuoHATHO CHpETHATH
KOpEHH. 32 IBPBOTO MPEICTABIHE UMaAME X.X53 =
p = (n+m)(n—m). e uzpazum m upe3 n u ,,p*
OT TOCJIETHOTO PaBEHCTBO, KATO IMIBPBO Pa3KpUEM
ckobure. Cnenqa n?—m?=p. Torasa

—b+bE —dac

m? =n?-p. Tlonydaa ce m = +,/n2-p u ce
nonydaBa Qopmynara (5) x;, =n+
dbopmyna (5) me ce mpecMmsATaT KOpPEHUTE Ha

YPaBHEHHETO.
Peannata wact n Ha UMaruHepHUS
MHOXKUTEJI C€ IpecMATra OT paBeHCTBO 1)
a
X1 T X2 =n+mtn—m = —a—l oT ¢opMynuTe Ha
(]
a3
Buer. [lonyudaBa ce n = BETR Karo 3amectum n
0
- _ 4 — 2
= g, BPB dopmyna (5) x,, =n+./n?-p ce
oJTyJaBa dbopmynara (6)

31

ay
I = (——2 )2-p . Korato ce 3amectu
Ap .30

a:
p= a_z, ap = a,a; = b, a;, = ¢, B (6) ce mory4ana
—b+bZ—dac

dopmynara Ha Buer (4) x;, = -

3a BTOPOTO MpENCTaBsIHE UMaMe X;.X; = P
= (m+ n)(m—n). e u3pazum n upe3 m u ,,p*
OT MOCJETHOTO PaBEeHCTBO, KATO MbPBO Pa3KpueM
ckobure. Crmemea m?—n? =p. Torara
n? = m?-p. Tonydyaa ce n =+ m2-p u ce
nosy4aBa Gopmynara (7) x;, =m+ ,/m?-p. C
dbopmyna (7) me ce mpecMATaT KOPEHHUTE Ha
YPaBHEHHETO.

Wpanmonannara 9acT m Ha MMarnHEPHHUS
MHOXMHTEJ Ce MpecMsTa OT PaBEHCTBO 1) OT
¢opmynure Ha Buer 1) x1 +xo=m+n +m—n =

ay _ a3
——. [TonydaBa ce m = BETR Karo 3amectrim m
(4] 0
ay
= —5, BbB Qopmyna (7) x;, =m =+ m?-p ce
(]
roJTy4aBa dhopmyna (8)

a

1 ay
X12 =" 7. + J(—E)Z—p. Korato ce 3amectu

dz

P= — ag

- = a, a; — B, a; = ¢ B (8) ce mosy4ana
0

[5]

—b+b%—dac

dopmynara Ha Buer (4) X1, = -
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C ToBa A0Ka3axme, Y€ HpalHOHAJTHO

CIIpErHATHUTE YHCIAa Cce MpecMATAT 4pe3
(¢opmyiara Ha Buer.
W3Bogute 3a u4uciara, MOIYYEHH OT

UMaruHepHUs: MHOXUTEN (n + m)(n — m), ca:
1. B merona na CrosinoB, popMmyJiaTa Ha
BueT ce mpuiara 3a HaMUpaHe Ha €HA JBOWKA

UPALMOHAIIHO, KOMIUIEKCHO ¥  HMMAaruHEpHO
CIOperHaTd 4Yuclia 32 BCHYKM YpPaBHEHHUS
(n= 2).

2. Peannata 4acT Ha  MMAaruHEpHHUs

MHOKHTEJ Ca peajHa W HUpalHdoOHAIHA 4YacT Ha
MPALMOHAIHO CIIPErHaTo YUCIIO.

3. Ako n’>>pun? — p e TO4eH KBAJIPaT, TO
yycliaTa ca paloHaidHU. Te He ca peleHue 3a
UPALMOHAIIHO CIIPErHaTH YHCIA.

4. Ako n> —p >0 u n’> — p HE € TOYEH
KBaJgpaT, TO UHWCIaTa ca  UPALHUOHAIHO
cuperHati. Te ca penieHwe 3a HpPaLXOHAIHO
CIpEerHaTH Yucia.

5. Ako n® - p = 0, To uKcna ca ABONHU
palioHanHM 4ucina. Te He ca pelieHue 3a
MPAIMOHAIHO CIIPETHATH YHCIIA.

6. Ako n> — p < 0 u n’> — p He € TOYEH
KBaJpaT, TO YKCIaTa ca UMaruHEPHO CIPETHATH.
Te He ca pelieHHe 3a UPAIMOHAIHO CIPETHATH
yHcla.

7. Ako n> — p < 0 u n*> — p e ToueH
KBaJ[paT, TO YKCIaTa ca KOMIUIEKCHO CIIPETHATH.
Te He ca pemieHHe 3a MpallMOHAIHO CHPErHATH
YHcla.

8. Akon + m >0 un-m >0 ca
UPAITIOHAITHO CTIpeTHATH qrca, TO
IPOM3BEACHUETO € MOJIOKUTEITHO YHUCIIO.

99Ako n + m >0 un-—-—m<O0 ca
UPALMOHAIHO CIperHaTu qHcIa, TO
IIPOU3BEIEHUETO € OTPULATEITHO YHUCIIO.

10. Akon+ m<0wun-m<O0Oca
UPAITIOHAITHO CIIpErHaTUTe qrcoa, TO
IPOM3BEACHUETO € MOJIOKUTETHO YHUCIIO.

W3Bogute 3a wuyuciara, TMONY4eHH OT
UMaruHepHus: MHOKUTEN (m+ n)(m— n), ca:

11. Akom?-p>0um? — p e TodyeH
KBajgpaT, TO UHWcClaTa ca  HUPALHUOHAIHO
cnperHati. Te ca pelieHne Ha UPALMOHATHUTE
YHcla.

12.  Axom?—p>0um?— p He e To4eH
KBajgpaT, TO uUHWclaTa ca  UPALHUOHAIHO
cuperHatiu. Te ca pelieHHe 3a HUPALMOHAIHO
CTIpErHaTUTE YHCIA.

13. Axo m? - p = 0, To umcmara ca

JBOWHU HpauuMoHaaHU. Te He ca pellieHue 3a
MpalMOHAIHO CIPErHaTUTe Yuca.
14. Axom?—p<0wun®— pHe e ToueH

KBaJIpaT, TO YMCJIaTa ca UMArMHEPHO CIIPErHaTH.
Te He ca pelieHue 3a MPALMOHAIHO CIPErHATH
qucia.

15. Axon’> —p <0 un®— p e ToueH

KBaJIpaT, TO YMCJIaTa ca KOMIUIEKCHO CIIPErHATH.
Te He ca pemieHHe 3a MpAIMOHATHO CIPETHATH
qHpcna.

16, Akon+ m>0wumm—-n>0ca
HPAIMOHAITHO CHperHaTu 4yucia, TO
MIPOU3BEICHUETO € IMOJ0KUTETHO YUCIIO.

17 Akon+ m >0 umm — n< 0 ca
HpaIMOHAITHO CIIperHaTu Yucia, TO
IIPOU3BEICHUETO € OTPHUIIATEITHO YHCIIO.

18. Akxon+m<O0Owmm-n<~0ca
UPAINMOHATHO CIperHaTh Yyucia, TO
MIPOU3BEICHUETO € IMOJ0KUTETHO YUCIIO.

B mecTo ompenencHue € 3amucaH METOIBT
Ha CTOSHOB 3a omnpenensHe KOPeHUTE Ha
KBaJIpaTHO ypaBHCHHUE oT CBOOOIHUS
KOS(HIIMCHT.

Omnpenenenne 6. AGcooTHaTa CTOMHOCT
Ha PEAJTHOTO YHCJIO OT CBOOOJTHHUS KOCPHUIIUEHT
ce paziara Karo MPOU3BEIEHHE OT TMPOCTH
MHOKUTEIM WJIM TPEACTaBIHE Ha u3pa3za OT
CcBOOOHMS KOE(PUIIMEHT KaTo MPOU3BEACHHE OT

MHOXxuTenu. [lpencraBsHero Ha CBOOOIHUS
KOoeUIIMEHT KaTo TPOU3BEIECHUE OT JBa
MHOJKHUTEISI MOKE [1a CTaHE:

— 4ype3 KOMOWHHpaHE Ha MPOCTUTE

MHOXKHTEJIM Ha PEATHOTO YHCIIO;

— ype3 KOMOMHHpaHE HA MHOXHTEIUTE Ha
n3pasa;

— KOraTo eIWHHUAT OT MHOXHUTEIUTE €
eIMHHUIIA;

— C MpeACTaBsSHE HAa PEATHOTO YHUCIO a =
Va. Va;

— KOrato OT BCHUYKWTE MPOU3BEICHUS Ha
JBaTa MHOXKHTEIS HE MOXE Ja Ce OIpeIeisT
KOPEHHTE, TOTaBa PeaTHOTO YHUCIIO € UMarnHepeH
MHOKHTEN ,,p*“.

CrperHatusi WMaruHepeH MHOXHUTEN Cce
Hamupar upe3 paseHcTBara (5) wm (7) oOT
¢dopmyna Ha Buer 3a KOpeHHWTE Ha KBaJpaTHO
ypaBHEHUE, U3BelIeHa 4pe3 dopmynara cOop 1o
pasnuka.

JlBata ~ MHOXHTEIS  OT  CBOOOIHHS
KOe(UIIMEeHT ce OmpeleNnarT 3a KOPeHH Ha

26
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YpaBHEHHETO, KOTAaTO aNreOpHYHUAT UM cOop e
paBeH Ha MPOTHBOMOJIOKHUS KOCPUIUEHT Ipe[
I'bpPBa CTENEH HA IPOMEHJIUBATA. [5]

Bcuukute eramm W MHOXECTBa  3a
OmpeneNiiHe KOPEHUTE Ha YpaBHEHHETO OT
Merona Ha CTOSIHOB 3a ONpe/eNsIHe Ha pPeaTHUTe
KOPEHU Ha yPaBHEHUETO Ca.

Pa3marame peamHOTO 4YHCIO Ha TPOCTH
MHOXHTETH. Hamupame BCHUKH JETUTENH 4Ype3
IPOCTUTE MHOXHTENM, 0€3 €MH OT IeIUTEIUTEe

tdz tdz
Ha KOe(UIMEeHTa = (l.a—). Te3u penurenu ce
i} i}

MMpEaAcCTaBAT KaTo IIPONU3BCACHUC oT JABa
MHOXHUTEIIA.. AKO 32 TIX € U3I'BIHCHO PaBCHCTBO

a.
) xi + x2 = - a—l, TOraBa JBaTa MHOMXHTEIIS
1]

KOpPCHHU Ha
MOCJICAHUAT

omnpezaensiMe  3a
IIpencraBsame

az dz
KOG(bI/II_II/ICHTa a_ KaTO IIPOU3BCIACHHC Ha 1. a_ u
0 0

AHAJIOTUYHO IIPOBEpABAMC A € HUIIBIHCHO

YPaBHCHHUCTO.
JACIINTECI Ha

d
paBeHCTBOTO 1) X1 + X2 = — a—’ MHuoxuTenure Ha
0
u3paza OT CBOOOAHHMS  KOehUIUMEHT  ce
MPEJICTaBsAT Karo TMpOU3BEACHHE OT JBa

MHOKHUTEIIS. 3a TAX aHaJOTHMYHO IMpOBEpABaAME
JlaJld € U3I'BJIHEHO PaBEHCTBOTO 1) X1 + X2 = —
a

a—l. [IpencraBsme cBOOOTHMS KOS(HUIIMEHT KaTO

0
npom3BeNeHNe a = +a.va. Amamormuso

MpoBEpsIBaMe JaJld € U3II'BIHEHO PaBEHCTBOTO 1)
31

X1 + x2 = — —. C Te3u pemeHuss HaMmHupame
dg

BCUYKM BHJIOBE uHWciaa 0e3 UpaIroHaIHO

CIperHaTH KOPEHH, KOHUTO uMaT

IMPOTHUBOIIOJIOKHNU PpPCAJIHU WM HpalHOHAIHA
yactu. VpalMoOHAIHO CIperHaTuTe 4Yuciaa ce
Hamupar upe3 popmynara Ha Buer. [5]

Metonx Ha CTOSIHOB 32 HaMHpaHe Ha
pealHuTe KOPpeHH HA KBA/JIPATHO ypaBHeHHe

C Teopema 1. e pgokazaH MeToJa Ha
CTosiHOB 32 HaMUpaHEe Ha PEATHUTE KOPEHH Ha
ypaBHEHHE OT CTEIEH BTOPA, C €Ha MPOMEHIINBA
9pe3 ABC CUCTCMHU C IBC JIMHEWHA YpaBHCHHA 3a
Bpb3Ka MEXIY KOPEHH U Koe(UIMEeHTa Mpes
'bpBa CTETEH Ha TIPOMEHIINBATA.

Teopema 1. wna CrosnoB. Heka
KOC(QHIIMEHTHT TpeJl BTOpa CTEIEH € paBeH Ha
€/IHO U OT 3HaKa Ha CBOOOJAHMAT KOE(HUIIMEHT ca
OlpesieNieHd BB3MOXKHUAT Opol OTpHUIaTeTHU
peaJHu  KOpeHH. AKO MHOXHUTEIUTE Ha
CBOOOTHMS KOe(HUIIMEHT ca ONpeAeiieHH 3a
KOpPEHH Ha  ypaBHEHHMETO, TOraBa  4pe3
CHOTBETHATA CUCTEMA

31

T—8= — ay
A) % , ako — =0, wm
r+s=t+v o
§—7 2
P a
b) ag ,aK03—1<0,
s+r=t+v o

CC onpcAcyAT €AHO3HAYHO 3HALIUTC U KOPCHUTC

Ha YpaBHCHHETO Ha/ IMOJIETO Ha PCAaIHUTC 4YHUCJIa.

a a
Koeduuuenrure a—l, a—z Morar jaa ObJIar 3a1aj1eHu
0 0

C mapaMmeTpH.
Jloxa3aTencrBo: Heka e mameH oOmusT

BH/JI Ha YpaBHEHHUE OT BTOpA CTENEH

(1) f(x) = x> + :—:X + :—Z = 0, xpaeTo a5 * 0, 3a

KoeTo cbriacHo (opmynure Ha Buer crneasa 1)

X1+ x2 =— :—: Ot HampaBeHMTE O3HAYEHUSA 3a

KOPEHHTE W OT pPaBEHCTBO 1) ce Tmoiry4aBa
d

paBeHCTBO (9) —r+s= —a—l. 3a paBeHCTBO (9) ce
i}

pa3rieKIaT CICAHUTE CITyYau:
a) Ilpu r = s
a

—r+s5=——
o

paBeHcTBOTO  (9)
€ BSIPHO CamMO TOraBa, KOraTo

ay
KOE(UIUEHTHT - = 0, xoeTo € paBHOCHUIIHO Ha
(4]
a
paBeHcTBOTO (10) 1 — 5 = a—l
(]

PaBenctBoto (10) € exBUBaJEHTHO Ha
paBeHcTBO 1), ciedoBaTelIHO €  HEroma
HHOBALMA.

0) ng r < s paseHctBoto (9)

1
—T+85=——
g

€ BJAPHO CaMO TOTaBa, KOraTo

ay
KOe(ULIUEHTHT i 0, KoeTo € paBHOCWJIHO Ha
(]

a3
paseHctBoro  —T+s=-(=—), a T0 €
0
ty
PaBHOCUJIHO Ha paBeHCTBOTO (11) s —7r = e
1}

ay
kpnero — = 0.,
25

PaBenctBo (11) e exBHBaJIeHTHO Ha
paBeHCTBOTO 1), clegoBaTeNHO € Herosa
HHOBALMA.

JlecHute CTpaHU Ha IIBPBUTE paBEHCTBAaTa

ay

(10) u (11) B nBeTe cuctemu 3a KoedureHTa -
(]

MOXXE€ J1a ca MOJOKUTEIHO PALMOHAIHO YHCIIO
WY WpaIlMOHAIHA YacT Ha WPAIMOHAIHO YHUCIIO,
anreOpuYeH u3pa3 ¢ palMoOHAIHA U UpAIlMOHATHA
4acT, alreOpuveH u3pa3 ¢ HpPalUOHATHU YacTH
Ha UpalMOHAIHU YHCTIA. .

2

B) 3a cBOOOMHUA KOE(DUIIMECHT o
1]

MHOXHUTEIIUTE MY &1, &z, OIIPEACIICHU 3a KOPEHU
Ha YpaBHCHHEC OT BTOpa CTCICH, € B CHJIA

a
paBeHcTBOTO (12) a—z = @;. &y. ANTEOPUIHHAT UM
0
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coop Mda € paBeH Ha NPOTUBOMOIOKHUS

KoehUIIMEHT  Tped  [ObpBa  CTENeH  Ha

npomersimBata. Cnensa paBeHcTBoTO (13) @+
=4

a ==,

Ot o3HauenusaATa 3a t, v u (13) cimensa
paBenctBoto (14) t + v = |a;| +|as|, Ha KoeTO
JISICHATa CTPaHa € BUHATH MOJIOKUTEITHO YUCIIO. .

Ot o3nauenmsitTa 3a 1, s u (13) ciuenpa
paBenctBoto (15) r + s = |ay| +|ay|, HAa KO€TO
JSICHATA CTPaHa € BUHATH MOJIOKUTEITHO YHCIIO.

Ot (14) u (15) cnensa paBeHcTBo (16) r + s
=t+tv.

PaBenctBo (16) € B cuiia €THOBPEMEHHO 3a
paBeHnctBara (10) m (11). Taka ce mosry4aBaT
CUCTEMHTE JIMHCWHU YpaBHEHUS OT HAIPABEHOTO

u3cjieBaHe 3a MpeacTaBsiHe Ha Koe(UIMeHTa
31_

ag
31

T—85= — al
A) g8, ako — =0, niun
r+s=t+v &p
s—r 2
e a
B) a ,aK03—1<0.
s+r=t4+v o

Crnen HaNpPaBEHOTO JI0KA3aTEIICTBO CIIC/IBA,
Ye CHCTEMHTE Ha Teopemara ca JOKa3aHW KaTo
HHOBALMSI Ha paBEHCTBOTO 3a cOopa Ha
KOpPEHHUTE Ha YPABHEHHETO.

Kato u3BOj 3a cHCTEMHUTE MOXE Ja Ce
0oTOEJIEKH, U€:

19. Cucremure ca OT I'bpBa CTENEH Ha
JIBE MIPOMEHJINBH, c MIPOTHUBOMOJIOKHU
KOCQUIIMEHTH TIpel  eIHaTa  POMCHJIMBA.
Cucremata MOXeE J1a Ce pelIu 4pe3 chOupane,
3aMeCTBaHEe MJIN U3BaXKIaHE.

20. EguHCTBEHO  JONBIHUTEIHO  C€
oTIpeieIis AsICHATa CTPaHa Ha BTOPOTO ypaBHEHUE
Ha CHUCTEMHUTE, Ha OCHOBaHHE Ha
KOMOMHATUBHOTO JIOTHYECKO M MaTEMaTHYECKO
MUCJIEHE, KOSTO € TPEeACTaBeHO KaTo cOop OT
MIOJIOKUTETHH PEATHU YHCIIA.

21. B mppBOTO ypaBHEHHE Ha CUCTEMUTE,

anreOpuyHUsAT  cOOp HAa  KOpPEHHTE  Ha
YPaBHEHHETO € PpaBeH Ha IOJIOKUTEIHUS
KoeUIIMEeHT  Tpel  MbpBa  CTENeH  Ha
YPaBHEHHUETO.

22.  Cnex HaMupaHe Ha KOPEHHUTE Ha
KBaJpaTHOTO YpaBHEHHME OT CHCTEMara, Cce
OTIpeAeAT MHOTOKPATHUTE MY KOPEHHU.

a
23. Axo pammoHallHaTa 4yacT Ha 3_1 >0,
1]
a3
palnroHa HaTa 4acT Ha |a—‘ = t, 1 UpaIlUOHATTHUTE
0

KOpCHU Ca OTpULATCIIHU YHUCIId, TO PCATHUTC
KOpC€HH Ca OTPHULATCIIHU YKCIa.

d
24.  Ako panmonanHara uacT Ha _ < 0,
i}
d
parMoHaNHaTa YacT Ha |a—" = t ¥ MpAIMOHATHHTE
i}

KOpCHU Ca IOJIOXKUTCIIHKU 4YUClid, TO PCATHUTC
KOPC€HH Ca MMOJOXUTCIIHU YHUCJIa.

d
25.  AKo MpaumoHamHaTa 4act Ha = > 0,
i}

dy

HpalyuoHaIHaATa 2
0

qacCT Ha = Vv, u

HPpallMOHAJTHUTEC KOPCHU Ca OTPULATCIHH 4YHCJIa,
TO pCAIHUTE KOPECHU Ca OTPULATCIIHU YHCJIa.

d
26.  Ako mpaumoHanHata 4act Ha = < 0,
i}

dy
dp

qacCT Ha = v n

HpalnuoHaIHaTa

VPALMOHAIHATE KOPEHU Ca ITOJIOKUTEIIHU YUCIIA,
TO pEaJIHUTE KOPEHHU Ca MOJIOXKHUTEIHU Yncia. [S]

r) Korato nmame Mozaenupane ¢ KBaJpaTHO
YPaBHEHHUE, pEIICHUETO Ha 3ajadara MHUHaBa
npe3 ABa erana. B mbpBus eran ce onpenenss DM
3a KOpPEHUTE Ha KBaJpaTHO YypaBHEHHE. BbB
BTOPHUAT €Tall CE€ HaMupar KOPEHHUTE, OT
YCIIOBUSATA 33 BPBb3Ka MEXIYy KOPEHHUTE, KOUTO ca
peuleHue Ha 3a1a4ara.

3ajauuTe ce CBEXAAT 1O HaMHpaHe Ha
KOPEHUTE Ha YypPaBHEHUETO 4Ype3 JajJcHa
KOMOWHAIMS MEXIy INpou3BeneHue, cOop wiIu
pasnuka Ha JaBe yucia, DM wim apyra Bpb3ka
MEXKy 4nciaTa.

B mepBusa eran ce omnpenens DM Ha
KOPEHHUTE Ha YpPAaBHEHUETO OT YCIOBHETO Ha
3aJlayaTta 3a 4Yuclara, KOMTO Morar Ja ce
roJyyar.

1

a
Bropu eran. Korato xoeduuueHTsT - ¢
0

3a1aJIeH KaTo IapaMmeTbp, KaTo IbPBO YCIOBUE,
TOraBa € NaJeHO IPOU3BEICHUETO Ha JIBE YMCIIA,
KOETO € CBOOOJHMS KOE(DUIMEHT U BTOPO
yCIOBHE OT BMJIa Ha pasiukara wim cOopa Ha
yucnara, DM wnmmu Opyrd  BpB3KH  MEXAY
KOpEHUTE.
Karo u3Box OT 3Haka Ha KoeduIHeHTa ?,
0

3HaKa Ha pasjguKaTa Ha JBETe 4YHClIa |
MPEJICTaBIHETO Ha KOPEHHUTE, MOXE Ja Cce
oTOEJIEeKH, U€:

i
27. Axo a_2>0’ X1 — X2 >0, Torama
(]

pasiimkara € MEXAY IMOo-rojiiMO W IIO-MajIKoO
MOJIOKUTCIIHO UJIM OTPULATCIIHO YHCJIO, 3all0TO

28
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YPaBHEHUETO MOXKE Ja KMa HyJla HWId JBa
OTPULIATEIIHU PEAIIHU KOPEHH.

28. Ako ?::»{), X;] — X2< 0, Torama
o]

pasiimkata € MCKAY II0-MAJIKO U IO-TOJIAMO
MMOJIOKHUTCIIHO WJIM OTPpULATCIIHO 4YHCJIO, 3all0TO
YpaBHCHHUETO MOKC Ja HMa HYyJIa HWIKW [OBa
OTpULATCIIHU PC€aIHU KOPCHU.

29. Ako ?c:{), X;] — X2==0, Torama
o]

pasjimkara € MCKOY IOJIOKHUTCIIHO )51
OTpULATCIIHO YHUCIIO, 3alll0TO YpaBHCHHETO HMa
CIAWH OTPHUIATCIICH KOPCH.

30. Ako ?r(ﬂ, X] — X2< (0, Torama
i}

pasiMkaTa €  MeXIy  OTpPULATeIHO U
IIOJIOXKHUTEITHO YUCIIO, 3alI0TO YPAaBHEHHETO MMa
SIIMH OTPHUIIATEJICH PEeaICH KOPCH.

31. Ako uma mpowmsBeneHHEe H cOOp Ha
1IBE qpcna, TOraBa HaMUpame
IPOTHBOITOJIOKHOTO YHCIIO Ha cOOpa, 3ammucBaMe
YPaBHEHHETO M HaMHpaMe KOPEHHTE Ha
YPaBHEHHUETO.

a
32.  Ako Koe(HIUEHTHTE =

d3
a_OH 3_0 ca
3aaJicH KaTo TapaMeTpH, ToraBa TpsiOBa n1a
uMaMe cOOp W pasiuKa 3a JBaTa KOpeHa WU
JIPYTH 3aBUCUMOCTH 32 HaMUPAaHE HA KOPEHUTE
Ha YpaBHEHHETO.

e) Bcuuku ypaBHEHHSI OT BTOpa CTEIICH
UMaT €IHO3HAaYHO €IWHCTBEHO peIIeHHE B
MOJIETO HAa PEATHUTE YKciia. AKO KOPEHUTE HE ca
OT TOBA TOJIE, TOraBa TO HAMA PEIICHHE B MOJIETO
Ha peannute unucna [ 3 ]. C ToBa Teopemara €
JOKa3aHa.

3akiiloueHue
W3BoauTe 3a ob1miara Teopus 3a ypaBHEHHE OT
BTOpA CTETICH ca:

33.ChcTaBeH € HOB  METOJ  3a
ompejieNisHE W HAMHUpaHe  Ha
pealHuTe KOpPEHU Ha ypaBHEHHE OT
CTCTICH BTOpAa 4Ype3 HAMHpaHE Ha
paloHaIHHA u UpalMOHAIHU
KOPCHH.

34. 3a na ObzaT BCHYKM KOPEHHM Ha
YPaBHCHHETO MHOXXHTEIH Ha  CBOOOJHUSAT
Koe(UIIUEHT, TPSIOBA J1a ce pa3Jieii YpaBHEHUETO
C KoepUIMEHTa Tpea BTOpa CTENeH Ha
MIPOMEHJIMBATA, aKO € Pa3jINyeH OT eIHO.

35. CBobogHuUST Koe(UIUEeHT Ha
YpaBHEHHETO HE ce ChKpalaBa, 3a Ja He ce
IpeMaxHe KOPeH Ha YPaBHCHHETO.

36. Ompenenst ce BB3MOXHHS Opoil Ha
OTPULIATEIIHUTE PEATHN KOPEHH Ha YPaBHEHUETO
3a IIPaBUJIHO OIPE/EIIHE HAa KOPEHUTE.

i a
37. Koraro a—z =0 3—1 < (0, Torama
(i] 0

YpaBHEHUETO HMMa HyJIa OTPULIATEIIHH pEeaHU
KOpEHHU;

az dy

38. Korato — =0 wu -

>0, Torama

g 0
YpaBHEHUETO HMMa JBa OTPUUATEIHU PEATHUTE
KOpEHHU;

a
39. Korarto a—l <. (, ToraBa ypaBHEHHETO
0

nMa €UH OTpULATCIICH PE€AJICH KOPCH;

a
40. Korato — =0, ToraBa ypaBHEHHETO
0

MOJKE€ J1a UMa TIPOTHUBOIIOIOKHU PEATHH KOPEHH.
a
41. Koraro koeduimenTa 3—1 =(), ToraBa
0

&<,

9

a
42.  Koraro xoeuumenta_- < 0, Toraa
0

s> T

b

43. Korarto

dy
KOC(PHUITUEHTHT — ©
1]
i
MPALMOHATIHO YUCIO M KOCPHIUEHTBT — €
g
NPEJACTaBEeH KaTO HWPAIMOHAIICH MHOXKHTEI,
TOTaBa UPANMOHAITHUTE YaCTH HA UPAIMOHATHUS
MHOYKHUTEII ca C €JHAKBU 3HAIIH.

44. Koraro

KOC(QHUIIMEHTHT :—:
MPEICTaBeH KaTo ChOMpaeMH Ha PAMOHATHO U
UPAIMOHAIIHO YHUCJIO, TOoraBa TO MOXe Ja e
IPEACTaBeHO KaTo cOOp OT pauuoHAIEeH |
UPAIMOHAJIEH KOPEH.

a.
45. KoraTto 3HaKbT Ha KOePUIIMEHTA a—l e
1]

MHUHYC ¥ € TIPEICTaBeH KaTo CbOupaeMu C
pa3NM4yHU 3HALM, TOraBa CbC 3HAK IUIIOC CE
MpeACTaBs  MO-TOISIMOTO o a0coroTHA
CTOMHOCT IOJ0KUTETHO YHUCIIO.
dy
46. KoraTo 3HaKbT Ha KOe(hUIIMEHTA ¢
0

IIroC U € MNOpCACTaBEH KaTo CT)6I/IpaeMI/I C
pas3siindHu 3Halu, ToraBa CbC 3HAK IIJIHOC CC

NnpeAcTaBs  MO-TOJISIMOTO MO a0coroTHA
CTOMHOCT OTPHIIATEITHO YHUCIIO.
=1
47. Koraro koe(hUIIUEHTHT = =0,

dp
d
ToraBa KopeHure ca x| =0 u Xp = — a—’ .
i}
48. BwpBemeHo e  ompeaeneHue  3a
UMAaruHEpCH MHOXHUTCEII U HCTOBOTO IMPEACTABAHEC
KaTo TMpou3BelAeHHEe Ha cOOp HW pa3iuka Ha

HpallMOHAJIHO CIIPETHaTH Yucjia.
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49. VMaruHEpHUAT MHOXHUTENI HE €
KOpPEH Ha ypaBHEHUETO.

50. PanuoHamHUTE U UpalMOHAIHUTE
KOpeHH He TpsA0bBa Ja ce IpecMaATaT upes3
UMaruHepHUs MHOXHUTENT ,,p, 3amoTo Cce
HapyliaBa [pPEICTaBIHETO Ha HPALMOHAIHO
CIpErHaTHTE YHCIIA.

51. CBOOOIHMAT KOCPHUIMEHT Ce pasiiara
Ha TPOCTH MHOXHUTEIH. Upe3 KomMOMHUpaHE Ha
MHOXHTEIUTE Ha CBOOOJHMS KOE(UIMEHT B JBa
MHOXHTEJS, C€ ONpeeNisiT KOpPEeHUTe Ha
YPaBHEHHMETO TaKa, Y€ TEXHUAT aJreOpU4HUAT

cOoop Jna e paBeH Ha MNPOTHUBOMOJOXKHUSI
KoeHIIMEHT  mpen  mbpBa  CTENEH  Ha
MIPOMEHJIUBATA.

52. Axo HAMA KOMOWHAIHSA 3a

Ipe/ICTaBsIHE HAa CBOOOJHUS KOC(UIMEHT OT JBa
MHOKUTEJSI, HA KOUTO aIreOpUIHHAT cOOp aa e
paBeH Ha MPOTHBOMOJIOKHUS KOCPHUIUEHT Ipe[
'bpPBa CTETICH, TOTaBa KOPEHUTE Ca UPALMOHATHO
CIIpETHATH YHCIIa.

53. Hosara Teopus € npuioxuma rnpu
MOJIeTIMPaHe ¢ KBaJpaTHU YpaBHEHUS.

54. KopeHute Ha ypaBHEHHUATA ca B
HOpMaJIeH BH]I.

55. Ilpm npunaraHeTo Ha HOBHUSL METOH
ce Tmpwiara KOMOMHAaTHBHOTO JIOTHYECKO U
MaTeMaTHYeCKO MHCIEHEe TIpU pellaBaHe Ha
3agaunte. Ypes TO3M METOJ ce pelaBaT
ypaBHEHMs OT CTeNeH n (n=2), K0eTo MoXe Ja

UMa €IMH HMaruHepeH MHOXuTel. ToBa e
JOCTAaThYHO OCHOBAaHWE 32 BBHBEKIAHETO U
U3y4yaBaHETO HAa HOBMSI METOJ| B YUYMJIUIIHUAT
KypcC 10 MaTeMaTHKa.

IIpnnoxkenne Ha o0mara Teopus 3a
peliaBaHe HA KBA/IPATHO ypaBHeHHe

Jla ce HaMepsAT KOpEHHTE Ha KBAJPaTHOTO
ypaBHEHHE.

1 3am. x* —31x +240=0

Pemenue: Ot oIpesieJieHue 2,

omnpeneneHue 3, — >'D u ? < 0 cnenBa, ue
0

KBaJIpaTHOTO ypaBHeHI/Ie ¥uMa HyJa OTpULATEeNIHU
pEaTHU KOPEHHU.

Ot onpenenenne 6 ciensa

22223.5=15.16.
Ot onpenenenue 6, popmynurte Ha Buer u

2 =240 =

ap

1) x1+x2 =— ﬂz 15+16 =31 u xix2 = 15.16.
= 31
OTTeopeMal —<O B) —I—r: 31 <

s=31 n r=0. OT panyoHaNHaTa YacT Ha

dy
ap
TO PEATHUTE KOPEHH Ca MOJNOKHUTENHN YHCIIA.
Kopenure Ha KBaJpaTHOTO ypaBHEHHE ca:
;= 15, X,= 16.
23a;1.§x2—§x ~2-0

2
2 5, 5 3
Pewenue: Ot onpenenenue 1 XX~
6 5 5 9
=0/.- BaX——x—-=0.
0/ , cenBa " . 0

a
Ot onpenenenue 2, onpeaeneHue 3, a_2 < 0
0

— < 0 W panMoHaNHATa 4acT Ha
dp

=t =231,

a
H _1
dp
OTPHULIATENICH PEaJCH KOPEH U IIOJIOXKUTEITHUAT

KOpE€H I10 a0COJIFOTHA CTOHHOCT € IO-TOJISIM.
9 9
-=1.-
4 4

=(0 crnenBa, 4e ypaBHEHUETO HUMa €IHUH

a
Ot onpenenenue 6 ciaeasa a—z =
1]

Ot onpenenenue 6, popmynurte Ha Buer u

a, 9
Dxi+x2 = ao——l+ —4I/IX1X2——1.4.
5
a, §—r = 1

Ot teopema 1, =< 0 u b) 3 S
Ao s+r=—

4

-=1.

4

Kopenure Ha KBagpaTHOTO ypaBHEHHUE ca:
9

9
S=-HUTtr =

4
K]_:_]_,Kz:_

33aq.x%2 —x —1=0
Pemenue: Or olpeziesieHue 2,
83

az
omnpezaeneHue 3, o <0 nu = < 0 cimensa, ue
0 ap

KBaJIPAaTHOTO YPaBHCHHE UMa €JIMH OTPHUIATEIICH
pealieH KOpPeH M TOJOXHUTEIHUAT KOPEeH II0-
a0COJIFOTHA CTOMHOCT € MO-TOJISIM.

a
Or omnpenenenue 6 ciensa a—z = -1 =
0
(n+ m)(n—m), xpEeTo -1 e uMaruHepeH
MHOXUTeN. Heka x,x; =p =—1.
Ot omnpenenenue 5, omnpeneneHue 6,

a4

¢dopmynure Ha Buer u 1) x1 + x2 =

ay 1

1}
n+m +n— m—l@n——EZE up=-1.

Karo 3amectum n u p BBB popmynara Ha Buer

)

X1, =nt.n*-p = x4, —éi f(%)z +1 <

Xq _ _
1Y5 1 4B
= — —|.-_’ Kz -

2 2 2 2

G[l 1 45 1 N
CnenBa x| +xp =— —=-= - ——
ABA X1 T X2 ag 2 2 2 2

1 45 1 V5

Hx1.x2 =z+o)z——

b 22 (2 2)(2 2
IS

1 v
peaieH KOpeH ¢ - — —.

=1

) = —1. OTpULIATETHUAT
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Or Teopema 1, ? < 0 wu cucrema
0
s—r=1 JE
b 1 1 5 5ciuemBa s=1+—wu
N7 =2qd 5 05 cren 2

2 2 2 2
Te ca pauMOHAIHM W HWPALUOHAIHU

YaCTHU Ha UPpAIUOHAJITHUTC YK CJIa.

KOpeHI/ITe Ha KBaJAPAaTHOTO YPAaBHCHHUC Ca:
A5 1 5

» X2 .
2 2 2
43an. x* — 24/2x+1=0
Pemenue: Ot OIpE/IETICHHUE 2,

i a
omnpezaeneHue 3, a—z >0 u = < 0 cinexsa, ue
o

ap

1

KBaApPaTHOTO YPaBHCHUC MMaA HYyJla OTPpHULATCIIHUA
peaHu KOPEHHU.
Ot ompenenenue S5 u omnpeneiacHue 6

cieaBa ? =1 = (m+n)(m—n), kpuero 1 e
0

a
HMAaruHCpCeH MHOXHTCII H a_l
0

¢ HpalOHAIHO

yucio. Heka x %, =p=1.

Or onpenenenue 5, omnpeneneHue 6,

a
dopmyaure Ha Buer u 1) X1 + xo = — a—i
(1]
ay 242
czbm—l—n—l—m—n:zﬁ,@m:_g: =
(1]

V2 uw p = 1. Kato 3amecTHM m ¥ p BEB
dbopmynara Ha Buer (7)
X, =m+m?-p ©x,=V2+1ox=
V2+1, x,=4/2 — 1.

ChnemBaxi+x2=v2+1++v2—-1=2v2u
x1.x2 = (V2 +1)H/2 —1).

a
Or Tteopemal, = <0 wu

dp
s—r=2V2 os=14+22ur=1
s+r=242+2

Kopenute Ha KBajpaTHOTO ypaBHEHHE ca:
x,=—1+/2, x,= 1+ /2.

5 3an. Jla ce HaMmepsT €CTECTBEHM 4YHCIa,
KOHWTO Ca KOPEHH Ha KBAJPATHOTO ypaBHEHHE X°
+ a;x +7=0wu 1a ce HaMepu ypPaBHEHHETO.

Pewenne: IIspBu eran. DM: x1, x2 € N.

Bropu eran. Ot onpenenenue 2,
ompeneneHue 3, Z—j >0 m or ycimoBmeTro Ha

cucremMa

)

3aZla4yaTta cCJjicaBa, Y€ KBAaAPATHOTO YPAaBHCHUC
HMa HyJia OTPUIATCIHN pE€aIHU KOPCHU.

Ot onpenenenue 6 cneasa ? =7=1..
0

OT YCIOBUETO Ha 3aJgadara 3a
dz
KoeUITUeHTa o= 7, KOpEHUTE Ca eCTCCTBCHH
0

4yucoa, cliefiBa, 4ye ag — 1. Bb3MOXHUAT BapuaHT

3a KOpeHHUTEe OT cBOOOIHUS KoeduuumeHt e 1.7.
CnenBa, ye kopeHute cax; =1luxz =7.

Ot onpenenenue 6, popmynure Ha Buet xi

+X2 = B 147=8u X1X2 = _17. Crenpa,
dp dp
ue Z—: = — 8. YpaBHenuero € X2 — 8x +7=0.

6 3an. Jla ce HaMepAT KOpEHUTE U
KBaJpaTHOTO YpaBHEHHUE, aKO pa3juKara Ha
KOpEHHUTE € paBHa Ha 19, 3 € MHOXUTEN HA MO-
MaJIKHsl KOPEH U TAXHOTO MPOU3BEJICHUE € PAaBHO
Ha — 90.

Pemenue: [IspBu etan. DM: xi, x2 € R.

Bropu eran. Ot onpeneneHue 2,
az

onpeneneHue 3 u — < 0 cnensa, ye KBaIpaTHOTO
0

ypaBHEHHE MOXE Ja HMa €AUH OTpHUIaTesieH
peajeH KOpeH.
a
Or onpenenenue 6 cuegpa — = 90 =

dg
2.3.3.5=9.10
Ot YCJIOBHUCTO HA 3ajjadyaTa UMaMe pasjinKa
Ha KOPCHHU M TA € IMOJOXHUTCIHO 4YHCIO, a OT

tdz
onpeneseHue 2, onpeaesieHue 3 u — < 0 crnenga,
0

4ye  KBaApaTHOTO ypaBHEHHWE HMa  €IUH
OTpULATENIEH peajieH KopeH. Torasa mie umame
pa3inKa MEXAY TMOJOKUTEIHO U OTPULIATEITHO
9HCII0, 32 1a ObJIe TS MOJOKUTETHO Yucio. ToBa
€ u3mbJiHeHo 3a yuciarta 10; —9. Kopenure ca 10
u -9. Torasa x; — x2 = 10 — (-9) = 19. Cnenga, ue
KopeHure ca: X1 = 10 uxo =-9.

Ot onpenenenue 6, Gpopmynure Ha Buer u

Dxi +x =-2 =10-9=1u
(4]
XiXa = 2 = 10.(-9) cnensa, ue 2= .
Qg g

YpaBHeHHETO €: X* — X — 90 = 0.

Hckam pa w3Kaka ToOJsMO YBaXEHHE W
65arolapHoOCT KbM JIpyrus chaBTOp Ha Teopusita
3a anreOpuYHO pelIeHHe Ha YpaBHEHHE OT
CTeNeH n (n=2), ¢ eAHa IPOMEHJINBA, KOUTO J10
HOCJETHUS CH JbX ydacTBa B M3TPaKIaHETO Ha
HoBara Teopus. Mopnan CrosHos (1938-2019 1.)
Oelle yBa)kaBaH MaTeMaTHK.
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OHJIAWH WA TPUCHCTBEHA ®OPMA HA OBYUEHHME B YYUJIAIIIE

Ilerpanka KojeBa

Pe3rome: Ha 16tu Mapt 2020r. craptupa JUCTaHIMOHHOTO 0Oy4deHue B Bbbiarapus. YUeHUIMTE W yUUTEIUTE OCTaHaXa B
KBIIM IIPEJ eJEeKTPOHHHUTE YycTpoicrBa. OOpa3oBaHMETO pearupa Obp30 M Bie3e B HOBa (ha3a-M3ISJIO JUTUTAIHO
npenofaBade. OHNAH 0O0YYEHHETO IOCTABM MHOTO HEHM3BECTHM KOWTO CE€ pellaBaxa B [BW)KECHHE-yTOYHABAXa Ce
miaThopMH, Chb3aBaxa ce aKayHTH, oOydaBaxa ce yumrenu. YueOHata 2020-2021r. 3apppmu oHmaifH. bwirapckoro
oOpasyBanmue 3amoyHa Hoarta 2021-2022r.

Kaio4oBu ayMH: OHJAWH, (@OHNAH o0pa3oBaHHE (WIPHUCHCTBEHO OOYYEeHM (@ydWTen (@ydeHWK @matdgopmu 3a
oOyueHne

Abstract: On 16" March 2020 online education commenced. Teachers and students stayed at home in front of their
electronic devices. Education system responded promptly and entered the new times of digital learning. Online education
faced many challenges — new platforms were developed, lots of new accounts were created, teachers were trained of using

the platforms etc. The 2020-2021 school year ended online and new 2021-2022 began online as well.

Keywords: online, @online education, @traditional education @teacher @student @educational platforms

Ot wmecenr mapt 2020 romuHa XUBOTHT Ha
XopaTa o Lenusi CBAT ce mpoMeHH. Hactemm
nepuoJsl, B KOWTO YYCHUIUTE TMpEMHHaXa B
JMCTaHIMOHHAa (opma Ha oOyueHue.Makap u
TPYAHO YYCHHIIA M YUUTEIH YCISXa J1a U3TPAIAT
TOBa Karo HAaBUK M JHUTE B H30JaLUs I10-
npusiTHU.[IpucbcTBEHO UM OHIalH 00ydeHue ?

OmnnaitH ~ o0y4eHueTo MOCTaBU  MHOIO
HEM3BECTHU,KOMTO C€ pellaBaxa B JBHKCHUE.

beirapckoto  oOpasoBanue He ce  Oere
W3MPABSUIO  TIpeJ BEpPTyaJleH BapHaHT Ha
npernojiaBaHe. YTOuHsBaxa ce Iatdopmuy,

ch3JlaBaxa ce aKayHTH, oOydaBaxa C€ YUMTEIH.
3a y4yeHUIUTE BapUaHTBT CE€ OKa3a I0-JIEK KaTo
Ipexo/,Ho uMaile u npobiemu. Jlen cinen crapra
Ha OHJIallH oOy4yeHHMeTOo ce okaza,ue 5% oT
YUEHUIIUTE HAMAT UHTEpPHET cBbp3aHocT 1 MOH
JIOTOBOPU ¢ MOOMJIHUTE ONEPAaTOPH J1a MOCTABAT
Wi-Fi  touku  Ge3ruiatHO.OOpa3oBaTEIHOTO
MuUHUCTEpCTBO ch3nane 800000 mpoduma Ha
yUduTeIM M Y4YEHMIH B 1iuaTdopmata Ha
Microsoft Teams,upe3 kouto ce paborere.

o Mecerr anpuit BEIPOCHT Oere —,,OHIaiH win
NPUCHCTBEHO OOydeHue?*, HO BpbIIAaHE B KJac
HsAMalle. YYMTeIuTe HaBaKcBaxa  yueOHHs
MaTepuan 4pe3 IMpenojaBaHE Ha IPOIyCHAT
MaTepuai,u3MUTBaHE, TECTOBE U OIICHSIBAHE.

Kannnpar cTyneHTCKUTE M3NHUTH Ce IPOBEAOXa
camo 1o Ouosorust U xumus 3a ,,MenuuuHa ,,u

,Papmamusa“ um no Mmaremaruka. Oxasza ce,ue
O0anbT 3a mpueM e magHan 3HauuTenHo. C
HA4YaJIOTO Ha ydeOHaTa roJuHa MHOTO
YHUBEPCUTETH u30paxa XUOpPUACH HAYUH Ha
oOyuenue. Ha 27 HoeMBpu JbpxaBaTa OTHOBO
Oellie 3aTBOpEHa,U3Mpa3HUXa ce KIACHUTE CTau.
Pemenunero Oeme g0 21 nexemBpu.MOH
YIBIDKM MEPKHUTE /10 Kpas Ha siHyapu,a ChIIO U
ydeOHaTa TOAWHA C JIBE CEAMHIH. A BBIPOCHT
e:“Jlain HaydyeHOTO mpe3 Ta3u yuyeOHa roguHa
OCTaBU TpaillHM 3HaHUA U yMeHus 7*[1]
Pesyntature mokas3BaT, ye Y4YEHHULUTE HE ca
YCBOWJIM JIOCTaThYHO MaTepuaa.
Crnopen npod.  Tomop
TUCTaHIIMOHHaTa  ¢Gopma  Ha  oOyueHue
YCBOSIEMOCTTa Ha  y4eOHMs ~ MaTepuayl €
HM3KIIOYUTEITHO HUCKA — 15%,a TOBA € HETaTUBHO.
Heo6xoanmo e 1a ce TbpcsT U npusaraT rbBKaBU
dbopmu H a ydueOHHUS Tporec. 3IMATHUAT yUUTEN
Ha bwarapus, ¢usuxer Teomocuit Teomocuen
CUMTa, Y€ OTKBHCBAHETO OT YYMJIMIIE MOXKE Ja
Obae QaranHo W Ja JIoBele A0 HErpaMOTHOCT
cpen ydyenunure. KoWTo Mcka 1a cnacu JIETETO
cH, TpsOBa Ja ro kapa Ja yudu mo 15 yaca Ha
IeH. B Kkbmm nerara ce 4yBCTBAaT CaMOTHH, a
POIUTENTUTE KOHCTATUPAT, Y€ T€ C€ UyBCTBAT IO-
YMOpEHH, TIO-HEYBEpEHU B ce0e CH MpH OHJIANH
00y4YeHHETO.

Tanes  mpu
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Cnopen  conuosiosd  3aAbp)KaHETO  Ha
YUEHUIUTE B KbIIK 3aTpyAHsBa poautenute. OT
MOH cpmo 3asBuxa, ue  HaW-700pOTO
o0Opa3oBaHHe € MPUCHCTBEHO, HO Ha TO3W eTal
npyra onuus Hsama. ToBa € HAUMHBT Ja CE CIAcH
ydeOHara roauHa[2].
3apaau KOpOHa BUpYCa OBIArapcKoOTO
oOpazoBanme 3amouyHa HoBara 2021 -2022
yuyeOHa roJuHa OTHOBO OHJIAiiH. ThMHM KJIacHU
CTau,ThMHU  KOpUIOpU-0e3 ydeHunm. Haii-
no0puTe pes3ynTaTd  3a OJaromoiydMeTo Ha
YUYEHUIIUTE € TMpuchcTBeHaTa (opma Ha
oOyueHue. Pa3ButmeTo Ha 4yBCTBOTO 3a
MOCTH)KEHHUE € CBBP3aHO C MOJIOKHUTEITHOTO
BB3/ICHCTBUE U ce JePHUHUpPA KaTO CIIOCOOHOCT 3a
JUYHA TpPELEeHKa, 3a CIpaBsHE C YUYWIHIIHATA
ENHOCT.

KoBua-19 uma HebnaronpusiTHO Bb3/IEHCTBUE
BbpXY OJaromojayyuMeTro Ha ydeHHIuUTe. Te
mpeKkapBaT JBITO0 BpeMe B  KBIIM  Mpef
komnrorbpa.  Ilpoyusane nwa  YHULEO,
IPOBEJCHO B HAyaJoOTO Ha MaHJIeMusiTa —
YHULIE® -202, moka3pa, 4e MHOJOBHHATa OT
YUYCHHUIIUTE Ca HW3MUTBAJIM HETAaTUBHU YYyBCTBA,
nopaau OrpaHHuYaBaHEe Ha  COIMAIHUTE
KOHTaKkTH, a 35% OT poauTeNuTe CMSTaT, 4e
MCUXUYHOTO 37JpaBe Ha JelaTa UM ce € BIOLIWIIO.

lonsm % ot yuenunute npe3 yuebnara 2020-
2021 yyeOHa TroOIMHA HE Cca y4YacTBAJIH
epeKTUBHO B  y4yeOHMS  @pouec  IpH

TUCTaHIIMOHHOTO oOyuyeHue. ToBa yBenuyaBa
pYCKa OT HUCKH TMOCTHIXKEHUS U OTHagaHe OT
yunnuie. llpenusBukaTtencrtBata  ocTaBaT —
nurica Ha UT ycrpoiicTBa, mo-HUCKa MOTHUBALUS,
MHTEPEC, yMOpa U CTpEC.

JlaHHUTE OT MEXAYHAPOJHH W HAIMOHAIHU
OIICHKHU OT PE3ylATaTUTE HA yYEHUIIUTE MOKa3BaT
HEJIOCTAThIIM HA OCHOBHUTE YMEHHSI:

Yerene 47%

-Marematuka 44%

-IIpuponuu Hayku 46%

M3BoasT € : TpsiOBa na ce paboTH 3a HamMalIIBaHE
o 25% 1o BCHYKH MpEAMETH T.e.TpsOBa na ce
KOMITEHCHPAT TIPOITYCKHTE.

[IpouleHTPT Ha 3a€TOCT Ha  3aBBPIIHIUTE
npodecuoHaiHO oOpa3zoBanue u OOyueHue-
ITIOO - e Bce olle HUCHK, KOETO € MOKAa3aTel, ue
MPWJIOKUMOCTTa UM Ha Ta3apa Ha TpyJa OcTaBa
MPEN3BUKATEIICTBO.

HaBsipHo Ha y4eHHMIINTE UM XapecBa Ja CH CTOST
BKBIIM M €IHOBPEMEHHO Jla ca Ha ,,y4yuiaume.

MHOroT0 4acoBe Mpeja KOMMIOThpa HE MOTaT Ja
3aMEHAT PA3rOBOPUTE CH C JIIOOMMHUTE CH
chydeHHIH. Te He MOTaT Ja UM JaiaT  HYXHOTO
YYWIMITHO BpeMe, 32 KOETO BCHUYKU BB3PACTHU
MeYTasT Ja uMaT oTHOBO. OHaH 00y4eHHETO
HE MOXXE J1a Ch37aJic BCUUYKU CIIOMEHHU Ipe3 B
eaHa yjrobuma crpana, Hapeuena YUYMJIMUIIE. A
OTTOBOPBT € ,» YUCHUITUTE TIPEIIOYUTAT
MPUCHCTBEHOTO 00yueHue ‘[3].

[IpequmcTBaTa Ha MPUCHCTBEHOTO OOYyYEHHE ca
MHOTO, HO €TO €/IHU OT THX :

- Ilpsxko  ¢usmuecko W EMOIIMOHAIHO
B3aMMOJICHCTBHE MEXKIy BCHYKM YYCHHIA B
oOyuntenHust mpouec. Te ca  COIUaIHHU
CBILIECTBA, YUEHUETO, PA3BUTHUETO U COIMATHATA
UM HWHTEJIUTCHTHOCT € B  HEMOCPEICTBEHOTO
o0lIyBaHe TOMEXKIY UM.

-JlaBa BB3MOKHOCT HAa YYHTENs Ja BWXKIA, Ja
OBJlaJsBa, Ja BIUAEe “TyK U cera”“ BbpPXY
MOBEICHUETO W PEaKIHHUTe Ha YYCHUIIUTE,
pa30bMpaHeTO W YCBOSBAHETO HA MpPEroiaBaHUs
MaTepHUal.

-JlaBa  BB3MOXHOCT J1a Cc€  IpOCIeau
WHAMBUIyaHATa paboTa HAa BCEKH YUYCHUK W
CHOCOOHOCTTa My Jla U3MO0JI3Ba HAYYEHOTO B
NpaKTHYeCKH 3anadu. [lodTh € HEBB3MOKHO
JIOMAIIIHATEe PabOTH, TECTOBE, MPOEKTHTE Ja Ce
IPaBsIT OT OMNpPENETICH KPbI' YYCHHIIM,KOUTO TH
MPEJICTaBAT Ha IPYTHUTE.

-O0yueHneTo ce Wu3BBPIIBA B pa3juvyHa OT
JoMalrHaTa  cpena, KOSTO  PECIeKTHpa,
Tperoyiara BKIFOYBAHE B IPYT PUTHM Ha JKUBOT
U MOOMIU3Mpa yCUIHUSATAa HA  YYCHUIIUTE,
BB3MHTABA TH HA OTTOBOPHOCT.

-IIpeanonara pa3BuBaHe Ha yMeHUsATa 3a paboTa
B CKHII, IPSKUBIBA CE EHTYCHa3bM OT 0OIIaTa
paboTa ¢ mocturaHe Ha OOIIM IENHU B Kiaca U
YUUJIMIIHATA OOIIHOCT.

- Cn3maBa ycloBHS 32 MEXKIYTUYHOCTHHU
B3aMMOOTHOIICHHS W COIMAIHA Cpelia, KOWTO
oborarsiBaT U pa3BUBAT yUYECHUIIUTE 3a TO-TOIIMA
TPAMHOCT B OTHOIIICHUSTA FM.

-MuHUMHHH3MpA W3MOI3BAHETO HA JUTHTAIHU
YCTPOMCTBA, KOETO € YCIIOBHE 3a MOJIbpKaHe Ha
ONTHMAJTHA XUTHEHA 32 3/[PABOCIIOBEH KUBOT.

Ha MHOro y4eHWIM B HAYaJIOTO MM XapecBalie
OHNIAallH  0oOydeHueTo, HO B  Kpas Ha
JTUCTAaHIIMOHHATa ydeOHa TOJWHA, T JKajyBaxa
HaeceH OTHOBO Jia Ce BbpPHAT B KJac W Jia ObaaT
»3AEJITHO“
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YueHuuTe UMaT HYKJa OT CBOETO Y UMJIMILE.
Enun mbpBOKIAacHMK TembpBa KMMa HYXJa OT
COLIMAJIHU KOHTAaKTH, OT OOMYTa M YBa)KEHHUETO
Ha CBOS YUUTEJ U OT NMPECTOS B YUMUJIUIIIHA CPE/a.
[Ipu pucTaHMOHHOTO OOyYeHHE HE MOXKE Ja ce
TOBOPH 3a MPAaKTHYECKH, JTaOOpaTOPHU U APYTU
ynpaxHeHus. ToBa UM JuIICBAa. YUYEHHULHUTE,
KOUTO B PEajieH yac Mo XuUMus, (u3MKa MpaBsT
7ab0paTOpHU YIpaKHEHUST U 3a TAX TOBa €
MHTEPECHO Ch3/1aBa UM OIPE/IETICHH HABUIIU.

3a yacoBere MmO Yy4yeOHa  IpaKTHKa B
npodecuoHaTHUTE TUMHA3UM HE MOXE U Ja ce
rosopu. He Moxe OHIaliH y4EHUKBT J1a C€ HAYy49u
na 3aBapsBa, Aa pabOTH Ha CTPYr, Ja Haps3Ba
pe3ba, nma pasrmobsBa W CrVIOOsIBA 4YacTH OT
MajJieHa MalldHAa U MHOTO JAPYrd npumepu. A
YUEHUIIUTE, KOUTO H3y4yaBaT TaHIIM, PUCYBaHE,
neeHe M Jpyru IpeAMETH B YUMJIMIIATA IO
U3KYyCTBa-OHJIAaliH O0yYEHUETO € HEBH3MOKHO.
KuBust koHTakT € Hemo yausurenHo! Jla
yCeTUIl TMOMOIITa Ha Jpyrapyero cu, Ja
TaHIyBalll, [I€elll, pUCYBAIll 3a€/IHO.

CBeToBHHTE  HM3CIEABaHMs  JIOKas3BaT, 4e
YUEHULIUTE, KOUTO ce 00yyaBaT OHJIAIH IIOKa3BaT
no-100pu pesynaratu. OHallH 0O0y4yeHHUEeTO € B
€IHa ,,TpaJulMOHHA KJacHa CTas ¢ yYCHULH U
yuuten. Toil mpemnojaBa criopen TOJUIIHOTO CH
pasmnpeseneHue JaJeHus YpoK. YUEHULUTE uMar
pa3IMYHO HHUBO HAa YCBOSIEMOCT. YUHUTENAT €
MIOCTaBEH IpeJ TPYAEH U300p: Aaau J1a MOBTOPH
MaTepHuaiga u Jla TyOu BpeMe MM Ja MPOIbJIKH
Hampeld. YueHuIUTe TpsOBa @  y4yacTBaT
OBJIHOIIEHHO B TMpolleca Ha Y4eHe, a 3a
KBAJIM(HULIMPAHUS YYUTEJ € BakKHa oOpaTHara.
Yectro Temara Ha MeTOAMYHATa €AMHMIIA
npeznonara Mo-6jaronpusiTHa OOCTaHOBKA 3a
U3y4aBaHe, KaTo C€ J1aBaT MOBeYEe NPUMEPU OT
IIpaKTHUKaTa. Taka ce OCBIIECTBSIBAT TI'PYINOBU
JTUCKYyCUHU B peasiHa cpena. EpexTuBHOTO OHIalH
o0yyeHHe MOXK€ Ja B3eMe Hai-100poTo OT
TPAAUIIMOHHOTO OOy4YeHue | JOopu Ja TO
HagMuHe. CBbBPEMEHHUTE OHJIAMH MHCTPYMEHTH
3a oOyueHHe T[I03BOJIABAT HA YYHUTEIUTE U
YUEHUIIUTE Ja Ch3JaBaT, peAaKTHUpaT U
KOMEHTUPAT BCHYKU BKJIIOYEHH B OOYyYEHHETO
maTepuanu. ToBa HacbpyaBa MJUCKycHUATa, a
o0y4yeHHeTO M KOMEHTapuTe Cce€ 3ama3Bar 3a
U3IyCHAJIUTE YpOKa WM 3a T€3H, KOUTO UCKaT Ja
CH IIPUIIOMHSIT.

Benuky yueHunu ce HyXJaasT OT OIEHKa Ha
3HaHMATa. ToBa € M Hepa3[elHa dYacT OT

€JIEKTPOHHOTO oOyueHue. Pe3ynraTure Ha BCekH
YUEHUK C€ CBhXpaHSABAT HarJIeqHO B COOCTBEH
npopwmi, Kato Iuatpopmara BOIU  BCEKH
MOOTACHO WM JI0 CIEABAIOTO HUBO, WU TO
I0/IKaHBa J1a IOBTOPH 3a/laHUETO, 3a J1a 3aTBBbPIU
pesynrata cu. MoOIIeH CTUMYI 32 BCEKH YYCHHK
Ja y4d  To-Io0pe €  KOHIEHTpAaIHUATA.
Cp3gaBaHeTo Ha cucTeMa 34 PEWTHHI,
e(peKTUBHO YIpaBIisiBa IpylnoBaTa IWHAMHKA H
HachbpyaBa  Y4YEHHMIIMUTE Ja Yy4yaT [0-100pe.
EnextponHOoTO O0O0y4YeHHEe MOXE Ja H3M0JI3Ba
cbOpaHUTe JaHHM C LeJd Ja ce Ch3JaBaT
CPaBHMTEIHHU OLIEHKM MEXIy JBaMa YYEHMKA.
Ponsita Ha yuuTens e enHa OT OCHOBHHUTE
pasnuuus MeXAy TpPaJuLIUOHHOTO W OHJIANH
oOyuenue. [lmatrdopmara crbupa uHPOpMAIUSL
3a ycmeBaeMocTTa Ha YyueHuka. llenra wu
OPOABIDKUTETHOCTTa HAa OOYYEHHETO U JIOpH
JMYHU UHTEPECH, KaTo MO TO3M HAUYWH HACOYBaT
00y4eHueTo HaI'bJIHO WH/IMBUYITHO.
MopnepHuTe CHCTEMH HW3MOJI3BAaT  Pa3iMyHU
rpa@yyHd  MHCTPYMEHTU 3a Ch3JaBaHE Ha
UHTEPAKTUBHH YIPAXKHEHUS, HIMUTHUPAIIU PEaTHU
CBHOUTHSI B KUBOTA. YTIPOKHEHHUATA Pa3BUBAT HE
caMo TEOPETUYHHUTE 3HAHUS, HO U KapaT yUeHHUKa
Jla Ipujlara peajiHo Hay4deHOTO, KaTo IO TO3HU
HAYMH C€ YyBCTBa yBepeH B cebe cu. Cucremara
CTPUKTHO OTYHMTA HANpEAbKa U MOCTIKEHHUATA Ha
IIpu onnaiiH 00y4yeHHMETO aHTaXKUPAHOCTTa Ha
YUEHUIIUTE HE € JIeCHO, T€ Ce pa3cedBaT OT
MHOTO Hellla y JoMa, HAMaT BB3MOXHOCT Ja
paboTAT B rpynu, HAMAT NPUIOOUTH HAaBUIIM 3a
OHJIaiH 0oOyueHHe, JUICBA COLMAJICH KOHTAKT,
MpeKapaHu IBJITH YacoBe TMpej eJIeKTPOHHUTE
YCTPOMCTBA, JMIICA Ha MPSAK KOHTAKT C y4UTels,
npobieM C ouuTe, NpOMsSHA Ha CTOMKaTta Ha
TsnoTo. OTChCTBA B3auMoOJieiicTBUE B yueOHara
cpena -ydeHHK-yuuted. Tol mmam Qu3nuecko u
€MOI[MOHAIHO MACTO B JKMBOTa Ha CBOUTE
yueHunu. OOyueHHeTo B YyUYWIMIIHA cpefa
OCUTYpsiBa  JMHaMHKa Ha  EMOLHUH.
ACUHXpOHHOTO OOy4yeHHE JaBa BB3MOXKHOCT
Yype3 ONpeAeseHd MaTepualid,KOMTO MOorar Ja
ObJaT JOCTHIIHU 10 BCAKO BpeMe Ha JieHs, 0e3 1a
€ HeoOXO0IMMO J1a )KUBEAT BbB BUPTYyaJHa KJIacHa
cTasi. YUEeHUIIUTE UMaT Bb3MOKHOCT J]a y4acTBaT
B EJIEKTPOHHOTO OOYy4YeHHE, KOraro M KBbAETO €
BB3MOXHO. Te Morar aa u3nosi3BaT KOMIIOTPU B
O6ubnuoTekara WM B IOMa Ha CBOM MpHSTEN.

Hsikon yueHWIm mMat Hy»KAa OT ITOMOIIHA PhKa,
HE3aBUCHUMO OT METOJMKaTa Ha TIpernojaBaHe.
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BbB (u3mueckara KiacHa cTas, yYUTENAT MOXKE
Jla ce pa3xoxJa U3 cTasTa, Ja IoMara Ha BCEKHU
YUYEHUK,KOUTO C€ HyxXJae OT mnoMoul. BbB
BUpTyaJlHaTa KJacHa CcTas ToBa B3aUMHO
JEUCTBUE CE€  YCIOXHSBA OT  OCTAHAIUTE
YYEHHIIN, KOUTO CIyIIaT.

I'pymoBara paboTta He Tpsika B TUCTAHIIHOHHOTO
oOydyeHrne, HO TIOCTaBi  aKIEHT  BBPXY
HE3aBHCHUMaTa CaMOCTOSATENTHa paboTa, KOSITO €
MOJrOTOBKA 33 OT/IaJIeueHOTO Obele.

be3 3nauenue ganu poOaUTENM, YUUTEIU U
y4eHuuu ca ,,3a“ WM ,,JIPOTUB ‘OHJIAlH
oOyudeHue, TO Beue ce Hajara B €Ha WIN JIpyra
CTereH B 00pa30BaTEIHUS MPOLIEC.

[To pano,otkonkoro muciaum. Kem 2025 roauna
okomo 70% ot pabornara cunma B CAII[ me
paboTH MUCTAHIIMOHHO TOHE €JHAa CEeIMHUIA B
Mecena.

CbBpeMEHHOTO YUHIUIIHO 00pa30BaHUE € Ha JBE
CTEIEHU:

-OCHOBHO, KO€TO C€ OochllecTBsiBa OoT | kmac 1o
VII kiac B ABa erana

A/ HaugaseH eran ot I no IV kiac

b/ mporumuaszuanen eran ot V go VII kimac
Cpennoto oOpa3oBaHHe C€ OCBHIIECTBSIBA OT § 110
12 knac B 1Ba erTana:

A/ mppBu rumHaznanieH kinac ot VIII qo X kmac
b/ Bropu rumuasuanen eran ot XI o XII kimac
Y4yeOHuar Matepuadl €  HechboOpazeH ¢
BB3PACTOBUTE BBH3MOXKHOCTH Ha YUYCHHIIUTE U
MHO3MHA OT TSAX M3MUTBAT 3aTPyJHEHUS TPHU
ycBosiBaHeTo My. OOpasoBarenHara cucrema
€XKETOJHO CE aKTyaJM3upa, HO YECTO IbTH U
Ponurenute ce 3aTpyaHsBaT OT CIOKHOCTTa Ha
yueOHus Matepuan. Jla, bwarapus nedenu
MeJaiu OT OJUMIIMAIM TI0 MaTeMaThuka |
¢duznka, HO TOBa ce CIy4Ba He OliarojapeHue Ha
, @ BBIIPEeKH oOpaszoBarenHara cucrema. Ha Bppxa
Ha MUpaMujaTa ca eIUHUIM OJEeCTSIU TalaHTH,
HO 0130 TOJIOBMHATA THUMHA3UCTH ca
HETPaMOTHHU. 3a KaueCTBOTO Ha 0Opa30BaHUETO
ce cbau 1o pesynrarure or HBO

Pesynraru ot HBO 3a VII kiac,

BEJI ycneBaemoct

3a Bapna —47,15%

3a obmnacrra -52,65%

3a cTpanara -53,6%

MaremaTtrka —ycrneBaeMocCT

3a Bapna -30%

3a obmacrra — 34%

3a cTpanara -33%

Ob6yuennero 1o BEJI e crmoxeH w
IPOABIKUTEIICH polec, CBBp3aH c
HPAaBCTBEHOTO U MPO(ECHOHATHO pa3BUTHE HA
JUYHOCTTA. 3amoyBa ce OT Hal-eJleMEHTapHUTE
(dopmH - yeTeHe U MUcaHe, 3a Ja Ce JIOCTUTHE JI0
Hal-CII0)KHUTE POPMHU - BpPB3Ka MEXIY U.€3UK U
MHUCIIeHEe. YdYeHuuuTe TpsiOBa Ja pa3BUBaAT
CIOCOOHOCTTa CH Ja y4yacTBaT AaKTMBHO U
YCIEIIHO B €XKEJHEBHaTa KOMYHHKalus. Te
TpsOBa JJa mpuTeXaBaT Oorara, KyjlITypHa ped —
yCTHa W mnMcMeHa. YacT oT Ta3u KyjiTypa ca
YCBOGHHMTE 3HAHUS U YMEHHs, a pe3ylTaTbT €
HBOJ[4].

Ha 4.07.2022r. MOH o00sBu kinacauus Ha
yuunuiara B bwirapus, cnopen /I31 no BEJIL.
27 yuunuiia UMaT CpeieH yCIex 4ucTa JABOMKa —
Cnab 2

CaMmo 1B yyminuia ca ¢ OTJIMYHU Pe3yiTaTu —
Hax 5,50

31 yunnuma ca ¢ Mu. J1o6sp Han 4,50

308 yumnuma ca pesynarar 3,00.

Cropenl CTaTUCTUYECKH JAaHHU OT TrpapuKuTe
npocieasiBame[S]

EmornmonanHn ChCTOSHUSI HAa YYCHHKA TIPH
OHJIaliH O0y4YeHHe:

Paznpasaurennoct 75%

TpeBoxKHOCT 45,8%

CamMoTa ...l 13,3%
Thra....cccooeviiinnn.. 29,2%
CTpaxX....covviiiiiiiinnnn. 25%
HecurypHocT................ 25%
IHAB....oovviei 25%

Huro egno ot mocouennte 8,3%
IMauKa...............iii, 8,3%

[IpenuMcTBa HA TUCTAITMOHHOTO OOyUeHHe
VYyeHuIuTe He CTaBaT PAHO ................ 62,5%
Y4eHeTo B KbIIM MO3BOISIBA KOMOMHUPAHETO Ha
yU€HE C UTPU UJTU IPYTH IeHHOCTH. ........ 45,8%

Pomurenure wMaT mO SiCEH TOTIEN BBPXY
yueOHUS mpoIiec. .. . ... 41,5

VYueHHIIuTe UMaT BB3MOKHOCT J1a C€ XPaHSAT TI0
3IpaBOCIIOBHO. ..41,5%

NMatr BB3MOXKHOCT Ja yd4aT KBAETO CH
7001 ¢ s 41,7%

HNMaT BB3MOKHOCT J1a MOJIy4aT ChBET,IIOMOII OT
YUUTEIIS T10 BCSKO BPEME ....envennennnnn 25%
YyeHunure TmoNydyaBaT TMOBEYe TMOJKpena u
BHUMAHUE OT POJUTEITUTE................ 20,85%

HamansBar ciiygante Ha HACUIIUE M TOPMO3 CpeJl
yueHunure ..16,7%
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AHAJIN3 HA EHEPTUMHUS IIOTEHIIMAJ HA Bb30OEHOBSIEMU EHEPTUITHA
N3TOYHUIIM B CEBEPOU3TOYEH PEI'MOH HA BbJII'APUSA

HeBena MuJieBa

ANALYSIS OF THE ENERGY POTENTIAL OF RENEWABLE ENERGY SOURCES IN THE
NORTH-EAST REGION OF BULGARIA

Nevena Mileva

Pe3rome: B myOnumkarusara e HampaBeH aHAJ W3 HAa CHEPTUHHHSA IOTEHIMAI HAa BH30OHOBAEMH CHEPTHITHU
n3toununy B CeBepou3TOYeH pervoH Ha bbarapus. M3mon3BaHeTo Ha BH30OHOBAEMH €HEPTHMIHW W3TOYHUIN
CTaBa BCce IO-HEOOXOJMMO, 32 Jia C€ MOCTUTHAT IPOMEHHTE, HEOOXOAMMH 3a CHpaBsiHE C BB3JCHCTBHETO Ha
TJI00aJTHOTO 3aTOIUIsIHE. AHATU3BT HA HOBOM3IPa/IeHUTE HHCTANay B CeBepOU3TOYHUS pernoH Ha PemyOnuka
Bboarapus 3a nepuoga 2019-2021r. noka3Ba TeHAEHIMS KbM MOBUIIABaHE HA HHCTAIMPAaHATa MOIHOCT.
Karouosu grymu: CeBepon3ToueH perHoH, Bb300HOBAEMH CHEPIHIHA H3TOYHHIIH, TII00ATHO 3aTOIIISIHE

Abstract: The publication analyzes the energy potential of renewable energy sources in the North-East region
of Bulgaria. The use of renewable energy sources is becoming increasingly necessary to achieve the changes
needed to address the effects of global warming. The analysis of the newly built installations in the North-East
region of the Republic of Bulgaria for the period 2019-2021. shows an upward trend in installed power.
Keywords: North-East region, renewable energy, global warming

1.BnBenenue

[Ipe3 mocnenHuTe TOAUHU B CBETOBEH Malad
pPa3sBUTHUETO HAa €HEPreTHKaTa € MPSKO 3acerHaTro
OT MPOMEHUTE B KJIMMATa U T'E€ONOJIUTUYECKUS
HaTUCK CBbC CBIIBTCTBALIUTE 'O MKOHOMUYECKHU
CBTPECEHMS M PETYJIALNU Ha 1as3apa.

EavH OT cexkTopuTe C KIHYOBO 3HA4YCHHE 3a
UKOHOMHMKaTa Ha Penybnuka bobarapus e

eHeprerukata. Pa3zHooOpa3uero oOT KoeTo e
CbCTaBEH EHEPruiHUs  CEKTOp, KakTo |
TPAaHCTPAHUYHUTE BPB3KU CbC  CHCEIHUTE

CTpaHH, TO NPABIT KOHKYPEHTEH Ha €HEpruilHUs
nasap B Eepomna.

Cnen 2019r. mnannemusita 3acsira CEpUO3HO
JIOCTaBKUTE Ha MPUPOAECH ra3 M BBIVIMIIA B
EBpomna. HepaBHOMEpHOTO U paszmpeneneHue,
KakTO M 0aBHOTO M TPYJHO BBH3CTAHOBSBAHE OT
Hed, B pA3IMYHUTE PErHOHM 10 CBeTa
npeapasnojara  KbM  IIpepaslpeAcisHe  Ha
eHepruiiHuTe pecypcu no cBera. CrpaHure,
KOMTO OBpP30 M CUTYPHO C€ BH3CTAaHOBSABAT MMAT
HEOOXOJUMOCTTa OT TOJIEeMH  KOJIMYECTBA
€Heprus, Karo OT CBOS CTpaHa TOBA ,,iBJICHHUE"
BOJM N0 €HEPruiiHa Kpu3a B EBponencku cbro3.
Tosa Hajara HE00X0/IMMOCTTa oT
OTIOJI30TBOPSIBaHE HA BBH30OHOBSEMHU €HEPruiHU
U3TOYHUIIM 32 3aJ0BOJIsIOBaHE JIOpU M Ha
OCHOBHHUTE HYXKIM Ha cTpaHute B EBpoma. [pyr

¢axrop, Ipepasnosarary He3a0aBHOTO
BBBEK/IaHE HAa HOBU MHcTananuu 3a BEU e BHOCa
Ha npupojeH raz or Pycus. Ilomutuyeckust
KOH(QIMKT Mexay EBpona u Pycus, HanoxeHure
CaHKIIMM ¥ HEoO0XOAMMOCTTa OT HaMHpaHe Ha
QITEpHATHBHU NBTUINA 332 JOCTaBKa  ca
OCHOBHATa NpUYMHA 33 yBEJIWYaBaHE Ha IieHATa
Ha ra3a. Bucokure LeHM Ha MPUPOJIHHUA Tra3
BOJIAIT J10 HaMaJlsiBaHE Ha Heromara ymnorpeba u

CBTBETHO IIOBUIIIABAHE TBPCEHETO Ha
QITePHATUBHU  HM3TOYHHIIM HA  CHEpIHusl.
3anexure, TOOMBBT W TMPOU3BOJCTBOTO Ha

KOHBEHILIMOHAJIHUTE FOPHUBA HE €A IOBCEMECTHO U
paBHOMEPHO pasznpeaesneHu. ETo 3amo TaxHara
ynotpeba ch3/laBa yA3BUMOCT B CTPAHUTE, KOUTO
ca JUIIEHW W CHIIHO 3aBUCHMH OT TE€XHHUS BHOC
[1].

[Ipe3 mnocnennute roauHUM B bearapus ce
U3BBPLIBA MPEXOJ OT KOHBEHIMOHAIHU KbM
BBH300HOBIEMHU N3TOYHUITH Ha EHEeprusl.
Panmonannata ymnorpeba Ha BBH30OHOBIEMUTE
€HEePruiHM W3TOYHHIIM € BaXHA 3a YCTOMYUBO
pa3BuTHE U eHepruiiHa curypHoct. OcBeH TOBa
BEW namansiBat 3aBUCMMOCTTa OT TPAJAUIMOHHU
ropuBa, MOJICUTYpSIBAT MKOHOMMYECKaA
CTAaOWJIHOCT HAa CHEPruiHUs Ta3ap U Ch3AaBaT
yCIOBUSL 32 HOBU pabOTHU MecTa. bbiarapus,
KaToO CTpaHa C OTHOCHTEIHO Mallka TePUTOPHS,
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paszmnonara ¢ 100po reorpadcko pa3nojokKeHue u
pazHooOpa3Hu pened u knumar. Te3um daxropu
ca OT CBHILECTBEHAa BAXXHOCT 3a (opMHpaHe Ha
3aracu oT Bb300OHOBSIEMH €HEPTruiHU U3TOUHUIIH.
Crpanara uma IOTEHLIMAT 3a OIOJ30TBOPSIBAHE
Ha rojisiMa 4acT OT Bb30OHOBSEMUTE €HEPTrUWHU
n3royHu. Hail-uecto ce peanusupar Malku U
JIOKAJIHW UHCTaanuu [2-4].

B nacrosimata nmyOiuKkanus € HampaBeH aHAIU3
Ha EHErMiHMs TOTEHIMal Ha BBH30OHOBIEMHUTE
eHEepruiiHi n3ToyHuLK B CeBEpOU3TOUEH PETHOH
Ha bwirapus. Pasrienanu ca gaHHUTE 3a HOBU
MHCTaJauuu 3a omnonsorBopssBaHe Ha BEN B
nepuoaa 2019-2021r.

2."zn0xxeHne
2.1.Enepeuiinu pecypcu om 6b300H06seMU
eHepauiinu usmoyHuyu 6 bvneapus

bearapus, karo crpaHa ¢ OTHOCUTEJIHO Majka
TEepUTOpHs, pasnoyiara ¢ a00po reorpadcko
pa3mnoJoXKeHne U pa3HooOpa3Hu pened U KiImMar.
Te3n ¢axTopu ca OT ChILECTBEHAa BaXXHOCT 3a
dbopMupane Ha 3amack OT BB300OHOBSICMH
eHepruiinn u3touyHuiy. Jlannute Ha HCHU 3a
nepuoga 2019-2021r. couar, 4e mbpBUYHATA
eHeprus B bbpiarapus € OTHOCUTENIHO IIOCTOSTHHA
[5]. IlbpBuuHaTta eHeprusi  IpeAcTaBisiBa
eHeprus, KosTo He € Ouia mpeoOpa3yBaHa U ce
Ch/IbpKa B KOHBEHIMOHAJIHU U BH30OHOBSEMHU
W3TOYHMLN Ha eHeprus. CeBepou3TOUEH PETHOH
uMa J1I00pU BB3MOKHOCTH 3a OCHILECTBSBAHE Ha
HOBM MHCTaJallud, KOWUTO Ja MPOU3BEXKIAT
TOIUIMHHA M  €JIEeKTpUYecKka €HEeprus  OT
BB300HOBsIEeMH U3TOYHULM. buomacara, karo
BBH300HOBSIEM EHEPrHMEeH Pecypc, 3aeMa OCHOBHA
poJis 3a 3370BOJISIBAHE HA €HEPTUMHUTE HYXIU B
paiiona. Pernona pasmosara ¢ OoraTu Ha
O6romMaca rOpCcKH, 3eMeJeJICKM U KUBOTHOBBIHU
teputopun (6mm3o 90% oT TepuTOpHATa Ha
peruona). Hail-ronemu xonudectBa CypoBHHH ce
[oJy4aBaT MpU JIbPBOA0OHBA u
bpBOIIPEpabOTKaTa, Clie]] TOBa ca OTHAAbLIUTE
OT  CEJICKOCTONAHCKUTE W  JKUBOTHOBBJIHHU
nerdHocT.  Pamumonamnara — ymoTpeba — Ha
BBH300HOBSIEMUTE CHEPTUIHHN W3TOUHUIIM € Ba)KHA
3a YCTOMYMBO PA3BUTHE U €HEPIHilHA CUTYPHOCT.
Ocsen toBa BEWM HamansBaT 3aBUCHMMOCTTa OT
TpaJuLIMOHHU TrOpHBa, MOJICUTYpSIBAT
MKOHOMHYECKACTAOUITHOCT Ha €HEePTruiHUs ma3ap
U Ch3JaBaT YCJIOBHUS 3a HOBM pabOOTHU MecCTa.
Eneprusita OT BB300OHOBSEMHM W3TOYHHUIM Ha

TEPUTOpUATA HAa bbiarapus BKIIOYBA BATHPHA,

acpoTepmMalina, CJIbHUYEBa (bOTOBOHTaI/ILIHa,
CIIBHYCBA TOIIJIMHHA, XUApOoTCpMaliHa u
reorépmMmaiHa CHEprus:, TBBpAU H TCUYHU

Onoropusa, OMOTra30Be U CMETHUIIECH ra3 [5-6].

MR o
- \;.'
s
V /a b) v

@ur.1 Bp300HOBsIEMU €HEPTUIHN U3TOYHUILIH [ 7]

2.2.Enepeutinu  pecypcu om  8b300HO85eMU
enepeutinu usmounuyu 6 Cegepousmouenpecuon

CeBepoustoueH pEeruoH Ha bobarapus
npeacrabisiBa  okosio  13% oT mimomra  Ha
cTpaHara u obxBara obnacrure Bapna, J[oOpuy,
[dymen wu TeproBume. bmuzo 60-70% ot
EHEePTUMHHUTE PECYPCH, KOUTO Ca HEOOXOIMMHU Ha
CTpaHaTa c€ BHACAT, KaTO TOJIIMa 4YacT OT TAX
BIu3aT UMEHHO Tipe3 CeBepOM3TOYEH PETUOH.
ToBa e ocHOBeH (hakTop 3a JOOPOTO pa3BUTHE HA
00ocobeHus B peruona €HEeprueH
uHbpacTpykTypeH Kkopumop. Eneprusita ot
BH300HOBSAEMH M3TOUYHUIIM HA TEPUTOPHSATA HA
CeBepon3TOu€H  pEerMoH B HAacTosIaTa
nmyOJuKaiusi BKJIOYBa Omomaca, CII'bHYEBa
€HEeprus 1 aepoTepmaiiHa eneprus [5- 6],[8-11].

Pasrpas

MosTana

Bpaua Benixo Bapra

Lywmen
Toprono
Nosey

> ra6poso
Bwnrapus Crnaen

Crapa. - —
3aropa
Nasipaie

Nnosane N
Kosamm g Xackoso__

Kupaxan

Cwvonsn

@ur. 2 CeBepoOU3TOUEH PETHOH Ha
rmanupane [12]

3.Pe3yaratu u AucCKycusi

Bp300HOBsIEMUTE €HEPruiHU HU3TOYHULIU
ca pecypc, KOMTO Ha MECTHO HHMBO MOXeE Ja
HaMaJli  3aBUCHUMOCTTA OT BHOC Ha
€HEePrOHOCHUTEIH, Ja noxoopu
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€HEProCHa0ISIBAaHETO, KakKTo |
Jla CIOMOTHE 3a OIa3BaHETO Ha OKOJIHATAa Cpeia.
Tesu pecypcu ca Bce olile HEIOCTOSHHO U
HEIOCTaThUHO M3IOJI3BAHHU.

3.1.Ananuz na npoU3800CmMEOMO Ha
enepaus om BEU npez 20192.

[Ipe3 2019r., B pernona ca ochliecTBeHU 6
HOBHWHCTAJIAIAHU 32 TIPOM3BOJICTBO HA TOIUIMHHA
EHEeprusi OT BBH30OHOBIEMHU H3TOUHHUIU. Te ca
peaM3upaHu B ChOTBETCTBHE C KPATKOCPOUYHH U
JBJITOCPOYHU OOITMHCKYU U JbPKABHU MPOTPaMH,
KakTO ¥ B CBOTBETCTBUE C JCHUCTBAIIOTO
3aKOHOJIaTeNICTBO [5-6][8]. Bw3meiictBHEeTO OT
NpuUjlaraHeTo B EKCIUIoAaTalusi Ha  Te3u
WHCTaJauuu € mpeacraBeHo B Tabmmmnal, a Ha
¢urypure no-gony (cwur. 3, ¢ur. 4, dur. 5) ca
00001IeHN rpapuvHO  pEe3yNTaTHTE oT
U3IBIIHEHUETO Ha WHCTAJIAINUTE 3a
IIpOM3BOACTBO Ha eHeprua or BEU B
CeBepoustounusi peruon Ha bearapus. Cropen
JaHHUTE 3a TIEPUOJa HWHCTAIHpPAHATa MOITHOCT
(MM) Ha uHcTamanuute 3a 6uomaca (128 kW) e
NpHUOJIM3UTEIIHO JBAa MBTH II0- TOJIIMa OT Ta3u
Ha WHCTaJlAllMUTE 3a CibHYeBa eHeprus (87,5
kW). Cnecrenure ropusa u eHeprusa (CI'E) u
cnecreute  emucun  (CE) CO2  mpu
WHCTaJIAlMUTE 32 CIIbHYEBA CHEPTHUs ca IMOBeYe.

Tabnuna 1. Ouenka Ha edekra OT HOBHUTE
uHcTananuy npe3 2019r.

Bun Bun Bpoii CE
HM3TOYHHMK | eHeprus [MHcTadamun| UM CTE CO2
kW | MWh/y tly
CipHYCBA | TOTTMHHA 3 87,5 42,77 11,52
eHeprus
buomaca | roruimHHa 3 128 33 6.63
06110 6 213,7 | 75,77 18,15
2019

® Buomaca

CnbHYeBa eHeprua

®wur.3 NHcTanupana MOIIHOCT, CIIOPET
Buna na BEU, kW

2019

42,77

¥ Brnomaca

CnbH4yeBa eHeprua

@ur.4 CriecTeHu ropuBa U eHeprus,
cupsmoBusa Ha BEU, MWh/y

[Ipu peanuszupanero Ha HOBM HWHCTaJaIWH,
oOmara HWHCTaJIMpaHa MOIITHOCT Ha
HOBOM3TPAJCHUTE HMHCTAJAlMU € B pa3Mep Ha
213,7 kW. I'ogMIIHO CHECTEHUTE EIEKTPUYECKa
U TOIUIMHHA €Heprus ca B pasmep Ha 75,77
MWh/y, a cnecrenute emucun Ha CO2 ca 61,93
t/y.

2019

¥ Bromaca

CnbHYeBa eHeprua

®wur.5 Cnecrenu emucun CO2, cipsiMo

Buja HaBEU, t/y
3.2.Ananuz Ha npouzeo0Ccmeomo Ha eHep2usi om
BEU npe3 2020e.

[Ipe3 2020r., B pernoHa ca OCBIIECTBEHU &

HOBM MHCTAJIAIlUM 3a TPOU3BOJICTBO HA TOTUIMHHA
€Heprus OT Bb300HOBAeMHM u3TOuHHUIM. Te ca
peaiu3upaHu B CbOTBETCTBUE C KPATKOCPOUYHU U
JBITOCPOYHU ABP’KAaBHU M OOIIMHCKU POTPaMH,
KaKTO M B CBOTBETCTBHE C JEWCTBAILIOTO
3aKOHOJIaTeNCTBO [5-6][9].
Bb3nelicTBUeTO OT MNOpWIAraHeT0 Ha  TE3U
WHCTaJalluK € TpejacTaBeHo B Tabmuma 2, a Ha
¢urypure no-nony (dur. 6, ¢ur. 7, dur. 8) ca
0000111eHN rpapuyHO  pe3yNTaTHTE oT
U3MbIHEHUETO Ha MHCTaJIaluUuTe 3a
pou3BOACTBO Ha eHeprus or BEMW B
CeBeponsToueH peruoH Ha brarapusi.
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Cnopen naHHUATE 3a TMepUoJa MpPUHOCA Ha
OumomacaTta KakTO 3a HHCTaJIMpaHaTa MOIIHOCT,
Taka M 3a CIECTEHUTE TOpUBAa W EHEPrus u
emucun CO2 e HAKOJIKO MBTH MO-TOJSIM OT TO3H
Ha ciabHYeBaTa eHeprus. ToBa  moKa3Ba
MOJIOXKUTETHA TEHJCHIIMS B YCBOSIBAHETO Ha
pecypcuTe Ha GrmoMaca B perHoHa.

Tabmuma 2. Ouenka Ha edeKkTa OT HOBUTE
uHctanamuu npe3 2020r.

Bun Bun Bpoii M CTE CE
M3TOYHUK eHeprus HHCTAJIALNH CO:
kW MWh/y tly
Crbiraesa TOITMHHA 3 25,6 33 21,41
eHeprus
Bromaca | TomuHHA 5 201,5 153 51,03
O6mo 8 227,1 186 72,44

25,6

® Brnomaca CnbHyesa eHeprua

®ur.6 NHcTanupana MOITHOCT, CTIOPE/T
Buna na BEU, kW

2020

u Buomaca

CnbHYeBa eHeprua

@ur.7 CnecTeHu ropusa 1 €Heprus,
cupsmoBuaa Ha BEU, MWh/y

2020

21,41

® Bromaca

CnbHYeBa eHeprua

®ur.8 Cnecrenn emucuu CO2, cupsiMo BUa HA

BEU, t/y
Ilpu peanu3upaHeTo HA HOBHU HHCTAJAIUU
obmrara WHCTaJIanpaHa MOIITHOCT Ha

HOBOM3IPAJCHUTE HMHCTAJALUMU € B pa3Mep Ha
227,1kW. 'oOquIIHO CIIECTCHHUTE eIEKTPUIecKa U
TOIIJIMHHA €Heprus ca B pasmep Ha 186 MWh/y, a
cnecrennute emucuu Ha CO» ca 72,44 tly.

3.3.Ananuz na npouzeoo0cmMeomo Ha eHepeusi Oom
BEU npe3 202 1.

IIpe3 2021r., B pernoHa ca oChIIECTBEHH 0010
S HOBM MHCTAJIALIMM 32 IPOU3BOJACTBO Ha
€JIeKTpUYeCKa M  TOIUIMHHA  €HEeprust  OT
BB300HOBSICMH CHEPTUWHW W3TOYHUIM. Te ca
peanu3upaHu B CbOTBETCTBUE C KPATKOCPOUHH U
JBJITOCPOYHU OOIIMHCKHU U TbP)KaBHU MPOTPaAMHU,

KaKTO M B CBHOTBETCTBHE C JCHCTBAIIOTO
3aKoHojaTencTBo [5-6][10].
Bo3neiicTBuero oT MIPHUJIaraHETO B

eKCIUToaTanusi Ha  Te3W  HMHCTANAlMk €
npeacraseHo B Tabnuna 3, a Ha ¢urypure mno-
nony (¢ur.9, ¢ur.10, ¢ur. 11) ca 00600meHN
rpadUuHO pe3yNTaTUTe OT M3IBIHEHUETO Ha
WHCTAJIAIIMUTE 32 TPOM3BOJICTBO HA E€HEPrUsl OT
BEMU BCeBepousroueH pernoH Ha bearapus.

Criopen AaHHUTE 3a MepUoJa WHCTAIMpaHaTa
MOIITHOCT Ha HWHCTamanuuTe 3a Ouomaca (401
kW) e MHOrOKpaTHO HaJl Ta3u HAa WHCTAJALUUTE
3a cirpHYeBa (8 kW) u aeporepmanna (35,6 kW)
eHeprus. CrieCTeHuTe roprBa U €HEprusi, KakTo 1
cnecrenure emucun CO2 ca npuOIM3UTETHO
€/IHaKBH.

[Ipu peanusupaHeTo Ha HOBM WHCTaJallWH,
oOmiara WHCTaJupaHa MOIIHOCT Ha
HOBOM3rpajZieHuTe wuHcTadauuu e 444,6 kW.
lN'oguiHO cniecTeHUTe €1eKTpUYecKa U TOIUIMHHA
eHeprusi ca B pasmep Ha 27,56 MWh/y, a
cnecrenute emucun Ha CO2 ca 22,88 t/y.
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Tabmuua 3. Ouenka Ha edekTa OT HOBUTE
uHcTajganuy 3a 2021r.

Buj M3TOYHHK Bun Bpoii UM CIr'E
eHeprust HHCTAJIANN

CE CO2

KW MWh/y tly

Crziiera eJ1.eHeprus 1 8 10 8,5
eHeprus

AeporepmanHa
eHeprus

TOIUIMHHA 1 35,6 10 8,19

Buomaca TOIUIMHHA 3 401 7,56 6,19

06mo 5 4446 27,56 22,88

2021

8 35,16

u buomaca * CnbH4YeBa eHeprua ' AepoTepmanHa eHeprua

®ur.9 NHcranupaHa MOIIHOCT, CIIOpE] BUAA Ha
BEU, kW

2021

10 10

® BMomaca » CnbHYeBa eHeprua © AepoTepManHa eHeprus

®ur.10 Criectenn ropruBa U €HEPrusi, CIPsIMO
Buga Ha BEU, MWh/y

2021

85 8,19

® buomaca * CnbHYeBa eHeprua  AepoTepmanHa eHeprua

@ur.11 Cnecrenu emucuu CO2, cipsaMo BUJia Ha
BEWN, t/y

4.A3B0oau M 3aKJII0YEHHE

[Ipe3 pasrnexgaHus MepuoJ — Haii-BHCOKaTa
HMHCTaJMpaHa MOIIHOCT 3a HOBUTE MHCTAJAIUU €
oTdueTeHa mnpe3 2021r., KbAETO MMa H3rpajcHU
o0mo 5 wHHCTATamuM, 3 OT KOHMTO 3a
MIPOU3BOJICTBO HAa €Heprus oT O6uomaca c 0010
401 kW. Haii-HuckaTa WHCTaIMpaHa MOIIHOCT 32
nepuoaa e npe3 2019r. — 213,7 kW. Haii-mHoTO
CIIECTEHU TOPUBA M €HEPrusi, KAKTO U CIIECTCHHU
emucun CO2 ca oryerenu mnpe3 2020r. (186
MWh/y), xatro ToBa ce JABDKM Ha 5-Te
peaiv3upaHu MHCTanauuud 3a Omomaca. Hait —
MaJIKO CIIECTEHH TOpHMBAa M EHEpPrusi MMa Mpe3
2021r. — 27,56 MWh/y, a Haili-MaJIKO CTIECTCHH
emucun CO; mpe3 2019r. — 18,15 t/y. AHanmu3bT
Ha HOBOM3TPAJICHUTE WHCTaJIalUN 3a
MIPOU3BOJICTBO HA CHEPIrUs OT BH30OHOBSIEMU
n3ToyHUIM B CeBepOU3TOUHMS PErHOH  Ha
Penrybnuka Bearapust 3a mepuoma 2019-2021r.
MOKa3Ba  TEHJCHIMS KbM IOBUIIABaHE Ha
WHCTallMpaHaTa MOIIHOCT, KOETO C€ ABJIKU Ha
I'BPBO MACTO HAa OMoMacara ¢ 00Ia WHCTaIupaHa
MOIIHOCT 3a mepuoaa B pasmep Ha 730,5 kW.
CrnenBariio MsCTO 3a€Ma CIbHUEBATA EHEPTHUS ChC
121,1 kWH Ha IIOCIIEIHO MSICTO € acpoTepMajiHaTa
eneprus ¢ 35,16 kW. OOmo 3a mnepuojna
WHCTaNMpaHaTa MoHocT € 885,4kW criecrenure
rOpUBa U €HEepruu ca 289,33MWh/y,a CIIECTEHUTE
emucun CO2 — 157,25 t/y. B 3akmiouenue Moxe
Jla ce KaXke, ue TpH 3ara3BaHe Ha TEHACHIUATA U
TpaBUJTHA U PAIIMOHATIHA YIIOTpeba Ha pecypcuTe
Ha OWoMacaTa W JPYrd BUJOBE BH30OHOBSEMU
eHepruitHu M3TOYHHUIN B CeBEpOM3TOUCH PETHOH
“Ma BB3MOXKHOCT J1a ce o0e3meyaT COOCTBEHUTE
CHEPTUHY HYXIU.

Jlureparypa:
1.Manonosa M. BEM noanomarar eHepruiiHara

HE3aBHCHUMOCT W ITO-HUCKUTE IICHU Ha CHEPTHsATa,
2022 (www.climateka.bg)

2.CrosnoBa M., TakeBa JI., Pa3Burme Ha
BB300OHOBSIEMUTE EHEPTUHHM TEXHOJOTUH B
boearapus, YmpaBineHue M yCTOWYMBO pa3BUTHE
3-4,2006

3.MucTuTyT 3a eHeprueH MeHWIKMBHT (EMI),
2022 (https://www.emi-bg.com/)
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7.IlporpamMa 3a HachpyaBaHE H3IMOJI3BAHETO Ha
BH300HOBSIEMH M3TOYHUIIM U OWOropuBa B
obumHa Benuku IlpecnaB 3a nepuoma 2016-
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pa3BuTHe, AHamM3 Ha M3MBIHEHUETO HA
OOLIMHCKUTE KPAaTKOCPOYHH U IBITOCPOYHU
mporpaMu 3a HachbpyaBaHE M3MOJI3BAHETO Ha
EHEprusi OT BBH30OHOBSICMH W3TOYHUIM U
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OOLIMHCKUTE KPAaTKOCPOYHH U IBITOCPOYHHU
IporpaMud 3a HachbpyaBaHE U3IOJI3BAHETO Ha
€Heprusi OT BB30OOHOBSEMU HM3TOUYHHIIM U
ouoropuBa mpe3 2020 roxMHa MO PETHOHU 32
MKOHOMUYECKO IIaHupane B bwirapus, 2021

10.AVEP - AreHuust 3a yCTOWYMBO €HEPTrUHHO
pasBuTHE, AHaIM3 Ha U3INBJIHEHUETO Ha
OOLIMHCKUTE KPAaTKOCPOYHH M JIBJITOCPOUYHHU
OporpaMHM 3a Hacbhp4YaBaHE M3IOI3BAHETO Ha
€Heprus OT Bb30OHOBSIEMH M3TOYHMLIU U
6uoropusa npe3 2021 roauHa MO PETHOHU 3a
MKOHOMMYECKO IIaHupaHe B bearapus, 2022

11.MuHHMCTEPCTBO HA €HEpPreTHKara - 3aKOH 3a
eHeprusita  OT  Bb30OHOBSIEMH  EHEPTUIHU
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VoIP KOMYTAIMOHEH HEHTHP 3A PABOTA BbB BUPTYAJIHA CPEJIA, KATO
CUCTEMA 3A IOBUINTABAHE HUBOTO HA KAYECTBO B YIIPABJIEHUETO

Tonopka I'eopruesa, lonuxka HukosioBa — CoTtupona

VoIP SWITCHING CENTER FOR WORKING IN A VIRTUAL ENVIRONMENT AS A SYSTEM
FOR RAISING THE LEVEL OF QUALITY IN MANAGEMENT

Todorka Georgieva, Donika Nikolova — Sotirova

Pe3rome: Bucriero oOpa3oBaHue ce cuuTa 3a IMyOJUYHA YCIyra, He3aBUCUMO JTAJI MHCTUTYIHATA € JbP)KaBHA WM YacTHA.
Karo takaBa, He3aBHCHMO OT €Tana Ha pa3BUTHE HA CTpaHATa, TS € U3MpaBeHa Mpe] MOCTOSHHOTO MPEIU3BUKATENICTBO, Aa
OCHT'YpH KaueCTBEHA 00pa30oBaTelIHA CUCTEMA. 3a MOCTUTAHETO U TIOBUIIIABAHETO Ha KAUYECTBOTO MOTAT J1a ObJaT MPHIIOKCHU
METO/IH, Oa3upaHu Ha MEXKITyHAPOJHH CTAHIAPTH 3a KAYECTBO B ympapiicHHeTo. OT OCHOBHO 3HAYCHHUE € BCE IMO-MacHpaHara
ynoTtpeba Ha cpelcTBa 3a 0Oy4eHHe BB BUPTyalHa cpena. Llen Ha pa3paboTkaTa € a ce MpencTaBh MOJEN 3a M3TpaKaaHe U
aIMUHUCTPUpAHE Ha cOPTyepeH KOMYTAallMOHHEH LEHTHP BBB BUPTyalHa cpena. MmesTa e ma ce mOKaxke HaAeKAHATA H
yCTOHUYMBA OT TEXHWYECKa TJeHa TOUYKa KOMOMHANINS OT HMHOBATHBHU TEXHOJIOTHH, KAKTO W HKOHOMHYCCKUTE MPEINMCTBA
Ha TO3H BHJ apXUTEKTypa Ha MpEKaTa.

KuirouoBu xymMu: BUpTyaJIHOCT, Mpexka , VoIP, kauecTBo, Buciie obpazoBanue, EFQM

Abstract: Higher education is considered a public service, regardless of whether the institution is public or private. As such,
regardless of the country's stage of development, it faces the constant challenge of providing a quality education system. To
achieve and increase quality, methods based on international quality management standards can be applied. Of fundamental
importance is the increasingly massive use of learning tools in a virtual environment. The aim of the development is to
present a model for building and administering a software switching center in a virtual environment. The idea is to show the
reliable and technically sustainable combination of innovative technologies as well as the economic advantages of this kind
of network architecture.

Keywords: network, VolP, virtual, quality, higher education, EFQM

I. IlppHIMNIKM HA HENMPEKbCHATO NMOAO0OPsABaHe
HAa OpPraHM3aliH, OPHEHTHPAH KbM cdepaTa
Ha 00pa3oBaHMETO

1.1. Mogemst EFQM (the European
Foundation for Quality Management) e
nepheKkTeH MOJeN 3a MpHlaraHe Ha MPUHITHIIA 3a
HENpeKbCHATO MOJ00psiBaHE Ha OpraHU3aluATa
[6], ATOCTEH MHCTPYMEHT 3a MOJ00psiBaHE Ha
opraHuzanusaTa, Oa3upaH Ha MNPUHLUIUTE Ha
yIpaBJIeHUE Ha Ka4eCTBOTO, MOJICPHA KOHIICTIIUS
3a YCHJIME, OPHMEHTHUPAaHO KbM HEMpPEKbCHATO
nogo0psiBaHE HAa OpraHM3alusATa B BCHYKH
acreKkTH, o0sacTh U eQeKTUTe OT HErOBUTE
onepanu [6].

Bv3 ocHoBa Ha  JauTeparypaTa  3a
CBIIECTBYBAIlM MOJENIM 332 W3MEpBaHE Ha
KayecTBOTO  Ha  BUcIIeTOo  oOpa3oBaHue,
nocraBsiHe (okycupa Bbpxy mojaena EFQM 3a
U3MEpBaHE Ha  KadyecTBOTO, KBIETO  ca
U3I0JI3BaHU KOJIMYECTBEHH METOIH 32 TIOCTHTaHEe

BB3MOKHOCTUTE 3a aJalTHpaHE Ha MOJEIU U
METOAM 3a TIOBHIIaBaHE Ha KadecTBOTO,
pa3paboTeHu u (GyHKLIHOHUpAIIU Ha
YIIPaBJIEHCKO HUBO B OM3HEC CEKTOpA.

CrparerndyeckusT XapakTep Ha Mojena
EFQM, cpueran c¢ (¢okyca My BBPXY
ONIEPATUBHUTE PE3YJITAaTH U OpPUEHTALUATA KbM
TSIX, TO MPAaBH HMJealTHATa paMKa 3a TeCTBaHE Ha
CBIJIaCyBaHOCTTA Ha amOunuure Ha
OpraHu3aliTe 32 OBICHIETO, CHIIOCTABEHU C
HEMHUTE HACTOSIIM HAaYMHU Ha paboTa M HauuH
Ha  OTrOBOp Ha  TpPEAW3BHKATEICTBA U
YYBCTBUTEITHH TOUKH.

Besika opranmzanusi, M3Moi3Baiia Mojelna
EFQM:

» Ilpusnaea, ue ne pabomu 6 ycnosusama
Ha gaxyym. ChIlleCTBYBa pa3OMpaHETO, Ye € YacT
OT TIO-TOJIsIMA, CIIO)KHA EKOCHUCTeMa, B KOSTO
JpyTd OpraHu3allH, W3BECTHM M HEIMO3HATH,
MoOraT Jia TOMOTHAT WJIA BB3MPETSATCTBAT HEWHUS

Ha ILCJIUTCEC. I/I,ZLCHTa 3a pa3rne>KﬂaHeTo Ha Hanpem,K N 4€ € B HCHUH I/IHTepeC Ja ce aHram/Ipa
06pazoBaTenHaTa cq)epa OT TIJeagHaTta TOYKa Ha u aa YBGJ'II/I'-II/I MAaKCUMAJIHO BB3MOXHOCTTA da CE
6H3H€C OpFaHI/I3aLII/IH, npe;[nonara n
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y4d OT JOOpUTE MPAKTUKH U Jla C€ PE3BUBA B
paMKHUTE Ha HeHHATa EKOCUCTEMA;

» [lpuema 6wv3modxcHocmma oOa oelcmea
Kamo uoep 6 ceosima cgpepa Ha GnusiHue, Kato ce
IBbPXKU KATo BIBXHOBEHHE 3a [JPYTHTe U
JEMOHCTPHpa KaKBO MOXXE Jia CE IOCTUTHE B
0J13a Ha OKOJTHUTE, KaKTO U Ha cede cu;

* Paszoupa, ue we ce corvckeéa
HeNnpeKvbCHAMO HApACmeawu cKopocmu u obemu
Ha npomeHu W € HeoOXxomuMo Jna Obae
MOJrOTBEHA J1a PEIBIDK/IA, aJipecupa U pearupa
1o IO TX OJTSITIT HAYWH, nprueMaiKu
NPEIU3BUKATEIICTBOTO HAa YIPABICHUETO 32 JTHEC
U B CBIIOTO BpEME, MPOTHO3UPAUKH OBACHIECTO U
rapaHTHPAKKH, Y€ € MOATOTBEHA 32 HEeTo.

ALY " .
& @s et
B

@ur. 1 Enementu Ha EBponeiickaTta Harpaja 3a
Ka4eCcTBO

Crpykrypara Ha monena EFQM (dur. 2.) ce
OCHOBaBa Ha MPOCTaTa, HO MOIIHA JIOTUKAa Ha
3a/1aBaHe Ha TPU BBHIIPOCa:

»3all0*“  CBIIECTBYBA Ta3W OpraHu3anus?
KakBa mnen wsoeiaHgBa? 3amo TOYHO Tasu
ctparerus? (Direction);

» Kak* Bp3HamepsiBa Aa U3II'BIHU CBOSITA LIENT U
ctparerus? (Execution);

,,KaKkBo* BCBHINHOCT € MOCTUTHAJIO Ha t jmara?

,»KakBo*“ Bb3HaMepsBa Jla TMOCTUTHE yTpe?
(Results).
HenTpanno Mscto B 0OOCHOBKaTa Ha Mojena
EFQM, ,red thread“ (uepBena Humka), e
Bpb3KaTa MEXIYy IIeNiTa U CTpaTerusTa Ha eaHa
OopraHu3amys W Kak TOBa C€ M3IOJI3Ba, 3a Ja i
MOMOTHE Jla CBh3/aJle YCTOMYMBA CTOMHOCT 3a
Hal-BOKHUTE CH 3aWHTEPECOBAHU CTPAaHH H Ja
MOCTUTHE M3KITFOYUTEITHU PE3YNITaTH.

STAKEHOLDER

PERCEPTIONS l

STRATEGIC &

?%
z
4
g
b
<
g
' B3
i
g
g
.

¢wur. 2 Ctpykrypa Ha EFQM

1.2. Total Quality Management (TQM) e ome
€IMH METOJ 3a MOBHIABaHE Ha KauyeCTBOTO B
opraam3arnuute. TQM Moske 1a ce 06001H KaTo
CUCTeMa 3a YIpaBJIeHHE Ha OpraHu3aus,
(doxycupaHa BBPXY KIHEHTA, KOATO BKIIOYBA
BCUYKHU CITY’KUTEIH B HENPEKbCHATO
nono6penue. Toll u3non3Ba cTpaTerus, JTaHHU U
edeKTUBHH KOMYHHUKAallMW, 3a Jla HWHTerpupa
JUCHUIUIMHATA 3a KauyecTBO B KyJTypara U
NeHOCTUTE HAa opraHu3alusaTa. MHOTo OT Te3u
KOHIICTIIMU  TPUCHCTBAT B  CHBPEMEHHHUTE
CUCTEeMHM 3a YIpaBJIIEHHE Ha KayecTBOTO,
Hacnenaui Ha TQM. 8-te mpunnuna Ha Total
Quality Management ca [¢wur.3]:

1. ®okyc BbpXy kiueHTa: KnumeHThT ompenens
HUBOTO Ha Ka4yeCTBO;

2. IlbnHO ywacTHe Ha ciyxurtenure: Bcuuku
CIIy’)KUTENIU y4acTBaT B JIEHHOCTHUTE 3a IOCTUTaHEe
Ha OOIIH 1IENIH;

3. KonuenTtpupanoct BbpXy npoueca: OcCHOBHa
gacT oT TQM e ¢oKyChT BBpPXY MPOIECHOTO
mucierne. IlponechkT € mnopeauma OT CTBIKH,
KOUTO TNpHEMaT BXOJIHH HaHHU OT JOCTaBYUIU
(BBTpELIHH UM BBHIIHK) U TH TpaHcHOpMHUpaT B
U3XOAdIa MPOAYKLHUSA, KOSTO Ce€ JO0CTaBs Ha
KJIMEHTH (BBTPEIIHU WM BHHIIHU);

4. Wurerpupana cuctema: Bbhnpexku ye enHa
OpraHu3aiysi MOXK€ Ja C€ CBhCTOM OT MHOTO
pas3nuuHy (QYHKIIMOHATHU CIEHUATHOCTH, YECTO
OpPraHU3UpPaHU BBB BEPTUKAIHO CTPYKTYpPHpaHH
OTJIeJIM, XOPWU3OHTAJIHUTE IMPOLIECH, CBBP3BALIA
te3u QyHKIMH, ca pokycsT HAa TQM;

5. Crparernduecki W CHUCTEMaTHY€H TMOAXOJ:
To3sm  mpouec,  HapeueH  CTPaTETHYECKO
IUIaHUpAaHE WM CTPATeTMYEeCcKO YIpaBliEHUE,
BKJIIOYBA (HOPMYJTUPAHETO Ha CTPATErHYECKU
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IUIaH, KOWTO HWHTErpHpa KauecTBOTO
OCHOBEH KOMIIOHEHT;

6. HermpexbcHaTo 1oj00peHme;

7. BzemaHne Ha penienus, 6a3upanu Ha GakTH;

8. Komynuxkanuu: ITo Bpeme Ha opraHu3aliMOHHH
NPOMEHH, KaKTO W KaTro 4acT OT EKEIHEBHATa
pabora, e(eKTHMBHUTE KOMYHUKALUU WIPASAT

KaTto

rojsiMa poJisi B MOJUIbPKAHETO HAa Mopayia M B
MOTHBHPAHETO HA CIYKUTEIIUTE HA BCHYKU HUBA.
KoMmyHHUKaIMKUTE BKIIOYBAT CTPATETUN, METOTU U
HAaBPEMEHHOCT.

¢wur. 3 Enementn Ha TQM

RONYHHKALAK

II. VoIP komyranmuoHeH HeHTbpP 3a padora
BbB BHPTYaJIHA cpela

Hacrosimiata pa3zpaboTka mpezsiara cb3/1aBaHETO
Ha MoJjel Ha copryepHa TenedoHHa IIEHTpaia 3a
paboTa BbB BUpTyaliHa Cpe/ia. 3a OChIICCTBABAHE

Ha KOMYHHMKAIUsiTa MEXIYy  OTIEIHUTE
BUPTyaJJHU ~ KOMIIOHEHTH Ca BbBEJIEHH B
eKCIUIOATaIHs coryepeH BUpTYaJeH
MapUIpyTU3aTop ¥ CbPBBp,  MOMIbpKAIIU

copTyepa, HEOOXOIWM 3a OCBHIINECTBIBAHE Ha
peasHM pa3sroBOPH BbB BUPTYyallHa cpeJia.

2.1. Bupryannara uHQpacTpyKkTypa € BUPTyalIHO
KOIME Ha peajiHaTa TakaBa, IpeJcTaBeHa Ha ¢. 4.

VM VM eee

Workstation/
GSX Server

Windows / Linux

x86 hardware

<

¢ur. 4 Mozaen Ha BupTyaiHa UH(GPACTPYKTypa

2.2. ApXUTeKTypa Ha MpeKaTa
2.2.1.  AsteriskNOW  PBX-
TesneOHHA IIeHTpaja
AsteriskNOW  mpencraBnsBa miatdgopma  3a
codryepHo peanusupane Ha VoIP komyHukamms,
JlaBaia Bh3MOKHOCT 32 wWeb aaMHHHCTpHUpaHe,
ocurypsBamia KadecTBO Ha O0OCIyXBaHE W
MOHHUTOPHUHT Ha CUCTEMATa.

2.2.2. Cumynaunonen mozen Ha IP tenedonna
IeHTpasia 3a paboTa BB BUPTYyaIHA Cpea
MopenbT BKIIIOYBA JIBE XapAyepHU KOMITIOTHPHHU
cuctemu ¢ VMware ESXi® wu kiueHTCKO
MPUIIOKEHNUE 33 aJMHHUCTPUpAHE Ha CHPBBPA.
duznueckaTa  Bpb3Ka ~ MEXIy ~— TAX  CE
OCBIECTBEHAa OT MapmpyTtu3atopa LevelOne
WBR- (pur. 5) [4].

codTyepHa

Vyatta supTyanes pyrep

BM 1 Windows XP BM 2 Windows XP

B\

Asterisk@10.10.1.1
Peseppupas anpec 3a
AsteriskNOW PBX
LeHTpana

Vyatta supTtyaneH pytep
10.10.1.10- agpec 3a aaMUHUCTPUPaHEe 1
DHCP cbpebp
10.10.1.1:10.10.1.9 - HayaneH m KpaeH
appeH Ha LAN

1111@10.10.1.2
Codtyepen
Tenedon X-Lite

2222@10.10.1.3
Codryeper
Tenedor X-Lite

P BHPTYATIHA CPEAA. ~

v

- Du3HUECKH pyTep = ‘
LevelOne WBR-6002

VMwareESXi@10.10.0.1
CBpBBp. Ch3AaBAI]
BHpPTYaJHA Cpefa

VMwareClient@10.10.0.2

KOH301J1a 3a YIpaBJIeHHEe

DUSHYECKA

KIiIHeHT KOMIOTBD C HHCTATHpPaHa

@ur. 5 KoMImoHEeHTH Ha MpexaTa

B wm3cnenBaHeTo ca BKJIIOYEHH BUpPTyajHATa U
peanHaTa Cpead, Karo BBB BHpTyalHarTa ca
MPE/ICTABCHU Ch3/aJICHUTE BUPTYATHU MAIIUHHA U
copTyepHH TenepoOHU C TEXHUTE aJpecu B
Mpexara.

2.2.3. MOHUTOPHUHT Ha MpeXxaTa

3a bJIEH aHaAJIM3 Ha KayeCTBOTO Ha OOCIIy)KBaHe
(QoS) ce cumemar codTyepHO — M3MpPATEHUTE
MakeTH [0 MpekaTa W TEXHUSAT pasMep.
IIpencraBenn ca pe3yinTaTd OT €IHOJHEBHO
HaOmroJieHne Ha  pabOTOCIMOCOOHOCTTa  Ha
neHrpaata (¢wur. 6).
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Traffic Monitor =

Qste

0 shiery

O veice
O Others

Traffic (Packets /Sec)
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Tame Time
Plot data

every: 1he -

Plot data every : 1 he v

Total o Max Ave
(Packets) (Packets /soc)(Packets /sec) (Packets /sec)
03 04 04

11774

®ur. 6 MOHUTOPUHT HA MpeXaTa

Peructpupann ca TIOBUKBaHHS C Pa3InIHO
Ka4eCcTBO Ha BpPh3KaTa, MOBUKBAHUS C TPEUIKU U
CpelHaTa MPOABDKUTEIIHOCT Ha IPOBEICHUTE
pasroBopu.

111 U3BO N

Pazpaborenuar moaen mpeaocTaBsi Bb3MOKHOCT
3a MPOBEXKIaHE HAa KOMYHHUKalMd Ha abOOHATH
BbB BUPTYyaJIHA CpE€la, KaTo MO TO3M HA4YMH Ce
MOBUIIABA CUTYPHOCTTA U YCTOMYMBOCTTA Ha
BpB3KuTE. Upe3 yliecHeHaTa aIMUHUCTpALUSA Ce
Ch3JlaBa  €IUH HaJeXK/IEH MOJe Ha
KOpIIOpaTUBHA MpEXKa, ChAbprKallaTa BUPTYaIHU
KOMIIOHEHTH, aHaJO3d Ha  peajHuTe, U
ocurypsaBalid IMpOU3BOAUTCIHOCTTA Ha MHOI'O
OTACIIHU KOMITIIOTBPHU CUCTEMH. Or
MKOHOMHUYECKA TJIEJHA TOYKAa CE€ OCHUTypsABa
CBMBAaHE Ha pa3XOJWTE 3a M3rpaxiaaHe U
aIMUHUCTPUPAHE.
Bb3 ochHoBa Ha cwOpanata wuHpOpMamus OT
W3CIIEIBAHMATA €  HAlPaBeH AaHAJIW3 Ha
MPOLECUTE, NMPOTUYAILMU IPU OCBHIIECTBIBAHETO
Ha pasroBop BBbB BHUPTyaJlHA cpela U €
rapaHTUPaHO HEOOXOJMMOTO  KadyecTBO Ha
obcmyxBane (QoS).
[IpenumcTBa Ha MoEena:
* llenTpanu3zupaHo aAMUHUCTPUPAHE;
* MunnmanHa 3ary0a Ha akeTu;
* HamansBane Ha pas3xoau 3a Xxapayep |
ONa3BaHE Ha OKOJIHATA CPeaa;
* H3nos3BaHe Ha pealHa KOMITFOTbPHA MpEXa;
Moxe na ce 3aKiIl04M, Y€ C HaIlpEIBAHETO Ha
TEXHOJIOTHUUTE CE€ YBCIIMYAaBaAT Bb3MOXHOCTUTC HA
KOMIIIOTBPHUTE CUCTEMH U C€ ONTUMH3UpA
M3M0J3BAaHETO HA XapIyEPHUTE UM PECYPCH.
OT rieaHa Toyka Ha CUCTEMUTE 3a MOBHILIABAHE
Ha Ka4eCTBOTO B YNPABJICHUETO HA OpPraHU3AIUU
— nyOnuuHu W OW3HEC, BHEIPSIBAHETO Ha

CUCTEMH U MOJEIH, CBBpP3aHH C OOJIAYHU
TEXHOJIOTUU U TSIXHOTO AKTUBHO IIPUIIOKEHUE, Ca
OCHOBOITOJIAraliy 3a NOCTUTaHETO HA HOBU HHMBA
Ha CBBBPIICHCTBO B OpraHU3aluUTE.
[ToBumasaneTo Ha e(eKTUBHOCTTA Ha
KOMYHHMKAIIUOHHUTE MPOLIECHU Ca CPEJl OCHOBHUTE
W3MEpPUTENIA, BIUSACIIM BBPXY  ISJIOCTHUTE
YIIPABIJICHCKHU IIPOLIECU HAa BCUYKHU HUBA.
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MPUJIOKEHUE HA IAPAMETPUYHUASA JIU3AWH B ITPOILIECA HA OITUMU3UPAHE
HA CTPYKTYPATA HA MEMBPAHATA

Axy06 OumeBcku

APPLICATION OF PARAMETRIC DESIGN IN THE PROCESS OF OPTIMIZING THE
STRUCTURE OF THE MEMBRANE

Jakub Olszewski

ﬂ)stract: The publication presents the process of creating the optimal shape of the membrane, taking into accounm

software used in parametric design. The optimized shape of the diaphragm is designed taking into account factors such as
tension and ergonomics of use. The publication focuses on shaping the architectural form, curves tension and stabilization
of the membrane shape based on algorithmization of parameters defining the research object. The aim of the publication
is to show the influence of the parameterization of the design process on the optimization of the architectural form and its
creation of aesthetic values using an algorithm. Ultimately, the searched and tested form of the membrane can be used in
seasonal constructions that act as an exhibition pavilion, a tool in the promotion-marketing process or an example of
creating a sculpture-manifesto of technology symbiosis with art. Presented publication is also an example of a structural
of the elements that can be obtained as a result of the 3D printing process.

Keywords: tensile membrane structure, parametric design, design algorithm, design optimization, modern art,
Qahitecture

Idea i koncept projektu i badan

The idea of making a membrane as an element
of the exhibition pavilion structure was born
from numerous observations of the heritage of
modernist  architecture in  Varna and
establishing cooperation with the Bulgarian
office ARCHITECTURAL SPIES, dealing not
only with architecture, but also with the
implementation of AV and VR technology.
Taking into account the rich heritage of
broadly understood modernist and postmodern
architecture in Varna, it is worth taking care of
its promotion. This is especially true of Varna's
cultural heritage, taking into account modern
times, especially in the interwar period and the
communist era. Among them you can find such
interesting examples as the Combined Heat and
Power Plant "Thermal Plant - YANKO
KOSTOV" in the south Varna zone "TEII",
the central hygienic bath known as
"Mushroom" (LleHTpannaTa XurueHsa OaHs -
"I'vbOara", or the building
"Tehnopro"TexHompo near the railway station.

LlentpannaTa xurueHHa 6auns - "I'r0ata

TexHomnpo B 6JIM30CT J10 KN raparta
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"Tomnonentpana — ,, AHKO KOCTOB" na ror
Bapuencka 3ona "TELL",

Form concept

The membrane of the discussed object is a
special element creating the architectural and
aesthetic dimension of the form, which is why
it is the main element of the considerations in
this presentation. Therefore, at the current
stage of optimization, aspects of structural
elements, i.e. columns or brackets, have been
omitted. In the optimization process, however,
the necessary tensile forces of the membrane,
which shape the form of the material, were
taken into account.

The shape of the membrane refers to the
modernist shape, which refers to the previously
mentioned  heritage of modernist and
postmodern architecture of Varna. In addition,
the inspiration in creating the form of the
membrane referred to the inseparable
connection of Varna with the Black Sea, which
is why it was decided to use a wavy shape
referring to the movement of water waves and
black color, which directly refers to the Black
Sea.

Methodology of creating the form of the
membrane

Due to the specificity of the material and the
way of creating the architectural form, it was
decided to use the environment

Grasshopper 3D, which is a parametric
modeling tool that works with Rhino. Applying
design by dragging components onto the
canvas, combining them allows for faster and
easier modification of complex elements.
Another argument in favor of using
Grasshopper 3D is also the possibility of
preliminary analysis and output optimization
allows for faster and easier components, which
allows you to better understand their

functioning. Undoubtedly, an important
element of the environment used in this
presentation is also creative freedom, which,
combined with the possibilities of analysis,
allows for a balance of artistic form with
rationalization of the economics of the project.
Methodology of creating the form of the
membrane

It was assumed that the designed membrane
will be made of a stretched material, which is
able to transfer significant tensile forces and
voltages. The initial object was a rectangle of
the material (with an undefined weave of
fabric), to which an algorithm was connected
taking into account the gravitational gravity

(Figure 1).

Fig.nr 1

Methodology of creating the form of the
membrane

Next, the points that correspond to the points
of contact with the ground (points defining the
edges of the base rectangle of the material) are
defined. In addition, the degree of bending of
the edges of the material is also defined (Fig.
No. 2).

Fig.nr 2
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Methodology of creating the form of the
membrane
The next stage was to define the suspension
points (height, distance, and tensile force),
which allows you to shape the body in 3D.
(Fig. No. 3)

Fig.nr 3

Methodology of creating the form of the
membrane

At this stage, the basic form of the membrane
was defined taking into account the basic
gravitational forces and stretching of the
membrane in the direction of the Z axis. Figure
4 presents the arrangement of functions
necessary to achieve this stage. It is worth
emphasizing that an important final element of
this system is the so-called Kangooro "Solver"
that allows you to translate all the preceding
functions into derivations based on their
graphic form.

Fig.nr 4

Membrane form optimization methodology
Form optimization began with the definition of
the structure of the material (membrane fibers).
With the help of the implemented parameters,
it is possible to determine the fibrousness of
the membrane and the concentration of fiber
thickness depending on the tensile voltage.
Figures 5,6,7 show the process of
strengthening the membrane fibers and
optimizing the form of the object.

Fig.nr 5

Fig.nr 6

IR

Fig.nr 7

Membrane form optimization methodology
In the optimization process, a point is also
defined that determines how the membrane is
stretched, which helps to pre-determine the
moment of loosening and tension of the

50
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material fibers.

Figures

8,9,10

show the

process of determining the moment of
membrane tension.

Fig.nr 8

Fig.nr 9

Fig. nr 10

Membrane form optimization methodology
The membrane with specific voltage points of
the material was again stretched in the Z axis,
adding a gradient illustrating the work of the
membrane. This allows  preliminary
determination of the critical points of the
membrane's operation (Figure 11, 12). This
process is also helpful in shaping the form of
the object due to the color emphasis of the
composition.

Fig.nr 11

Fig. nr 12

Conclusions

The presented design process, in which
parametric optimization of the form was used,
allows for a significant reduction in design
time, especially in the search for and definition
of more golden forms of objects such as
membranes. The presented methods of
modeling and studying the form in this
presentation are only basic methods of
modeling using Grasshopper algorithms.

Fig. nr 13
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Fig. nr 14

Conclusions

This presentation aimed to indicate the
methods and benefits of parametric design. The
process shown can have a very practical
application in composing membrane shapes
using 3D printing (Figure No. 14, 15). This
also shows a significant improvement in the
formation of temporary structures, such as
exhibition pavilions, used for purposes such as
the cultural heritage mentioned earlier in the
introduction.

Fig. nr 14

LCD's VULCAN Awarded Guinness World
Record for Largest 3D Printed Structure,
https://www.archdaily.com/776169/lcds-
vulcan-awarded-  guinness-world-record-for-
largest-3d-printed-

structure?ad medium=gallery

Fig. nr 15
http://www.shapeways.com/
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IMPNJIOKEHUE HA BUBPOAKYCTUYHUTE METO/U 3A AHAJIN3 HA MOHETH B
OBPBIIEHUE

ﬁopnaﬂ Bosix:xkuen

Pe3rome: B noknana ce pasriexaaT TCOPSTHYHHUTE M MPAKTUYCCKUTE OCHOBH Ha BUOPOAKyCTHYHATA JMATHOCTHKA HA
MOHETH. AHAJIM3UPA CE BIMSHUETO HA TCOMETPHUATA HA MOHETHTE HA BUOPOAKYCTUYHHUTE CUTrHATUH. OCHOBHO BHUMAaHHE
€ OTJICNICHO Ha aHAJIM3a Ha MapaMeTPUTEe Ha BUOPOAKYCTUYHHUS CUTHAIL. MaTepuanbT € MpeIHa3HAUYCH 3a CICIUATUCTH
M3y4YaBallld JUCUUIUVIMHUATE "ABTOMAaTH3MpPaHU CHCTEMHU 3a KOHTPOJ M JMArHOCTHKa Ha KauecTBOTO", "Meroau 3a
TeXHHYecKa muarHoctuka', "BubOpannoneH koHTpon'. Moxe ma Oble MOJE3eH M 3a CHENHAIHCTH B obOjacTTa Ha
Oe3pa3pyIHUTEeNHNS KOHTPOJ, KOWTO H3IION3BaT METoJda 3a IMAarHOCTHKAa Ha BHOpalHMWTe 3a JWAarHOCTHKA Ha

CBhCTOSAHHCTO HAa MOHECTHUTCE.

KoarouoBu gymu: BuOpoakycTHKa, METOIN 3a aHAIH3, BAOPOAKYCTHUEH CUTHAJ, MOHETH.

Ta6muma 1. [TapameTpu Ha U3ciIeIBaHUTE MOHETH

MOHETH Bbirapcka HapoHa GaHka KOHKpPETHA M3CJIE/IBaHa
TCXHUYCCKHU ITapaMCTPpU MOHCETa
EMHCHs | METal | TerJo | AUaMeThP rypT IBST Terao | O h
20 cr. |1999r.| cnnas, 4r. | 20,5mm |pudenosan | cpedbpuctodsut [3,95 r.| 20,55 | 1,7 mm
CuNiZn MM.
50ct. | 1999r.| cnnas, S5r. | 22,5mvm |pudenosan | cpedbpucrodsut |4,95 r.| 22,55 | 1,9 mm
CuNiZn MM.
1 e | 2002 . [prHmennpreren 7 p o 24 5 MM | Ha3bOEH Ha | BPHmeHnprerenor |6 97 ¢ | 245 | 2.0 MM
OT JKBJITA CILIAB KBIITA CILIAB U
1 BHTPEILEH KPbI| CCKTOpU BBTPENIEH KPBI OT MM
ot Osi1a cIuIaB Osi1a cruiaB
2 neBa | 2015 r. pwycomnonentia g p | 265 MM | peayBalu | AByroMuonentia 8 Q7 p | 26,6 |24 MM
MOHETa; MOHETa; BBTPELIEH
BBTPEILEH KPbr ce Ha3bpOeHU KPBI' OT CILIaB ChC MM
OT CIUIaB ChC Y TJIAJKH 3IIATHCT LBST -
37aTUCT LBST - CuNiZn, BbHIIEH
CuNiZn, BbHIICH| CCKTOpU

MomneraTa e mapue MeTall ¢ ONpeaesieHO TETIO,
MOAMKMCAHO OT 3aKOHHOTO MPAaBUTENCTBO. Beuuku
MOHETH Ca Ch3/IaJICHU C ONPECIICHH TEXHUUYECKH
XapakTepucTuku. OCBEH XMMHUYHHUSA CBhCTaB Ha
CIUJIaBTa, T€ TPsIOBA J1a OTTOBApST HA OMpPEIEIIEHO
TErno, TuamMeTsp u nedenuna. [1].

o R

®ur. 1. bwarapcka HapomHa Oanka - 20
CTOTHHKH, 1999 r.
OcHOBeH MOTHMB Ha JIMIleBaTa CTpaHa Ha

MOHeTaTa € IudpaTta Ha HOMHHAIA W TOAMHATA
Ha emucuara ,,1999”. B gonHara dact Ha
MOHETaTa € W3IHCaH TEKCTHT ,,CTOTHHKN . B
ropHata yact mo nepudepusta ca uzoOpaseHU
12-re  3Be3gu  Ha  EBpomenckus  ChblO3.

Ha oOparnara crpaHa Ha MOHeTara B LIEHTBHpA €
n300pa3eH MaapCcKUAT KOHHHK - CKaJeH pered
ot VIII Bek, a B ropHara yact no nepudepHara
OKPBXHOCT - TeKCTbT ,,bbirapus’™- ¢wur.1.

@ur. 2. bovarapcka Hapoana Oanka - 50
CTOTHHKH, 1999 .
OcHOBeH  MOTHB  HaJMIIeBaTa  CTpaHa Ha

MOHeTaTa € IMdpara Ha HOMHHAJIA ¥ TOAWHATA
Ha emucuara ,,1999”. B nosHaTta dYact Ha
MOHETHUTE € M3IHNCaH TEKCTHT ,,CTOTHHKH . B
ropHata yact mno nepudepusra ca u3oOpa3eHU
12-Te 3BE31U1 Ha EBponenckus
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cpio3.Ha oOparnara crpaHa Ha MoOHeTaTa B
HeHTbpa € u300pa3zeH MamapcKuaT KOHHHK -
ckaner pened ot VIII Bek, a B ropHaTa 4act 1o
nepudepHaTa OKPBKHOCT - TEKCTBT ,,bbarapus’-
Our. 2.

®ur. 3. bwarapcka
HapojHa 6anka — 1 Jes,
2002 r.

CTOMHOCT Ha

Ha crpanata ¢
MOHeTaTa e nudpara ,,1”, rymara
,JIEB”, rommnara Ha emucus — 2002 u ca

HOMHHAaJIHaTa

n3o0pa3eHn JBa
MIPECCUCHHU JIMHUU.
Ha npyrata ctpana Ha mMoHeTata € 00Opa3bT Ha
CB. MBan Puncku u wnHamgnucure ,,CB. lBaH
Puncku” u ,,bwirapusa” - gur. 3.

rpapuyHu  eleMeHTa  OT

" e

A N
AR X
(4 ) )

ik £ ®ur. 4. bsarapcka
N\ (m/ HapojHa OaHka — 2
- neBa, 2015 r.

Ha nuuesara ctpana Ha MOHeTaTa B LEHTbhpa Ha
BBTPELIHUS KpPBI € O00O3HaueHa HOMMHAJIHATa
cTOWHOCT ¢ nudpara ,,2“, Habpa3aeHa ¢ TUHUH.
[lo mnepudepusta ca wuszoOpaseHH TrpapuuHU
€JIEMEHTHU OT IPECEYECHU JIMHUM, PA3OJI0KEHN U
BBB BBTPEIIHUS KPBT, U 10 BHHIIIHUS PHCTEH. B
JIOJIHATa 4acT Ha MOHETaTa € M3MHCAH TEKCThHT
~JIEBA®“. bBykBuTe 3amouyBaT OT BBHHIIHHSI
NPBbCTEH M HAaBJIM3aT BBB BBTPEIIHUA KPBI.
lNonunara Ha emwmcusta, ,,2015%, e pasnonoxena
BbpPXY BBHIIHUS MPBCTEH, BASICHO OT TEKCTa
~JIEBA®.
Ha oOparnara  crpaHaHa  MoOHETaTa  BBB
BBTPEIIHUS KpBI € pas3loJIOKEH CTHIM3UpaH
o0pa3 Ha [lancuit XuneHgapcku U ca M3MHMCAHU
rogunute ,,1722 — 1773“. BbpXy BBHUIHHUS
MPBCTEH — TEKCTOBETE LJIAUCUN
XWJIEHAAPCKU u ,,bBJITAPUS - dur. 4.
MoHeTtata MOXxe Ja ce Kiacupuuupa Karo
ThHKA TUIOYA TUIOYa C Kpbria (opma - , quCK™.
MopanHusT aHanu3 MpeACTaBisiBa ONpeIessHE

Ha coOcTBeHHTe (QOpMH Ha TpenTeHE |
ChOTBETHUTE UM YECTOTH. Haii-o6m10
COOCTBEHUTE UECTOTH Ha €IHa eJlacTU4YHa

CUCTEMa CC€ OICHABAT KaToO OTHOIICHUC Ha

KopaBMHaTa W Macara. [Ipu emHakBa Qopma u
pasMepu Ha H3cieBaHUTE OOEKTU KOpaBUHATA
3aBHCH OT €JIACTHYHUTE XapPAKTEPUCTUKU (MO
Ha esactuuHocT E, koepuiuent Ha [loacoH v), a
MacaTa OT IUITbTHOCTTa Ha Marepuana p [2].

3a HacTosIMsA EKCHEPUMEHT ca H3IO0JI3BaHU
MOHETH B 00pbIIeHHe. MOHETUTE ca €AHOIBETHU
(20 ct. m 50 ct.) u nByuBeru (1 m 2 nesa),
ONMU3KM 1O CBhCTaB, pa3Mep M Terio, Tabm.l.
XBATHAT BBHIIEH NPbCTEH € u3paboTeH OT
MeleH MecuHr, JjerupaH ¢ Ni. 3a ma ce
OIpesieNIAT COOCTBEHUTE YECTOTH, MOHETUTE Ce
MOCTAaBAT BbPXY €NIACTHYHU HUIIKH U C€ YAPSAT C
UMITYJICEH 4yK. 3BYKOBUAT CHUTHAJ, 3allUCaH C
MOMOIITa HAa MHUKPOPOH, ce o0paboTBa OT
KOMIIIOTBP U C€ NPEeACTaBs KaTO aMIUIUTYAHO-
yectoTeH cnekrsp. IlomyuyaBar ce coOcTBeHM
yecToTd Ha MoHetuTe. Ha Oaszara Ha Te3u
pe3yiTaTi ce M3YUCIABAT CpelHaTa CTOMHOCT U
CTaH/AapTHOTO OTKJIOHeHue. ChbriacHo o010TO
IpaBUIo, Y€ COOCTBEHUTE YECTOTH C€ ONPEAEIAT
OT CHOTHOIICHUETO TBBPAOCT KbM Maca, MOXKe Ja
ce TOTBBPAM, Y€ MOHeTaTta ¢ Hai-rojasma
nebenuHa MMa Hail-BUCOK HAabOp OT cOOCTBEHU
YEeCTOTU-KOETO € YCTAaHOBEHO OT I0J00HU
n3cnenaBanusi|3].

[Ipu wu3cnenBaHe Ha MOHETHM CTOM BBIIpOCA
Jamyd  ca aBTEHTHYHH. KakTo aHanm3bT Ha
TeOMETpHATa, HAAMMCUTE, TEIrJIOTO, Pa3MEpHTE,
Taka ¥ XUMUYECKHUS ChCTaB - TPU CHBPEMEHHOTO
HUBO Ha TEXHUKM Ha (anmmudunupaHe - He
Morar Jaa ObgaT HM3IUI0 TOYHH KPUTEPUH 3a
aBTeHTH4YHOCT. Korato ce npaBu ¢ uen npojaxoa
kato ¢ammudukar Ha MOHETa, OOMKHOBEHHO U
rpaMaxka U marepuana ca uaeHtuunu[4]. U tyx
MHOTO MoraTt hit:} ce TPUIOXKAT
BUOPOAKYCTUYHHUTE METOH.

Kak BnussaT Marepuana W TeoMeTpHATa Ha
JeTailila Ha  BUOpPOAKYCTHMYHHUS  CHTHau?
EcrectBenara dectora Ha JaneH O0OEKT e
YHUKaJHa 32 BCEKM OOEKT, KaKTO HPBCTOBUST
OTIIEYaTHK 32 YOBEK. AHAIM3UPAHETO HA TBHPIU
BEIIECTBA Ype3 M3MepBaHe Ha YeCcToTa WU
PE30HAHC Ha aKyCTUYHHU BBIHU MOXKE J1a TECTBA U
MpOBEpsIBa ABTEHTHMYHOCTTa HAa OOEKTH C BHCOKA
CTOHHOCT 4Ype3 OIICHKa Ha TEXHHUTE €CTECTBEHH
YecTOTH M BAIUJUPAHETO UM CIPSIMO
MPEIBAPUTEIIHO CHhXpPaHEHU pePEepeHTHH TaHHU
[5]. OcHOBHUTE MOMEHTH Ca KakBa anaparypa Ja
ce W3MOJ3Ba W Ch3JaBaHe Ha 0a3a JaHHU dYpe3
KOSITO /14 C€ OIICHABAT M3CIICABAHUTE OOCKTH.
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Ha ¢ur. 5 e mokasana cxemara Ha ONHTHATa
YCTaHOBKM, U3II0JI3BAaHU 3a BUOpOaKycTHYEH
aHaJIM3 Ha Marepuaia Ha MoHetute (o [6] ).

@ur.5. OnuTHa yCTaHOBKA, U3I0J3BaHA 3a
U3MEpBaHe Ha PE30HAHCHUTE aKyCTHUYHU YECTOTH
Ha MOHETH [6]

a 0 B
¢ur.8. 3Byk  BBpPXY [JbpBeHa OCHOBa (a)

Kak BiHfc reoMeTpusTa Ha o6ekTa Bbpxy ma Kepamika(6) m meran(s) Ha monera ot 50 cr.

BUOpoakycTnuHusi curHan? Jlopy wu  1mpu
CUMETPUYHHU OOEKTH, KAKBUTO Ca MOHETUTE, UMa
TakoBa BiusgHUE. [IpoMsiHa Ha no3uuusATa Ha
MOHETaTa IIpU aHaJIn3-3aBbpTaHe Ha 45 rpagyca
(¢ur. 6) mpeaU3BUKBAT U MPOMSHA B YECTOTATa
mexay S u 30 Hz [7].

a 0 B
¢ur.9. 3Byk BBPXY IBbpBEHa OCHOBa (a)
@ur. 6. Ilo3uiust Ha MOHETaTa MPU aHATN3A: kepamuka(0) u metasn(B) Ha MOHeTa OT 1 JieB.

yenosuu  0° ; wna 45° 3aBpprane [7]

B
¢ur.7. 3ByKk  BBPXY JObpBeHa OCHOBa (a),
kepamuka(6) u meran(s) Ha MoHeTa OT 20 CT.

B
¢ur.10. 3Byk BBpPXY ObpBEHa OCHOBa (a)
kepamuka(0) u MeTasn(B) Ha MOHETa OT 2 JieBa.

N3BECTHUA HA CBIO3A HA YYEHUTE — BAPHA 1°2022

3

b

B

55



CEPUA “TEXHUYECKU HAYKW”

ISSN 1310-5833

Kakto ce Bmkaa OT IMOKa3aHWUTE 3alllCH Ha
BUOpOaKyCTHKaTta Ha H3CIEJABAHUTE MOHETH
(pur.7, ¢ur.8, ¢ur.9 m ¢ur.10) or romsamMo
3HAQUEHWE € W BHJa Ha OCHOBara Ha
NPOBEXKIAHUTE  W3MEPBaHUS —  KOETO €
HEOOXO0MMO M0 TIOAPOOHO Ja Ce U3CIIeBA.

B 3akmodenne MoxkeM na 0000IIMM, Ye aKo
UCKaMe Ja HalpaBHM OIICHKA 32 aBTCHTUYHOCT
Ha MOHETH, TpsAOBa Ja Ce€ CTUMYJIUpAT
€CTECTBEHUTE YECTOTH Ha TCCTBAHHTE MOHETH U
CJIe]l TOBa Ja Ce CpaBHABAT ¢ pedepeHTeH HAbOp
OT JaHHW, 3a Ja Cce TOTBbPIU TsIXHATa
ABTEHTHYHOCT.
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VISUALIZATION AND SIMULATION OF THE BULGARIAN DEMONSTRATION SITES
FOR THE PROJECT BIM-SPEED VIA VIRTUAL AND AUGMENTED REALITY

Nadya Stamatova

BU3YAJIM3ALINA 1 CUMYJIALIUA HA BBJITAPCKUTE AEMOHCTPAITMOHHU OBEKTH
3A ITIPOEKTA BUM-CIIMU /I YPE3 BUPTYAJIHA 1 AYITMEHTHUPAHA PEAJIHOCT

Hans CramaroBa

/ Abstract: The presented publication unveils the work of the Bulgarian partner Architectural Spies EOODm

HORIZON2020 project BIM-SPEED at visualizations and simulations of the Bulgarian demonstration sites via the
technologies of the Virtual Reality and Augmented Reality (incl. Mixed Reality).

Keywords: Extended Reality, Augmented Reality, Mixed Reality, Virtual Reality, XR, AR, MR, VR, Building
Information Model, BIM, Photogrametric model, Thermo-photogrammetric model, Mobile AR, Off- site MR
simulation, On-site MR simulation, Oculus Quest 2, Microsoft HoloLens 2, image recognition, 3D objects recognition,
3D targets recognition

Pe3tome: [IpencraBenara myOnukanus pa3kprBa padoTara Ha OBJITapCKUs MapTHHOP ApKuTekybphi craiic EOO/]
B mnpoekta no XOPU3OHT2020 BUM-CIIMMJ] no Bu3yanmsalmaTa H CHMYJALMATA HAa OBJIrapcKuTe
JIEMOHCTPAIIMOHHH OOEKTH MOCPEACTBOM TEXHOJIOTMUTE 32 BUPTyallHA PEAHOCT M JIONMBJIHEHA PeajHOCT (BKIL
CMeceHa PeajHoCT).

Kiro4oBu aymu: pasimmipeHa peasHOCT, ayTMEHTHpaHa PeajHOCT, JOIbJIHEHAa PEajHOCT, HACI0XKEeHa peasHoCT,
CMECEeHa peasHoCT, BUpTyaimHa pearxHoct, XR, AR, MR, VR, mudpos crpamen moxmen, BIM, dortorpamerpuueH
Mozen, TepMo-oTorpamerpudeH mozaen, mMoommHa AR, ormaneuena MR cumymamus, MR cumynanus Ha MsCTO,

@us Quest 2, Microsoft HoloLens 2, pasnozHaBaHe Ha H300pakeHUs, pa3o3HaBaHe Ha TPUMEPHH 00CKTH /

The presented publication unveils the work of
the Bulgarian partner Architectural Spies EOOD
[1] in the HORIZON 2020 project BIM-SPEED
[2] at the visualizations and simulations of the
Bulgarian demonstration sites via the
technologies of the Virtual Reality (VR) and
Augmented Reality (AR), incl. the technology of
the Mixed Reality (MR). The local demonstraton
sites were:

1. DEMO VARNA: demonstration site in the city
of Varna, a cultural heritage 2 storey building at
the north-east corner of the crossroad of the
streets Dragoman and Bdin, address 28,
Dragoman str. / 13, Bdin str., built in the years
following 1912 (Fig.1) [3], [4].

2. DEMO MALKO TARNOVO: demonstration  Fig.1 Comparison of the facades of the building
site in the town of Malko Tarnovo, the so called before and after renovation (cultural heritage
building "Baza Veleka", a 3 storey municipal project nomination 2019)
dormitory, built with prefabricated reinforced

conrete elements in 1982 (Fig.2, Fig.3) [3], [5].
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Fig.4 Mobile AR at demo site M.Tarnovo [7]
Fig.5 Mobile AR at demo site Varna [§]
3. MR application with dual use (on-site and off-

site) for renovation scenarios simulations via
holographic twinning (Fig.6) [9];

Fig.3 Dormitory in M.Tarnovo — S/W view

Information about the specifics of different kinds
of the Extended Reality technologies (VR, AR,
MR) used in the project BIM-SPEED could be
obtained from our previous publication [4], as
well from the video [6] from the workshop
organized by the Architects' Council of Europe
(ACE) for the Chamber of Architects in Greece
in the frames of the project BIM-SPEED. In the
emerging of the XR technologies the MR was
considered as a separate type of XR but recently
the worldwide community of the XR creators
considers it as a high-level AR.

There were developed the following XR
solutions for the Bulgarian demonstration sites:

4. MR simulations of building renovation

L. AR/MR DEMONSTRATIONS: scenarios for demo Malko Tarnovo via small-
scale holograms and scale 1:1 photogrammetric
1. On-site mobile AR application for demo site model of the interior before renovation
Malko Tarnovo (Fig.4) [7]; (Fig.7)[10];
5. Off-site MR application for demo Varna via

2. Mobile AR demonstration of the past condition ~small-scale  holograms  of  the thermal,
Of a renovated house - Cultural heritage. photogrammetrlc and BIM mOdelS and m Scale

Presentation of on-site surveys before and after 1:1 of the interior before renovation (Fig.8) [11];
renovation, demo site Varna (Fig.5) [8];
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2. VR application for the project for renovation
for demo site Malko Tarnovo via device Oculus
Quest 2 with controllers (Fig.14);

3. VR application for demonstration of the demo
site Varna via device Oculus Quest 2 with
handtracking (Fig,11) [14]

4. Application for VR Box + smartphone for

Fig.7 MR demo site Malko Tarnovo small to real demo Vamna (Fig.12) [15];

scale with HoloLens 2 [10]

5. Web VR application, universal viewer for
demo site Varna (Fig.15) [16];

6. Web VR application, universal viewer for
demo site Malko Tarnovo.

Fig.10 VR with Oculus Quest 2 with hand
tracking, demosite Malko Tarnovo [13]

7

Fig.8 MR demo site Varna small to real scale
with HoloLens 2 [11]

Fig.9 MR walkthrough with HoloLens 2, demo
site Malko Tarnovo [12]

6. On-site MR application with a target
recognition of demo Malko Tarnovo, presenting
in a real scale 1:1 the project for renovation

(Fig.9) [12];

7. Desktop AR demonstration of BIM, Fig.11 VR with Oculus Quest 2 with
photogrammetric and thermal models of demo handtracking, demosite Varna [14]
site Varna with anaglyph glasses (Fig.13);

Fig.12 VR Box+smarthpone, demo Varna [15]
II. VR DEMONSTRATIONS:

1.VR application for the project for renovation
for demo site Malko Tarnovo via device Oculus
Quest 2 with hand tracking (Fig.10) [13];
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Fig.13 Desktop AR with anagliph glasses, demo
Varna

Fig.14 VR with Oculus Quest 2 with controllers,
demo Malko Tarnovo

{ENSOR TS SENSOR 6 MAX | MIN
R 1006.19__|1003.78
T \ =Ry a4 — D368

1148907996

2 (IR

1073452060

Fig.15 Universal 3D viewer, used for
visualization of sensors' data [16]

In the years following the work on the project
BIM-SPEED, Architectural Spies contemplates
its efforts rather to a low-cost and user-friendly
mobile AR applications and high-level MR
solutions than VR. The reason for the first
conclusion is the enormous spread of mobile
devices worldwide and the relative simplicity of
the production of this type of applications. The
second solutions is based on the conclusion that
due to the project BIM-SPEED the company has
already positioned itself among the leaders in
developing MR applications for the AEC
industry [17].

The work on the visualization and simulation of
the Bulgarian demonstration sites via Extended
Reality technology could be considered an
authentic approach in the frames of the project
Harmonised Building Information Speedway for
Energy-Efficient Renovation BIM-SPEED [2].
This project has received funding from the
European Union's Horizon 2020 research and
innovation programme under grant agreement
No.820553.
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BJIUSHUE HA IIPOITYJICUBHUTE TAPAMETPU BbPXY EHEPTUMHATA
EOPEKTUBHOCT HA CYXOTOBAPEH KOPADB

B.A.ﬁopnaHOB

INFLUENCE OF PROPULSION PARAMETERS ON THE ENERGY EFFICIENCY OF A BULK
CARRIER

V. A.Yordanov

Pe3tome: B noknana ce pasriiexxaa eHepruiiHata e)eKTUBHOCT Ha CYyXOTOBapeH Kopad 4pe3 KOHCTPYKTUBHHS MHAEKC
EEDI (Energy Efficiency Design Index) u BnusHuero Ha npomyicuBHUTe napamerpu Bbpxy EEDI.

KarouoBu gymu: xopal, eHepruiiHa e()eKTHBHOT, IIPOITYJICHBHH ITapaMeTpH.

Abstract: This paper deals with energy efficiency of a bulk carrier through the index EEDI (Energy Efficiency Design

Index) and the influence of propulsion parameters on EEDI.

Keywords: bulk carrier, energy efficiency, propulsion parameters

1.BnBegenue

IIpu npoexkTupaHe Ha eHepreTH4yHara ypenda
Ha KopaOuTe ce ompenens W KOHCTPYKTUBHUS
UHJIEKC 3a €HepruifHa e(eKTUBHOCT Ha Kopala -
EEDI (Energy Efficiency Design Index).
WNnnexkcwbT 3a eHepruiiHa epextuBHocT EEDI e
BBBEIEH  OT  MEXIyHapoJHaTa  MOpCKa
opranuzaiuss (IMO) or 1 smyapu 2013r. 3a
HOpMHpaHEe Ha EMHUCHHTE Ha TPOM3BEKIAHUTE
NapHUKOBM Ta30Be 3a HOBUTE KOpaOM Haj
400GT. MunekchT naBa OlleHKA Ha €HepruiiHaTta
e(peKTUBHOCT Ha Kopaba, Karo OTHOIIEHUE
MeXJy Mpou3BeaeHuTe oT kKopaba emucuu CO>
KbM CBOTBETHO U3BBpIICHATAa TPaHCIOPTHA

N3uncnenusr 3a kopaba unaekc (Attained EEDI)
TpsiOBa Ja ObJe MO-MaIbK WM pPaBEH Ha
MaKCUMalHO jaomyctuMara ctoiHocT (Required
EEDI) 3a onpenenenust TMm U pazmMep KOHKpETEH
kopab. B oOmms cioywait emucuute CO2
BKJIIOYBAT TEHEpUpPAHUTE OT TJIABHUTE U
CIIOMAraTejHUTe JBUTaTEIN €MHUCUU HaMaJIeHU C
€BEHTYaJIHO W3TOJI3BaHU WHOBAaTUBHU
TEXHOJIOTHH 32 PeAylpaHe Ha IPOIYJICUBHUTE U
€JIEKTPUYECKH MOIIIHOCTH Ha Kopaba. OCHOBHUTE
reHepupann emucun Ha CO; ca emMucuure OT
raBHUsg JBuraren (main engine — ME) wu
cproTBeTHUS MHAEKC EEDI ce ompenens kakro
cienBa:

pabora [1, 2] ot xopaba npu 75% HaTOBapBaHe ) EEDI (PysCrmsSFCyg)
Ha riasaus gsureren (I'JI) mo mommocrt, g- (2) " fi-fy -Capacity. vyer- fir
CO»/(t.nm):
o KBJIETO:
(1) EED] — (€O, Emission ) - PME=0,75. NMP - momnoct Ha I'J] npu
Ttansport Work 75% ot mMomHocTTa NMP;
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- SFCME , g/(kW.h) — cneuuduuen pa3xong Ha
ropuBo /CPI'/ na I'l mpu 75% NMP ;

- CF - koeduuuent Ha renepupane Ha CO2 ot [']]
(t-CO»)/(t-Fuel), xoiTo 3a pa3IUYHUTE BHUIOBE
ropuBa e:

Cr

TOPVBO | 1160 CO,/ton ropuso]
AN3enoso
e 3,15104

TEXKO

. 3,144
npupoaeH 2,7500
ras

Tabmn.1. CroitHoctn Ha Cr 32 pa3IUYHUTE
BUJIOBE FOpUBA

- Capacity [t] - npoekten nenyeiit (DWT) nHa
Kopaba, OCBEH MbTHHYECKUTE;

- fi - Capacity KoepUIIMEHT, OTYHUTAIIL
TEXHHYECKA W PEryJaTOPHU OTpPaHWYCHUS Ha
TOBAPOIIOIEMHOCTTA Ha Kopaoa;

- 1] - xopurumpam KoepHUIMEHT, OTUYUTAIL]
crenu(UYHM eIeMEHTH OT IPOCKTa Ha Kopaba;

- fw - Oe3pasMepeH KOCQHUIMEHT, OTYUTAIL
HaMaJISIBAaHETO HA CKOPOCTTa B MOPCKH YCJIOBUS
(OTHOCHO BHUCOYHMHA U 4YECTOTAa Ha BBJIHUTC U
CKOpOCT Ha BATHPA);

- vref - mpoekTHa ckopocT Ha Kopaba mpu 75%

OT MOIIHOCTTA NMP wu npu rasene,
ChOTBETCTBYBAII0O HAa MPOCKTHUS  JIEAyEUT
Capacity.

- Vref - npoektHa ckopocT Ha Kopaba npu PME
W TIpH Ta3eHe, choTBeTcTBamlo Ha Capacity.
2. TlapameTpu Ha CyXOTOBapHHUS KOpad mu
NMPOMYJICHBHATA ypaada

CyxotoBapHusT kopad e c¢ mexnyeut 44000 T
(dwur.1.), nBynanyOeH, €THOBHHTOB, UMa BHUHT C
¢ukcupana kpadka, ¢ 10T U 0ak, Oyn6ooOpaseH
HOC, TpaHIleBa KbpMa C 5 TOBapHH TpHOMa 3a
MPEBO3 HA TCHEPATHH, TE)KKH M HACUITHH TOBapH.
KumuiHUTe MOMEIICHUs, XOJOBHAT MOCTUK H
MAIIMHHOTO OTJACJICHHE Cca pa3MoJIOKEHH B
KbpPMOBaTa 4YacT. ajdyOCH, €JHOBHHTOB C II€T
ToBapHH TproMa. (OCHOBHUTE TNapaMeTpH Ha
Kopaba ca 1mokazaHu B Ta0J1.2.

il » 1 * * !
 (xzas ] | ?
'a.u"__x‘f_'f: - i = . ot - f
A= .= : | L | g 2o
4 ¥ 'ﬁ}‘i‘_" —— e e -3 .

@ur.1. O6m Bug Ha 44000 tdw cyxoToBapeH Kopad

ITapamersp

CroiHOCT

1. MakcumaliHa JIbJDKUHA:

2. JIbJDKHHA 110 BOJIOJHHUSATA:

4. lllupoynna:

5. Bucouuna na 6opna:

6. I'azene:

7. KoeduuueHT Ha 0o0L1a IbJIHOTA:
8. CkopocT Ha kopaba:

9. [enyeiit:

10. JlasieynHa Ha rIaBaHe:

3. JIb/DKMHA MKy NepleHANKYISIpUTE:

Lmax =186,45 m

Lwl =1814m
Li1=177Tm
B=30 m
Héopra =16,20 m
T=11,79 m
Cb (6) = 0,802
Vs=13 kn

DW =44000 tdw
L= 12000 mumm

Ta6:n.2. OCHOBHU MapaMeTpy Ha CyXOTOBapHUs Kopad
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Power, kW
%x1,000 KIBME7
100
80 S » ‘ . KIBME-C7
60
KBOME-C9
40 | soomecs
SBOME-C9
S8OME-C8
S7TOME-C8 L70ME-C8
20 | GeoMmE-CO LBOME-C8
GBOME-C9 "
5-73'3? -gg 2233533/350%88
10-] sesmecs S46ME-B8
g | SeOMECe/seomE 88 = - S40ME-BY
6 -| csome-B9 = o= S35ME-B9
{ GésME-BY . —-——r:
4
NPD
9
5= L L B L L L L L T Speed
50 60 70 80 90 100 110 120 130 140 150 160 170 r/min

®ur.2. KoHTpakTHU MOIIHOCTHH IOJIETa HA TJIaBHU

nsuratean MAN Diesel u 3aBucumocrra Ha Npp

0T o0opoTuTe

Dopt, mm;Npp, KW Np
+07
7000 CN ,/'D
\ W; 0,6
6500 \\D " 05
opt, mm T0O
6000 P 8t
&
— Npp, KW = TO3
5000 - |
/ I T 0,2
4500 =+ 0,1
4000 — - WTPW |,
60 70 80 90 100 110 120 130 140 150 160 170

@ur.3. 3aBucumoct Ha Npp , 1uamerbpa HHa BUHTA (Dopt)
Y TIPOMYJICUBHUS K.11.J1. (1\D) OT 000POTUTE

BapuaHt Ne1 Ne2 Ne3
Tun Ha IO |5G45ME-C9.5| 5S46ME-B9.5 [ 6S40ME-C9.5
Npp , KW 4756,96 5023,28 5277,31
n, r/min 100 120 140
Bemu- | Pasmep- Bap.Nel Bap.Ne2 Bap.Ne3
UHHA HOCT 5G45ME-| 5S46ME-| 6S40ME-
C9.5 B8.5 C9.5
Nae Kw 6078,34 6418,63 6743,23
Narpos % 87,4582 93,023 99,019
nve r/min | 102,64 123,21 143,99
NMPYH % 92,47 95,517 98,628

Ta6n.3. [Mapamerpu Ha Bapuanture ['J] MAN Diesel
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Heo6xonumata morpebna wmomHuoct (NPD) CworBetHute BB3MOXKHHM Bapuantd [/l MAN
Ha  rpeOHMs ~ BHHT 3a TmpeojmossiBaHe Ha Diesel ca mnpuBegerm B Tabm. 3, Kkato
cernporBieHnero (R=489 kN) Ha kopaba B mapaMeTpuTe UM ca ONPEACICHH ChIVIACHO

3aBUCUMOCT oT obopotute Ha ['J] € moka3ana Ha mponenaypara ot pur.4 3, 4, 5].
¢ur.2 u ¢ur.3.

Power, % af L,

100% L,
N MP,

dNyp

Engine margin
(SP=90% of MP)

Sea margin
(15% of PD)

Engine speed, % of L,
{n
100%

@wur.4. IIpouenypa 3a onpenensne Ha kontpaktaara T.MP 3a '/l MAN Diesel

Engine: 6S40ME-C9.5 Step 3/9
—— CEAS Engine Calculations
(") 116810
z
= 3 125460
13 5190
3
o
4140
L4
m Speed [rpm] 146
SMCR Speed SMCR Power Nom. Cont. Rating (NCR)
1440 fromi 67434\ (W] 100.00 [%]
[111.0 - 146.0) [5.384-6,718] [50.0 - 100.0)
Waming
A Power is outside allowed range of : 5384-6718 (kW]
Step 39 Restart Previous Next

@ur.5. Onpenensue Ha Nvp 3a BapuanT 3 upe3 CEAS Engine Calculations.

OsnauenusTa Ha ¢ur.4 ca ciegHure: 2 - o0pachil KOpIyc M JIOIMIO Bpeme; 6 - Jeka
TeXKa BUHTOBA XapaKTepPUCTHKAa — IMpHU IpanaB, BHHTOBA XapaKTEPUCTHKA — MPU
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4UCT KOpIyc U Tuxo Bpeme; PD - mpoekrtHa
TOYKa Ha TpeOHus BuUHT, PD' - anTepHaTuBHA
npoekTHa Touka Ha I'B; HR — Heavy Running
Wi T.H. 3amac no obopotu ( 3 — 7% ) ; LR —
Light Running mnu oyiekoTsiBaHE HAa BHHTOBATa
xapakrepuctuka; SP - Continuous service rating
for propulsion unu ekcmoaranmonsa Touka; MP
- Specified MCR for propulsion uin KOHTpakTHa
TOYKa ; engine margin - JABUraTejeH 3amac ; sea
margin - MOpcku 3amac; N, n - MOUIHOCT U
obopotu Ha I'J] B moraputmuueH mamad; MPx —
TOYKa Ha rpaHuyHara JuHus LI-L3 npu
obopotute B T.MP; dNmp — 3amac Ha MOIITHOCTTA
Nmp 1o rpanmunara jguHuss L1-L3 (dNwmp>0 )
[4,5]. Ilpunaraiiku nporpamara Ha MAN Diesel
CEAS Engine Calculations 3a omnpenensHe Ha
napamerpure Ha Touka MP ce ycraHoBsiBa, ue 3a
Bapuant 3 (pur. 1) Touka MP e u3BBH
quarpamara, mopajayd KOeTo BapuaHT 3 oTmazaa oT
HOCJIEABAILO pa3IiIeKIaHe.

3. Onpenesisine HA MHJEKCA 32 eHepruiiHa
epekTUBHOCT Ha Kopada

Nunexkcer EEDI 3a enepruiitHa e€eKTHBHOCT
Ha Kopaba, oIpesiesiMe KaTo OTHOLLIEHUE MEXIY
npousBenenute emucun COz ot 'l (mpu 75%
HATOBapBaHE) KbM CHOTBETHO M3BBHpIICHATA
TpaHCIIOPTHA paboTa OT Kopaoda.

U3BBbpIIBAME

(3) EEDI,ppy =

(4) EEDI, ;.2 =

OnpenensiHeTo

Ha
pu

IBaTa

EEDI

(g-CO»)/(t.nm)
BapuaHTa  Ha
komruiektamus Ha I'J] - BapuanT Nel u Ne2:

(PMEICFME‘SFCMEI)

fi-f; -Capacity. vyg;. fy
(Prg2 Crus SFCygz)

, KbIIETO:
Pver 1 Pum2

fi-f; -Capacity. vyes. fiy

- momHocT Ha ['Jl mpu 75%

HaToBapBaHe 3a BapuaHTh Nel u Ne2 (ri1. Tabmn.4);

SFCmeEr w©

SFCwme2

cnenn(uYeH pazxoJ Ha TOPHUBO
BapuanTu Nel u No2 (ru1. Tabmn.4);

Crme=3,1144 (t-CO2)/(t-Fuel) - xoeduuunent
Ha renepupane Ha CO2 ot '/l 3a TexKo ropuso;

vier=13 knot - mpoekTHa ckopocT Ha Kopaba
nipu 75% oT MomtHocTTa NMmp |
fi, fj , fw xopurupamu koeuIIMEHTH PaBHU Ha
SIMHHIIA.

VARIANT N91 ¢ '] 5G45ME-B9.5
ISO ambient conditions (ambient air: 25 °C, scavenge air coolant: 25 °C)

Load Power Speed SFOC
% SMCR kW r/min g/kWh

Exh. gas
kgls

]
Exh. gaosc

100 6,078 102.0
95 5774 100.3
90 5,470 98.5
85 5,166 96.6
80 4,862 94.7
75 4,559 92.7

169.0
167.7
166.7
165.8
165.2
164.8

12.7
12.3
11.9
11.4
10.9

10.4

245
238
232
228
225
224

Pygs= 4559 kW  SFC e, = 164,8 g/kWh

VARIANT N92 ¢ I'[] 5546ME-B8.5
ISO ambient conditions (ambient air: 25 °C, scavenge air coolant: 25 °C)

Load Power Speed SFOC Exh. gas Exh. gas)

% SMCR kW r/min g/kWh s °C
100 6,419 123.0 170.0 48 242

95 6,098 120.9 168.7 235

90 5777 118.8 167.8 229

85 5,456 116.5 167.1 225

80 5,135 114.2 166.9 12.7 222

75 4,814 111.8 166.8 12 221

Pygo=4814kW  SFC,,c,= 166,8 g/kWh

Ta6n.4. [Tapamerpu Ha Bapuantute I'J] B 3aBUCUMOCT OT HATOBAPBAHETO

[lonydyenure  pe3ynTaTd 3a  HU3UUCIICHUS

KOHCTPYKTUBEH

HHJIEKC

3a

CHOTBETHHST
3a I'J 3a

€HepruiiHa
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€()eKTUBHOCT
CO»)/(t.nm) ca ciaeaHUTE:

(5)
(6)

Ha Kopaba

EEDI,,,, = 4,0906
EEDI, ., = 4,3720

EEDI,

(g

W3uckBanara ponycruma croitHoct Ha EEDI
(Required EEDI) 3a noBute kopabu ce omnpeaens

KakTo cnensa [1,2, 6]:

(7

Required EEDI=(1 — X/100).a.b™°

, kprieto : X=20 - penyuupain (HakTop ChIrIIacCHO
tabnuia 5; a,b, ¢ — mapameTpu Ha peepeHTHUTE
KpUBH, OIpEICIICHN Ype3 PErpEeCHOHCH aHaIH3
3a OT/ETTHUTE TUIIOBE KOPaOU ChIIACHO

tabmuna 6 (a=961,79, b=DWT, ¢=0,477).

Applicable Ship Types and Reduction Factors (in %)

Phase 0 Phase 1 Phase 2 Phase 3
Ship'[’yne Size 1Jan 2013 - 1jan 2015 - 1 Jan 2020 - 1 Jan 2025
31 Dec 2014 31 Dec 2019 31 Dec 2024 | and onwards
20,000 DWT 0 10 20 30
Bulk Carrier ‘d;]llll ::3{': ‘:e
20,000 DWT n/a 0-10* 0-20* 0-30*
10,000 DWT » :
- and above o 10 20 2
Gas Carrier 2.000 -
. - -10* ~70* £} =
10,000 DWT n/a 0-10 0-20 0-30
20,000 DWT
o e and above ¢ 10 20 0
o 4,000 - 3 " " "
20,000 DWT n/a 0-10 0-20 0-30
15,000 DWT 0 10 20 30
Container and above
Ship 10,000 - : " B 3
15,000 DWT n/a 0-10 0-20 0-30

Ta6n.5. CroitHOCTH Ha KOE(hUIMEHTA HAa PeAYKIUs X B 3aBHCHUMOCT Ha THIa Ha Kopaba

Ship type a b ¢
Bulk carrier 961.79 DWT of the ship 0477
Gas carrier 1120.00 DWT of the ship 0.456
Tanker 1218.80 DWT of the ship 0.488
Container ship 174.22 DWT of the ship 0.201
General cargo ship 107.48 DWT of the ship 0.216
Refrigerated cargo 227.01 DWT of the ship 0.244
carrier
Combination carrier | 1219.00 DWT of the ship 0.488
Ro-ro cargo ship 1405.15 DWT of the ship 0.498
Ro-ro passenger ship | 752.16 DWT of the ship 0.381
LNG carrier 2253.7 DWT of the ship 0.474

Ta6:n.6. [TapameTpu Ha pepepeHTHUTE KPUBHU B 3aBUCHMOCT OT THIIAa Ha KOopaba

6
58
56
54
52

5
48
46
4,4
42

4
38
36
3,4
3,2

3

PHASE 0

EEDI (g-CO2)/(t.nm)

PHASE 1

PHASE 2

—

variant 2/li 4,371985187

variant 1 1 4,090557016

43000

44000

DWT 45000

@ur.6. Pesynraru 3a n3uncnenus naaexke EEDI u u3sucksanara qonyctuMa CTOMHOCT MPU pa3InuHU
baszu
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Phase 0 Phase | Phase 2 Phase 3
Phase 1Jan 2013 — | 1 Jan 2015 —| 1 Jan 2020 — Cren
31 Dec 2014 | 31 Dec 2019 | 31 Dec 2024 | | Jan 2025
Required
EEDI 5,86345 5,27711 4,69080 4,10442

Tab6n.7. Croitnoctu Ha Required EEDI (REEDI) 3a kopa6a npu paznuunure ¢a3u

EEDI, (g-CO,)/(tnm); R,./1000, kW
4,9

48
' PME
4,7

46

45

44 :
EEDI

43

42

4,1

90 var.1 95 100 105 n,rpm 110 var2 115

a/

dEEDI, %; dP,,¢ . %
108
107
106
105
dEEDI
104
Pye
103
102
101
100

99
90 var.1 95 100 105

6/

n, rpm 110 var2 115

@ur.7. BausHue Ha IPOIMYJICUBHUTE ITAPAMETPU BBPXY
uH/eKca 3a eHepruiiHa epextuHoCcT EEDI

[Tonydyenure pe3yaratu 3a  HM3UUCICHUS
KOHCTPYKTUBEH  HMHJIEKC  3a  €HepruiHa
edekTuBHOCT Ha kKopaba EEDI u pedepenTHUTE
KPUBH 33 W3HMCKBaHATa JOMYCTHMa CTOHHOCT
(Required EEDI) npu pasnuunure ¢asu ca
noka3aHu Ha ¢ur.6. KoHkpeTHHUTE CTOIHOCTH Ha
Required EEDI 3a pasznuunute ¢asu ca
npuBeneHn B Tabin. 7. BuusHuero Ha
HOpOMYJICUBHUTE MapameTpu (MomHocTtTa—P 1
0o0opoTHTE-N) BBPXY HHICKCAa 3a EHepruiiHa
epextuBHocT EEDI e mnokasano Ha ¢ur.7.,
KBJETO O3HAYCHHUTE OTHOCUTEIHU MapaMeTpH ca
OTIpeJIeNIeH! KaKTo ClIe/iBa:

(100. EEDI,qy5)

4. U3Boau

4.1.IlonyyeHuTe W3YMUCIEHU CTOMHOCTH Ha
KOHCTPYKTUBHUS ~ HMHJIEKC  3a  €HepruiiHa
epextuBHoct EEDI 3a  nBata  BapuaHTa
yIIOBJIETBOPSIBAT M3UCKBAHUATA HAa KOHBEHLUATA
MARPOL Annex VI no 31 nexemspu 2024r., a
3a BapuaHT Nel u cnen 1 auyapu 2025r.

EEDI,q,; = 4,09 < REEDI= 4,69

4.2 . BnusHueTo Ha IIPOITYJICUBHUTE
napaMeTpu BbpPXYy HMHAEKCa 3a €HepruiiHa
epextuBHOCcT EEDI npu cpaBHeHMeTo Ha JBaTa
BapuanTta (¢ur.7.0) e okomo 6,9% penynupane

3 dEEDI =
3 EEDI,; ;1 Ha WHJAEKCA, PU HAMAJsABaHE HA MOIIHOCTTA Ha
'] (var. Nel) ¢ 5,6% nmo momHoctTa Ha I'J] (var.
(100. Pyg;) No2
@ QPys = ——p :2).
Pyg:
68
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