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Abstract: The paper is divided in 2 parts. The first part describes the current space and ground
experiments, which were developed in Space Research and Technology Institute at the Bulgarian Academy of
sciences (SRTI-BAS). The second part of the paper describes the following future space experiments: The Liulin-
ML particle telescope; The Liulin-AF spectrometers; The Liulin-AR spectrometer; The RD3-B3 spectrometer; The
Liulin-L particle telescope and the Liulin-1ISS-2 system. Short information for the Liulin Ten-Koh instrument for the
new Japanize HTV-X resupply vehicle and Liulin-F2 instrument for the Phobos-Grunt 2 sample return mission are
given.

TEKYLUM U BBAELLUN KOCMUYECKU EKCNEPUMEHTH
C NPUBOPU OT TUNA NIOJNINH

LiBetan faueB!, WopaaHka CemkoBal, Bopucnas TomoB., FOpuit MaTtBuituyk?, NMnamex
OumuTpos?!, CT. Manuyes?, Hukonan BaHkoB', Pocuua Konesa’, Kpacumup Kpbcres?
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Pesrome: Cmamusima e pa3deneHa Ha 2 yacmu. [Tbpeama yacm onucea Hacmosuwume KOCMU4Yecku u
Ha3eMHuU ekcriepumeHmu, paspabomeHu 8 lHcmumyma 3a KocMu4YecKku u3criedeaHusi U mexHornoauu KkemM bAH
(SRTI-BAS). Bmopama 4Yacm Ha cmamusima onucea crnedHume O6b0ewu KOCMUYECKU €eKCrepuMeHmu:
Teneckonbm 3a 4acmuuyu Liulin-ML;  Cnekmpomempume  Liulin-AF;  Cnekmpomembpbm  Liulin-AR;
cnekmpomembpbm RD3-B3; Teneckonbm 3a yacmuuyu Liulin-L u cucmemama Liulin-ISS-2. NpedocmaseHa e
Kpamka uHgopmauyus 3a uHcmpymeHma Liulin Ten-Koh 3a Hosusim srioHcku cnibmHuk HTV-X u uHcmpymeHma
Liulin-F2 3a mexdynnaHemHama cmaxyusi Phobos-Grunt 2, kosmo we ebpHe rnpoba om noyeama Ha CribMmHUKa
Ha Mapc — ®oboc.
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1. Introduction

lonizing radiation is recognized to be one of the main health concerns for humans in the space
radiation environment.

The dominant radiation component in the space radiation environment are the galactic cosmic
rays (GCR), which are not rays at all but charged particles that originate from sources beyond the
Solar System. They are thought be accelerated at highly energetic sources like neutron stars and
supernovae within our Galaxy. GCR are the most penetrating among the major types of ionizing
radiation [1]. The energies of GCR particles range from several tens up to 102 MeV/nucleon [2].

Another component are the solar energetic particles (SEP). The SEP are mainly produced by
solar flares, sudden sporadic eruptions of the chromosphere of the Sun. They T may deliver very high
doses over short periods, that is why could be associated with lethal equivalent doses in the
interplanetary space. SEP are high fluxes of charged particles (mostly protons, some helium and
heavier ions) with energies up to several GeV.

In addition, there are two distinct belts of toroidal shape surrounding the Earth, where high
energy charged particles are trapped in the geomagnetic field. The inner radiation belt (IRB), located
between about 1.1 and 2 Earth radii, consists of electrons with energies up to 10 MeV and protons
with energies up to ~700 MeV. The outer radiation belt (ORB) starts from about 4 Earth radii and
extends to about 9-10 Earth radii in the anti-sun direction. The outer belt consists mostly of electrons,
whose energy is below 10 MeV. They do not have enough energy to penetrate a heavily shielded
spacecraft, such as the Inter-national Space Station (ISS) wall, but may deliver large additional doses
to astronauts during extravehicular activity (EVA) [3].

Present calculations show that radiation doses expected on manned space missions can
easily exceed the suggested allowed doses, but we must keep in mind that these estimations bear a
lot of uncertainties. Present models of all three stages, involved in calculations, are far from precise.
Therefore experimental measurements on unmanned missions are of a great importance for the future
planning of manned mission in the interplanetary space and on the surface of Moon and Mars.

2. Current space experiments

A total of 10 different space instruments were developed, qualified and used in 16 space
missions between 1988 and 2019 [4-6] by the scientists from the Solar-Terrestrial Physics Section,
Space Research and Technology Institute, Bulgarian Academy of Sciences (SRTI-BAS).

Currently SRTI-BAS participate in the operation and analysis of data from 2 instruments on 2
satellites. The first, Liulin-MO instrument at the ExoMars Trace Gas Orbiter (TGO) satellite is at about
400 km circular orbit around Mars. The second, Liulin Ten-Koh instrument is at the Japanese Ten-Koh
satellite at about 600 km circular orbit around the Earth. Moreover, the Liulin-6MB internet instrument
is fully operational measuring since September 2006 the flux and dose rate at the Basic Environmental
Observatory (BEO) of the Institute for Nuclear Research and Nuclear Energy (INRNE-BAS) at Musala
peak (2925 m A.S.L.) in Rila mountain. Also, the Liulin-ISS system is still in the Russian segment of
ISS in potential operation conditions.

2.1 ExoMars missions

The first participation of SRTI-BAS scientists in an interplanetary mission was in the Mars-
96/98 missions in 1996. Next is the Fobos-Grunt sample return mission in 2011. For both missions
SRTI-BAS developed and qualified for space Bulgarian build instruments. Because of problems with
the rocket burns, intended to set the crafts on a course for Mars, both missions failed. The first fully
successful is the ExoMars mission.

ExoMars is a joint ESA-Roscosmos program for investigating Mars [7]. Two missions are
foreseen within this program. The first: consists of the TGO, which carries scientific instruments for the
detection of trace gases in the Martian atmosphere and for the location of their source regions, plus an
Entry, Descent and landing demonstrator Module (EDM), launched on March 14, 2016. The second,
featuring a rover and a surface platform, with a launch date of 2020. On October 19, 2016 TGO was
captured in high elliptic Mars’ orbit with an apocenter about 101,000 km and an epicenter about 250
km. Since 1 May 2018 TGO is in a circular ~400 km orbit around Mars.

The Fine Resolution Neutron Detector (FREND) instrument [8] measure thermal, epithermal
and high energy neutrons with energies ranging up to 10 MeV, whose variations are an excellent
signature of H bearing elements presence in the regolith at up to 1 meter depth.
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Fig. 1. Liulin-MO particle telescope Fig. 2. FREND data compared to LEND onboard LRO, Liulin-MO
dosimeter module and ACE neutron telescope

The FREND’s dosimeter module (specified as Liulin-MO particle telescope) [5] is another
important part of the system, providing measurements of the dose and the flux of charged particles
every minute and measurements of the energy deposited and the linear energy transfer spectra every
hour.

The Liulin-MO patrticle telescope (Fig. 1) contains two dosimetric telescopes arranged at two
perpendicular directions. Every pair of telescopes consists of two 300 um thick, 20x10 mm area Si PIN
photodiodes (Hamamatsu S2744-08 type), operating in a coincidence mode to obtain linear energy
transfer (LET). The detectors, the charge-sensitive preamplifiers - shaping amplifiers, and the voltage
bias circuits are mounted in a separate volume inside the box of the Liulin-MO instrument and are
connected to printed circuit boards that contain threshold discriminators, pulse height analysis circuits,
coincidence circuits, and other circuitry, mounted in another separate volume. The last volume also
contains a CPU board, including microprocessor, flash memory for data storage, timer, DC-DC
converters, and an interface to the board telemetry/command system. The entire package has a mass
of 0.5 kg and consumes less than 3 W.

Fig. 2 [8] shows a set of results compared to other space data for the normalized count rate. In
deep space, FREND is sensitive to charged particles that are registered in its lower channels. Thus, it
can be explained that the data from FREND’s HE1 detector agree quite well with the other particle
detectors. The FREND data are compared to Liulin-MO, but also to the data from the LEND in Lunar
orbit [9] and ACE [10] spacecraft in orbit close to the L1 Lagrangian point.

Table 1 presents a comparison of the GCR parameters, measured by Liulin-MO instrument
onboard of ExoMars TGO during the TGO circular orbit between 1 May 2018 and 15 October 2019
and Oulu Neutron monitor count rates (data (http://cosmicrays.oulu.fi/), averaged in 90 days intervals
around the mentioned in column 1 dates. Well seen increase with time of all data in the table is
revealed. It is caused by the solar activity decrease, when GCR increase interacts with the decreasing
solar wind and its embedded turbulent magnetic field, undergoes convection, diffusion, adiabatic
energy losses, and particle drifts because of the global curvature and gradients of the heliospheric
magnetic field [11].

2.2 Liulin instrument on the Ten-Koh satellite

Table 1.Comparison of Liullin-MO data obtained during the TGO circular orbit between 1 May 2018 and 15
October 2019 wit Oulu Neutron monitor data.

(The flux was calculated as the number of particles passing through the detector divided by the area of the
detector and the measurement time.)

Time frame F (AB)/ D(Si) (AB)/ D(water) (AB)/ | Q(AB)/ H (AB)/ Oulu NM
F (DC) D(Si) (DC) D(water) (DC) | Q(DC)/ H (DC) count rate
cm-1s-1 uGy h-1 uGy h-1 pSv h-1 counts min’t
01.05. 2018-31.07.2018 3/3.1 14.26/14.97 18,54/19,46 3.47/3.45 | 64.33/67.14 6672-6704

01.08. 2018-31.10.2018 3.02/3.12 14.35/14.98 18,65/19,47 3.48/3.48 | 64.92/67.77 6704-6747
01.11.2018-31.01.2019 3.06/3.16 14.47/14.98 18,81/19,47 3.47/3.46 | 65.27/67.38 6717-6694
01.02.2019-30.04.2019 3.11/3.2 14.78/15.32 19.21/19.92 3.49/3.48 67.06/69.31 6694-6702
01.05.2019-31.07.2019 3.15/3.24 14.91/15.46 19.38/20.1 3.5/3.47 67.83/69.75 6702-6715
01.08.2019-15.10.2019 3.15/3.24 15.07/15.63 19.59/20.32 3.5/3.47 68.46/70.51 6715-6745

The 23.5-kilograms mass satellite Ten-Koh, developed in Kyushu Institute of Technology by
Prof. K. Okuyama and his team [12, 13] was successfully launched on 29 October 2018, at about 623
km altitude and at 98° inclination. Ten-Koh's primary science instrument is the Charged Particle
Detector (CPD), developed at the Prairie View A&M University and NASA Johnson's Space Center of
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Houston, TX, USA. The Liulin Ten-Koh instrument (see the anodized aluminum box) is mounted on
the top of the CPD. The following three primary radiation sources were expected and recognized in
the data obtained with the Liulin
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Fig. 3. CPD with mounted at the top Fig. 4. Comparison of the L value profiles
Liulin Ten-Koh instrument at Ten-Koh and BION-M No 1 satellites

Ten-Koh instrument: (i) globally distributed primary GCR particles and their secondary products, (ii)
energetic protons in the South Atlantic Anomaly (SAA) region of the inner radiation belt (IRB); (iii)
relativistic electrons and/or bremsstrahlung in the high latitudes of the Ten-Koh orbit, where the outer
radiation belt (ORB) is situated [14].

Fig. 4 shows a comparison of the L-value profiles obtained at Ten-Koh and BION-M No 1 [15]
satellites. In both parts of the figure are presented the measured dose rates (blue points) and the
calculated D/F ratio, which according to the Haffner formulas [16] specifies the type of the radiation.

Fig. 4 reveals that: 1) the shape of the different radiation sources is very similar. The D/F
values in both cases are around 1 nGy cm? particle! for GCR source below 1 nGy cm? particle’* and
above 1 nGy cm? particle! for the IRB source; 2) the GCR dose rates, measured at Ten-Koh satellite
are higher than these on BION-M No 1, because the solar activity at the end of 2018 and the
beginning of 2019 is smaller than in April-May 2013.

Despite of the fact that the first amount of data from Liulin Ten-Koh spectrometer are relatively
limited in number the comparison with the larger amount of BION-M No 1 data shows that they have
the expected dose to flux values and shapes of the deposited energy and maybe used for a further
more comprehensive analysis of the LEO environment.

2.3 Liulin-6MB internet instrument

The Liulin-6MB internet instrument is fully operational, measuring since September 2006, the
flux and dose rate at Musala peak (2925 m A.S.L.) in Rila mountain. It is the last operational internet
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Fig. 5. External and internal view of Liulin-6MB Fig. 6. Long-term dose rate variations

instrument from a series of four. The other 3 were as follows: Liulin-6R operated by Andoya rocket
Range, Andoya, Norway from 10/2005 to 07/2010; Liulin-6SI operated by Physikalisches Institut,
University of Bern, 10/2007-12/2016 at Jungfrau peak (4158 m) in Switzerland; and Liulin-6K1,
operated by Ustav experimentéinej fyziky SAV, Oddelenie kozmicke;j fyziky, KoSice, Slovak republic at
Lomnicky $tit peak (2 634 m), 2009-2015.
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Left part of Fig. 5 presents the external view of the Liulin-6MB LET spectrometer. It is an
aluminum box with size of 84x40x40 mm and weight of 0.12 kg. In the right part of the figure are seen
the 3 internal plates. The back one produces all necessary voltages from external 12 V DC. The
middle plate contains the LET spectrometer. The top plate is commercial internet module with its own
microprocessor unit and a LAN connector at the left side. The module generates and posts WEB
page, open for all interesting users. It also performs, via FTP protocol, the transmission of the stored
in the flash memory data toward the users. The instrument is designed for multi-session use. Specially
developed software and hardware allow changing Internet settings parameters. Liulin-6MB is
integrated in the WEB page of BEO Musala and the described above features was not used.

Fig. 6 shows the long-term dose rate data obtained from http://beo-db.inrne.bas.bg/
moussala/index.php on Musala peak (2925 m A.S.L.) between October 2006 and October 2019. The
data are not corrected for the atmospheric pressure. That is why these data keep all the time an
average value of 0.2-0.3 uGy h1, as expected. The latter are a bit higher than the data obtained in
2010, when the instrument was moved to work in INRNE-BAS in Sofia at about 600 m.

3. Future space missions with participations of SRTI-BAS instruments

At the end of 2019 there are 8 projects, including participation of Liulin type instruments in
future space missions. Some of them as Liulin-ML are at the stage of a ready flight instrument for
2020, while another are at the stage of preliminary discussions. Next part of the paper will overview
them.

3.1 Liulin-ML instrument on the ExoMars surface platform

RODCOSMOS R xoMars Sartaco pattorm

Fig. 7. Schematic presentation of the experiments with the Liulin-MO and Liulin-ML instruments
on ExoMars TGO around Mars and in the surface platform at Mars

Fig. 7 illustrates the schematic presentation of the experiments with the Liulin-MO and Liulin-
ML instruments on ExoMars TGO satellite around Mars and on the surface platform and rover at Mars.
Liulin-ML particle telescope is in the scientific payload of the surface platform and will measure the
dose rate and flux on the surface of Mars. All data will be transmitted to the ExoMars TGO and
together with Liulin-MO data will be retransmitted to the Earth for analysis. The flight instrument was
already delivered to Space Research Institute, Russian Academy of Science (SRI-RAS) for integration
in the payload of the platform.

According to the now a days plans of ESA and ROSCOSMOS not later than August 2020 the
second part of the ExoMars project will begin with the launch of the interplanetary station. The latter
payload includes ESA Mars rover and ROSCOSMOS surface platform. The station will land on Mars
surface in March 2021 (https://exploration.esa.int/web/mars/).

3.2 Liulin-AF instruments for the Matroshka-Ill phantom on the ISS

2 Liulin-AF instruments are part of the Matryoshka-Ill research project. Participants from
Germany, Russia, Japan, Poland, Hungary and Bulgaria will study the dynamics of the cosmic
radiation accumulation in a tissue-equivalent phantom in the Russian segment of the ISS.

Fig. 8 presents the main idea of the proposed configuration of two Liulin-AF instruments in the
both sides of Matroshka-Ill phantom. In Fig. 8a demonstrates the calculated SAA 500 MeV proton
directional distribution [17]. It is seen that the main amount of protons in the SAA region is coming
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from a relative small azimuthal angle, i.e. there is large asymmetry. In figures 8b and 8c, a view from
above of the phantom is presented. The two Liulin-AF instruments are painted in yellow, while their
detectors — in red. Fig. 8b illustrates the best situation, when the two Liulin detectors are exposed
perpendicularly to the ion drift velocity. The first detector will be exposed on the direct flux of SAA
protons, while the second will measure and analyze the effect of the shielding in the material of the
phantom.
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Fig. 8a. Directional Fig. 8b. Descending Fig. 8c. Location of the Liulin-AF
distribution of the SAA drift configuration instruments and their expected appearance

In the left part of Fig. 8c reveals the Matroshka-lll phantom surrounded by different
instruments. The Liulin-AF instruments are located in the yellow circles. At the right part of the figure
the expected appearance of the Liulin-AF instruments is shown. MATROSHKA-III experiment is
scheduled for launch to the ISS in 2021 (https://event.dIr.de/en/maks2019/matroshka-iii/).

3.3 Liulin-AR instruments for the Argentina-Brazilian SABIA-Mar 1 satellite

The SABIA-Mar (Satélite Argentino Brasilefio para Informacion del Mar) is a dual satellite, a
joint Argentine-Brazilian Earth observation mission. Its objective is to study the oceanic biosphere, its
changes over time and how it is affected by and reacts to human activity. SABIA-Mar 1 satellite
(Fig. 9) is planned to be launched at 702 km sun-synchronous circular orbit in 2023
(http://www.conae.gov.ar/index.php/espanol/introduccion-sace).

Fig. 9. The SABIA-Mar 1 satellite Fig. 10. Liulin-AR spectrometer

The Liulin-AR [18] instrument was proposed by Italian and Argentinian scientists and involved
in the scientific payload (http://www.conae.gov.ar/index.php/espanol/instrumentos) of the SABIA-Mar 1
satellite for determination and quantification of the global distribution of the four possible primary
sources of space radiation, outside the satellite. The Liulin-AR instrument is already built, calibrated
and delivered for use to Dr. A. Zanini.

3.4 PO3-b3 (RD3-B3) instrument for the BION-M No2 satellite

SRTI-BAS, in collaboration with the University of Erlangen, Germany and State Research
Center Institute of Biomedical problems, (IMBP-RAS) Russia, will participate in the experiment of the
BION-M No 2 in the 2022 mission at an altitude of 800-1000 km and an inclination of the orbit 62°.
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Fig. 11. PO3-B3 spectrometer Fig. 12. PO3-63 in BION-M No.1 capsule

PO3-63 (RD3-B3) instrument (Fig. 11) was created for the flight of the BION-M No 1 satellite
[15]. It contains the R3D-B3 instrument, which was developed through collaboration of the Bulgarian
and German teams, and flown into the Biopan-6 facilities on Foton-M3 satellite [19]. The second block,
seen in Fig. 11, is a power supply unit with 2 D size Li-lon batteries. This will be the third space flight
of the R3D-B3 instrument. The first was on Foton-M3 satellite. The second was on BION-M No 1
satellite (Fig. 12). The aluminum box of RD3-B3 instrument has a size of 53x82x28 mm and 120g
weight. The launch of BION-M No 2 satellite is foreseen for 2023 (https://3dnews.ru/980441).

3.5 Liulin-L instrument of the Luna-26 satellite

The Liulin-L instrument is foreseen to be flown at 100-200 circular orbit on the Russian
Moon-26 Moon satellite, which will be launched into orbit in 2024.

Fig. 13. The Luna-26 satellite Fig. 14. Expected view of the Liulin-L particle telescope

The following objectives of the experiment with the Liulin-L instrument on Luna-26 were

specified:

* Measurements of the space radiation doses and fluxes in the Earth magnetosphere and on the
route to Moon. Mapping of the space radiation distribution at 100 km from the Moon surface;

* Measurements of the dose contribution of relativistic electrons, protons, He+ ions and HZE
particles in the dose composition;

+ Estimation of the radiation doses received by the components of the spacecraft;

+ Contributions to the verification of the radiation environment models and assessment of the
radiation risk for the crewmembers of the future exploratory missions to the Moon.

3.6 Liulin-1SS-2 system for the Russian segment of the ISS

The engineering version of Lyulin-ISS-2 system was developed between 2014 and 2019 [20].
The aim was to create a service dosimetric system for monitoring of the personal dose of crew
members in the Russian segment and outside the ISS. The priority is measuring the dynamics of the
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Fig. 15. Liulin-ISS-2 system Fig. 16. Expected view on the screen of the IB when ISS crosses
first the ORB and next the IRB
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dose accumulation, while the crew member moves out of the station in the outer space. The
instrument "Lyulin-MKS-2" consists of five blocks: 4 personal dosimeters and one interface block (IB)
with a stationary dosimeter. The IB is based on a fully rugged tablet Getac T800.

3.7 Liulin Ten-Koh instrument for the new Japanese HTV-X resupply vehicle

Fig. 17. Ten-Koh satellite

New mission with similar to Ten-Koh satellite (Fig. 17) was discussed between Prof. K-i.
Okuyama and Japan Aerospace Exploration Agency (JAXA) in the end of November 2019. The new
Ten-Koh satellite will be launched in the exposed area of the new HTV-X ISS resupply satellite.

3.8 Liulin-F2 instrument for the Phobos-Grunt 2 sample return mission

IMBP-RAS has sent a formal proposal for the inclusion of a Liulin-F2 instrument in the
scientific composition of the Phobos-Grunt 2 instrumentation, which will return to the Earth from
Phobos after 2024 (http://www.russianspaceweb.com/phobos_grunt2.html) Liulin-F2 instrument will be
similar to Liulin-AR.

Conclusions

The Bulgarian instruments in future space missions will contribute to the evaluation of the
radiation environment in Earth orbit, in transit to Moon and Mars, in Moon and Mars orbits and on the
surface of Mars. Data obtained will be used for the validation of models for dose and flux assessment,
estimation of the radiation doses received by the components of a spacecraft, assessment of the
radiation risk to crewmembers of future exploratory flights and evaluation of the shielding requirements
on future manned Earth, Moon and Mars spacecraft.
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Notes

Dose rate, flux and depositing energy spectra from 10 space experiments performed between
1991 and 2019 are part of the “Unified web-based database with Liulin-type instruments”, which are
available online, free of charge at the following URL: http://esa-pro.space.bas.bg/database.

The database of long-term dose monitoring of aircraft flights (3285 flights, 16925 hours) by the
Czech airline CSA is available online: http://hroch.ujf.cas.cz/~aircraft. The database was created by
scientists from Nuclear physics institute at the Czech Academy of Sciences [21].
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3a ¢hasama Ha eb/iHama Ha mpaekmopusima Ha Yacmuuama. U3crnedeaHemo e npogedeHO 4pe3 aHasnus,
OCHOBaH Ha yucreHume fpecMsimaHusi 3a cmpykmypama u OuHamukama Ha ¢hazogama pasHUHA Ha 8bI/THOBUSI
rnakem 3a MbJIHUS YUKDBST 3@ YCKOpEeHUe Ha yacmuuama. B npoeedeHusi yucfieH ekcrnepuMeHm e u3rosi3eaH
Habop om HavasiHu napamempu cbomeemcmeauw, Ha cnabopesiamueucmKu HayasiHU eHepauu Ha eflekmpoHUme
Kamo yacmuuama e no3uyuoHUpaHa MbpeoHavyanHo 6 UeHmbpa Ha 6b/IHo8Us nakem. 3a uesume Ha
uscriedeaHemo MbfIHUSI YUK/ 3@ YCKOpsieaHe Ha Yacmuyama e pa3oesieH Ha HSKOJIKO 30HU, 8 3a8UcuMOCm om
emana Ha esaumoldelicmeusima mexdy ebjiHama u 4Yacmuyama. Hal-eaxHume cmpykmypHU efemMeHmu Ha
¢hazosama pasHUHa 3a MbJIHUSI UUKBJT 3@ YCKOpsieaHe Ha Yacmuyama ca ob6¢cb0eHu u npedcmaseHu 8 epachuyHa
¢opma. HanpaseHu ca 3aknoyeHus1 3a cmpykmypama Ha ¢ha3oeama pasHuHa u HellHama OuHaMuKa, Kakmo u
XapakmepucmuKkume Ha mpaeKkmopusima Ha 4Yacmuuyume rpu CbpgampoHHO YCKOpsiBaHe efleKmMpPOHU Oom
8BbJIHO8U MaKem 8 KOCMuYecKa nnasma.

ANALYSIS OF THE PHASE PLANE STRUCTURE AND PARTICLE TRAJECTORY
ELEMENTS DYNAMICS FOR THE ELECTRONS SURFATRON ACCELERATION
BY A WAVE PACKET IN SPACE PLASMA
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Abstract: A study of the electrons’ surfatron acceleration by a wave’s packet propagating transversely to
a weak constant magnetic field in space plasma is presented. A comprehensive analysis of the electron
acceleration period, based on the exact numerical solutions of a second order nonlinear non-stationary differential
equation for the wave packet phase on the particle trajectory, has been carried out. The research is conducted
through an analysis based on numerical calculations for the wave’s packet phase plane dynamics and structure
for the whole particle’s acceleration stage. In the conducted numerical experiment, a single set of initial
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parameters corresponding to the electrons low relativistic energies is used and the particle is initially positioned in
the center of the wave packet. For the purpose of the research, the whole particle’s acceleration cycle is
subdivided into several zones, depending of the stage of the wave-particle interaction. The most important
structural elements of the phase plane for the whole particle acceleration cycle are discussed and presented in
graphical form. Conclusions about phase plane structure, its dynamics and the particles’ trajectory features at
surfatron acceleration by wave packet in space plasma are drawn.

BbtBeneHue

B HacTosiwaTta paboTa e npeactaBeHO eOQHO TEOPETMYHO M3cregBaHe Ha npoueca Ha
CbpdaTPOHHO YCKOPEHME Ha ereKTPOHU OT NakeTu enekTpoMarHUTHU BbIIHU B KOCMUYecKa nnasma.
OcHoBHaTa HACOYEHOCT Ha M3cregBaHeTO € KbM [eTalfHOTO MO3HaBaHe Ha NpOTMYaHEeTO Ha
npouecute u B3aMMOAENCTBUATA Npean, No Bpeme Ha, U B Kpas Ha npoueca Ha ycKopsiBaHe Ha
yacTuuaTa oT BbJIHOBUA nakeT. CMATame, Y€ KbM HaCTOSILLMS MOMEHT rofiima 4acT OT npoTuyawuTe
pe30HaHCHW B3auUMOAENCTBUSA MeXAy BbLIIHOBUS MakeT W 4yacTvuata He ca MU3Yy4YeHW JOCTaTbyHO
aetannHo. Ypes Hactosdwara paboTta ce HagsiBame ga AOMNPUHECEM 3a MO-MbSHOTO pa3bupaHe Ha
CNOXHUTE U MHOFOCTPaHHM NPOLLeCH, MMaLLM CBOETO MSICTO B NMPOCTPAHCTBEHO BPEMEBUSA KOHTUHYYM
Ha 30HaTa 3a yCKopsiBaHe Ha yacTuuata npu U3NbiHEHW U3NCKBAHUA 3a pe3oHaHca Ha YepeHKOBCKM.
PasrnegaHo e yckopsiBaHETO Ha €eneKkTpoHM CbC crnabopenaTMBUCTKa M PENATUBUCTKU HayarHu
€Heprum oT NPOCTPAHCTBEHO NOKaNU3npaH NakeT OT eNIeKTPOMarHMTHU BbIHU B KOCMUYECKa nnasma,
npyv HanuMyne Ha cnabo, HanNpeyHo Ha pas3npoCTpPaHEHMETO Ha MakeTa, MOCTOSSHHO MarHWTHO Morne.
Pe3oHaHCHOTO ycKkopsiBaHe Ha eNneKTPOHU OT eneKTPOMarHUTHU BbITHU U B YaCTHOCT CbpPdaTpoOHHOTO
YCKOpPEHUE Ha 3apefeHn YacTuum e pasrnexgaHo npeaun B paboTtute [1-5]. B pabotute [6-15] ca
006CbAEHM pa3nNUYHU acnekTu Ha ToBa (PU3MYHO SABIEHWME, KAaTO B3aUMOAEWCTBUSI B HeeQHOPOAHa
nnasma [6, 7, 14], auHamuka [8] n B3anmogenctens ¢ aAse BbnHM [9], a B paboTtute [10, 11] e nscnepn-
Ba Ha e(peKTUBHOCTTA Ha ycKopsiBaHeToO Ha vactuuute. MNybnukauunte [6, 7, 13, 16—-18] pasrnexaar
CbpdaTpPOHHOTO YCKOPEHWe Ha 3apefeHn YacTuun € eAnH OT Bb3MOXHUTE MEXaHN3MU 3a reHepupaHe
Ha MOTOLUM OT ynTpapenaTuBMCTKM YacTuumu B npupoaaTta. PasrnexgaHusT npouec npvHagnexun Kbm
KaTteropusita Ha Pe30oHaHCHWUTE MPOLECUM Ha B3aMMOAEWCTBME MEXAY eNeKTPOMarHUTHUTE BbIHU U
3apefeHuTe Yyactuum, B KOMTO MMa OTHOCUTENHO rONsiMO YBENMWYEHNE Ha eHeprusita Ha JactuuuTe -
HapacTBaHETO Ha eHepruaTa Ha yacTuuata e HagxeBbpnsa 3—4 nopsagvka [10, 11]. EaHO oT ocHoBHUTE
N3NCKBaHMA 3a OCbLLECTBABAHETO Ha TO3M Krnac B3anmMoOencTBne e HeobxoanmocTTa Aa ce U3MbITHU
YCNoBMeTO 3a pe3oHaHC Ha YepeHkos [6, 7, 10, 11].

B 1031 poknag Ha 6asaTa Ha YMCNeHN NpecMATaHMsA ce aHanuanpa CTpyKkTypaTa Ha dasoBaTa
paBHMHA W HeWHUTe OTAENHW eneMeHTW, KakTo M TpaekTopusTa Ha 4vacTuuaTta no Bpeme Ha
NPOTUYAHETO Ha CBLLUMHCKUSA MNPOLEC Ha yckopsiBaHe. Taka noadpaHWTe HadanHu napameTpu Ha
YNCNEHMUS EeKCNEPMMEHT CbOTBETCTBAT Ha cnabopenaTtmMBUCTKN U PeNnaTMBUCTKM CKOPOCTU N EHEPriun
3a BbB/HOBWUSI MakeT U ycKopsiemuTe enekTpoHu. [opaau orpaHuyeHnss obem cTpaHuuM B TO3U
dopmaT, ca NpeacTaBeHU B rpadmyeH BUA Marnka 4acT OT pe3ynraTuTe MofyyeHu npwu
npecMaTaHnsTa 1 NocrnefBalLMsaT aHanM3 Ha YMCINEHUTE EKCNIEPUMEHTMN.

TeopeTuyHa 060CHOBKa U1 OCHOBHU YpaBHEHUA

Pasrnexpgame yckopsiBaHeTO Ha cnabo penaTUBMCTKM U PENaTMBUCTKU EEKTPOHWN OT naket
€reKTpoOMarHMTHN BbIHM C p-Mongpu3aums umall rrnagka nopeHuoBa oOBMBalla Ha amnnuTygaTta.
BbnHOBMA makeT ce pasnpocTpaHsiBa MO OCTa X B MarHUTOAKTMBHA Mfnasma HanpeyHo Ha cnaboTo
BbHLIHO MarHUTHO nose Ho, KoeTo e Haco4YeHo no octa z. [NogobHN TeopeTn4HN 0OOCHOBKM MoraT aa
OboaTt HamepeHun B pabotute [3, 4, 8-14]. Pasrnexagame criyyasi, B KOWTO YecToTaTa Ha BbliHATa €
Onnska go yectoTaTa Ha ropHUst XMOPUOEH Pe30HaHC, HO Ce pasfnnyaBa OT HEro, KOraTo € U3MbIIHEHO
CNegHoTO yCroBMe: wHe /| ® = U < 1, KbAETO MHe € LUUKINOTPOHHATa YecToTa Ha HepenaTMBUCTKU
€NeKTPOHM Ha nrasma.

Mpn npecmsiTaHnaTa npegnonarame, Ye gpasoBaTta CKOPOCT Ha BbfHATa Vph = / k € no-Hucka
OT CKOpPOCTTa Ha CBET/MHATa BbB BakyyM M MMaMe peanu3vpaH pe3oHaHC YepeHKoB Mmexay
YCKOPEHUTE YacTUUM U eneKkTpoMarHutHus nakeT. Cnopen NpoBEOEHUTE MO-paHHU M3vumcreHus [8]
3afavata 3a M3y4yaBaHETO Ha CWUMHOTO YCKOPEHWE Ha EeNeKTPOHM B KOCMMYecKa nrasma Moxe Aa
Obae onpocTeH Ypes npeHebpersaHe Ha BUXPOBU KOMIMOHEHTU Ha BbiHOBUTe noneta Ey n Hz, 3awoTo
BINUSAHNETO MM BbpXy pe3yntarta OT U3YUCIEHUATA € He3HAYUTENHO. B To3n criyyan enekTpu4eckoTo
norne Ha BbfHaTa MOXe [a Ce cuMTa 3a enekTpoctatuyHo, T.e. Ex (X, t) = A cos ¥, Kbgeto
Y = wo t — ko X, KbAETO wo € HOCelllaTa YecToTa Ha nakeTta, ko = kK( wo ) BbIHOBUA BekTOp, a A (X, t) e
yHKLUMATa onpefensia rnagkaTa ropeHLoBa 00BMBaLLa Ha amnnuTydaTa Ha nakeTa.
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Heka pasrnegame penatuBMCTKATE ypaBHEHUS 3@ MMMYrca P 3a ABWXKEHMETO Ha yCKOpSeMus
€eneKkTpoH [4, 8-14]:

dpx/dt=-eEx—ev(Ho+H;)/c,
(1) dpy/dt:'eEy+er(HO+Hz)/C
dp./dt=0, p; = const,

BbBexgame 6e3pasmepHuTe NPOMEHNMBU M napameTpu B = v / C - CKOPOCT Ha eneKkTpoHa,
c=eEo/mc w - amnnutyga Ha BbNHaTa, T = Wo t, §{ = wX / ¢ = ko X — Be3pa3mepHa koopauHaTa,
y=1/(1- p2)Y2 — penatmBuctkn hakTop Ha yactTmuata, U = wHe /| o , WHe = € Ho / mcC
HepenaTMBUCTKa LMKITOTPOHHA YeCcToTa Ha enekTpoHuTe, Eo - amnnntyaa Ha enekTpnyeckoTo none B
LeHTbpa Ha BbMHOBWUS NakeT. 3axBallaHeTO Ha 3apedeHn 4acTuuu B PeXMM Ha CbpdaTpoHHO
YCKOpEHME e Bb3MOXHO, KOrato amniuTyaaTta Ha eneKTpu4eckoTo nomne — e4Ha OT KOMIMOHEHTUTE Ha
ereKkTpomarHMTHaTa BbIiHA, € Haj onpefeneHa KpUTU4YHa CTOMHOCT, T.e.3ac = e Eo/ mc o >
Uy =u/ (1-Bp?l2 Heobxoanumo e ga obbpHeM BHMMaHMe, Yye HespasmepHaTa CKOPOCT Ha
3apefeHaTa YactTmua Moxke ga 6bae nspaseHa ¢ Bx = Bp [1 — ( dW/dt )], Bp = oo / Cko , MMNYNCa Ha
€rieKTpoHa € paBeH Ha p = m ¢ y B, a nokasaTtens Ha npeyynsaHe Ha nna3mata N = c k/ o e cBbp3aH
C (hazoBaTa CKOPOCT Ha BbIiHaTa ¢ u3pasa B, = 1/ N.

M3nonseaikn ropHMTe M3pasu, Heka Aa 3anuliem penaTtMBUCTKUTE ypaBHEHUS 3a OBWKEHWE
3a MMnyrnca Ha yckopsiemusl enekTpoHa B 6espasmepeH Bug [4, 8, 10, 11] :

d(yBx)/dt=-Acos¥-uBy
) yBz=const=h

d(yBy)/dt=up«
dy/dt=-ABxcosV¥,

kboeToA=c/{1+[(t—¥)/p]?} e nopeHuoBaTta oOBMBaALLA HA aMNNUTyaaTa Ha BbIHO-
BMS MakeT, MapameTbpa 3a WMpMHaTa Ha BbIIHOBUA NakeT p ce CMATa JOCTaTbYHO ronsdM 3a peanu-
3aumMs Ha ynTpapenaTtMBUCTKOTO YCKOPEHME Ha 3axBaHaTW YacTuum npu p = wo L / ¢ ~ (104 — 10°),
KbOoeTo 2L e xapakTepHaTa wWuMpuHa Ha BbMAHOBWA nakeT. M3anonssawku (2) moxem Aa Hamepum
WHTErpanuTe 3a [BWXEHWE Ha yCKopsieMusi enekTpoH. NogpobHo m3BexaaHe Ha ypaBHeHueTo (3)
Moxe ga 6bae HamepeHo B pabotute [4, 8, 10, 11]. OTunTalku BCUYKN NofaraHMst MoXeM Aa 3anu-
LWeM KparlHus BUA Ha HENMHEeNHOTO HeCcTauMoHapHO ypaBHeHMEe OT BTOpW Nopsabk 3a dasaTta Ha
BbfHaTa Ha TpaekTopudaTa Ha YacTuuara:

(3) ¥/ d2—[c(1-B®)/yBplcos¥—(uBy/yBp)=0.

Ha ocHoBaTa Ha YMC/IEHOTO pellaBaHe Ha HENIMHEWHOTO, HEeCTaLMOHApHO ypaBHeHus (3) 3a
dasaTta Ha BbnHoBus nakeT W(t) = ¥ [ X(t), T ] Ha HocellaTa YecToTa € uscrnefBaHo 3axBallaHeTo Ha
cnabopenatMBUCTKN €MNEKTPOHM B PEXMM Ha CUITHO CbpgaTpoOHHO YCKOPEHWE OT nakeT
€neKTpOMarHUTHU BbNHK [8, 11, 12].

Mpn pewasaHeTo Ha (3) HayYanHuTe gaHHM B3emame BbB Buaa W(0) = Wo, ¥«(0) = a.
CvotBeTHO umame PBx(0) = Bp (1 — a ). Heka ga BbBegem KOMNoHeHTUTe 3a 6e3pa3mepHUs NMMync Ha
yactmuaTta gx = vy Bx , Oy = v By . 3a 4OCTaTb4yHO rofieMy BpeMeHa Ha YCKOpPSiBaHe Ha erneKkTpoHa
YNCNEHOTO pelleHne TpsabBa ga JOCTUrHE aCUMNTOTUYHW 3HAYEHWS 3a KOMIMOHEHTUTE Ha CKOpOCTTa U
penatmBucTkus paktop Ha Yactmuata y(t) = U Bpyp T, Bx = Bp, By = 1 / yp , @ TEMNBT HA HapacTBaHe
Ha YCKOPEHMETO € MOCTOSIHEH M He 3aBUCU OT amnnuTygata Ha BbiiHata o, onpegenswia ce oT
acMMNTOTMYHOTO 3Ha4YeHune Ha pyHKumsTa o < fBx cos W >.

Pe3yJ1TaTVI OT YUCINeHUTe npecMATaHuA

MpoBeOeHUAT YNUCNEH eKCNEPUMEHT € Haco4YeH KbM M3y4yaBaHEeTO Ha MNpOTUYaHEeTO Ha
npoweca 3a yckopsiBaHe Ha crabopenaTVBUCTKU €NEKTPOHU OT NakeT efeKTPOMarHWTHU BbiHW. B
[JafeHoTo M3cnedBaHe cMe NpuWenu, Ye yactuuata ce Hamupa B LeHTbpa Ha BbIIHOBMS MakeT, T.e B
HayanHaTa TOMOoMorMa Ha eKcrepumeHTa e 3anoxeHo ycrnosueTto Wo = W(0) = 0. B cboTBeTCTBUE C
npeaxodHus naparpad, Ha Gasata Ha TOYHOTO pellaBaHe Ha ypaBHeHueTo (3) 3a chasaTa Ha
BbIHOBUA NakeT Ha TpaeKkTopusATa Ha YactuuaTta e npeacTaBuM AeTalfieH aHanusa Ha CTpykTypaTa
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Ha ghaszoBaTa nnockocT. NpoBeaeHUTe YMCNEeHN NpecMsTaHUs NO3BONSIBAT TOYHOTO M3CneABaHe Ha
HeWHaTa AMHaMKWKa MO BpeMe Ha npoLeca Ha yckopsiBaHe Ha yacTtuuaTa. YuMcneHoTo pellaBaHe Ha
ypaBHeHneTo (3) no3BongaBa pasfensHeTo Ha npoueca Ha YCKOpsiBaHe Ha 4vacTuuata Ha OTAEenHM
cneumduyHn 30HM nzobpasssalum 6a3oBM enemeHT OT pa3oBaTa paBHWHA. OTAENHUTE enemMeHTH
CbOTBETCTBAT Ha nopeguuaTta OT YacTU OT OCHOBHW MpOLEeCH Npe3 KOMTO MpemMrHaBa eauH NMbheH
LUUKbI 3a ycKopsiBaHe Ha yactuuaTa. [og mbreH LuMKbil Ha yckopeHue pasbvpame nocnegosaTten-
HOCTTa OT CBbCTOSIHMSA OTpa3sdBalliM - CBODOAEH €eNneKTPOH W3MbJIHABALY, LUKIOTPOHHO BbpPTEHE B
noneto Ho, 3axBallaHe 1 3agbpXaHe Ha YacTuuarta oT AMHaMu4yHaTa noTeHumanHa ssMa nopogeHa ot
noneTtata Ha BbJIHOBUS nakeT u Ho. B 3aBncumocCT OT Tvna n HavanHaTa TOMonorus Ha npoueca Ha
pEe30HaHCHUTE B3aUMOAEWCTBUS MeXAy BBLIHOBUSA MakeT M yYacTvuaTa CbLUeCTBYBaT HSIKOMKO
cleHapuvsa 3a JOCTUraHe ObHOTO Ha AMHaMM4YHaTa noTeHumanHa sima. Ha 6asaTta Ha npegcraBeHuTe
no-4omny YMCreHu pesynTaTh, M B YaCcTHOCT 3a KOHKPETHMS pasrnefdaH crydvaun, cnepf 3axBallaHeTo
yacTuuaTa 3anodysa npoueca Ha cbpdaTpoHHO yckopeHue. Crieg kaTo goctura OO0 ObHOTO Ha
noTteHuManHaTta ama, yactvuarta ce OoTTnackea OT Hero u npemuHaBa npes Apyr OCHOBEH eTan Ha
YyCKOpEeHUe [OoKaTo OOCTUrHe OO0 m3nutaHe oT samarta. Cneg msnutaHeTo yactuuaTa npemMuHaBa
OTHOBO KbM LIMKNOTPOHHO BbpTEHE B NOMNETO Ho KAaTO eNeKTPOHBT € € 3 Nopsabka No-BUCOKa eHeprus
B pe3ynTaTt Ha HEroBOTO CbPaTPOHHO YCKOpSABaHe.

lMpoBeoeHUs YMCnEeH aHanu3 Ha peanuavpaHnsi eKCNMEpPUMMEHT € HampaBeH C MnomoliTa Ha
Habopa oT Ha4anHu napamMeTpu, npeacrtaBeHn B Tabnuua 1. NonaraHeto Wo = ¥(0) = 0 cboTBETCTBA
Ha HayanHata no3vuMs Ha 4acTuuata B LeHTbpa Ha BbrHoBMA nakeT [11]. lMpu HavanHute

napameTpu oT Tabn. 1 enekTpoHbT MMa HavaneH penaTmenucTku dakrop y (0) = 1.116.

u B h Oy (0) ¥(0) a P oloc Tcalc Tc Td

0.20 0.25 0.30 0.28 0 0 70k 1.65 70k 0 56920

Tabnuua 1. Habop oT HaYanHW NnapameTpu 3a gudepeHUnanHoTo ypaBHeHme (3) CbOTBETCTBALY, Ha
cnabopenaTMBUCTKM EHEPIM Ha ENEKTPOHUTE U CKOPOCTU Ha BbITHOBWS MakKeT.

Heka pasrnegame B3avMoOAencTBuMsTa Mexay crnabopenaTMBUCTKM €NeKTPOH W3MbIHsBaLL
LUMKIOTPOHHO BbpTEHE B MOneto Ho U nmakeT OT eneKTpOMarHWTHW BbIHW pasnpocTpaHsiBall ce
HanpeyHo Ha BekTopa Ha Ho. Ha dur.1 e nokasaHa cTpykTypaTta Ha ¢hpasoarta paBHuHa (D(t), 8¥(1)),
kbaeto ®(t) = d¥ / dt u 8¥ = ¥ (1) — ¥(0). Ha ®ur.1 3a 8¥ = < 13000 enekTpoHa He e yroBeH OT
BbMHOBUA nakeT. Benykm doumrypm Tasm paboTta ca nocTpoeHu ¢ Taka aedumHuparata (d(t), 6¥(r)).

®ur. 1. CtpykTypa Ha pa3oBara paBHuHa (O(1), dW(T)) 3a cBOOOAEH €NEKTPOH B3aMMOOEVCTBALL, C BbITHOBUS
naket. ®nykTyaummTe B amnnutygarta Ha yHkumaTa (1), ce AbmkaTt Ha oOMeH Ha eHeprusa Mexay BbITHOBUS
nakeT n yactuuarta. Yactuuara e 3axsaHata npu 0¥ = W (1) - Y(0) > 13300.
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HabniogaBaHute nyktyaumm B amnnuTygaTa Ha dyHkuuata d(t), ce gbmkaT Ha obMeH Ha
eHeprusa Mexay BbIIHOBUSA NakeT U YyacTuuarta, KOMTo He ca JOBenu Ao 3axBallaHe U ycKopsiBaHe Ha
yacTuuara. Yactuuarta e ycnewHo 3axsaHaTa oT BbfHoeus naket npu 8F = ¥ (t) — ¥(0) > 13000.

3a ocHoBa Ha u4ucneHus ekcnepumeHT 6Gelwe wun3bpaH eavH OT CcpeaHOCTaTUCTUYECKUTE
cnyyaun. 3a HavanHo 3HayeHue Ha (hasaTa Ha BbMHOBUA nakeT e usbpaHo 3HadyeHneto W(0) = 1.4,
npyv HavanHuTe ycrioBus 3a ypaBHeHueTo (3) oT Tabn. 1. Ha ®dur. 2 e nokasaH MbNHUAT LUMUKBLIT Ha
CbphaTPOHHO YCKOpPsIBAHE Ha E€NEeKTPOH MNpu Bpeme 3a 3axeaT T. = 0 1 Bpeme 3a nsnuraHe ot smata
Td = 56920. 3a NMbIHMA UMKBIN Ha CbpdaTPOHHO YCKOPEHME OT BBLIIHOBUSI MaKeT PenaTUBUCTKUAT

hakTop Ha yacTmuaTta npu U3NUTAHETO OT NOTEHUManHaTa ama goctura y (56920) = 2.939.108 .

dur. 2. da3oBa paBHUHA NpU CbpdAaTPOHHO YCKOPEHUE Ha €NEKTPOH OT BBLIIHOBM NakeT, OTpasdsalla MbIHNS
npoLec 3a yckopsiBaHe Ha yacTuuata B gnanasoHa 1 = 0 + 57000. Npu Ha4yanHu ycnosus, nokasaHu B Tabn. 1,
eneKTPOHBbT Uma Tc = 0, Td = 56920 1 Ha4anHa eHeprus E v = 0.57MeV.

dur. 3. Mbpey cTagnn Ha 06MEH Ha eHeprvs Mexay BbHOBKS MakeT M YacTuuaTa — MbpBOHaYarnHo yraBsiHe Ha
yactuuara. Ha dwuryparta e npeactaseH avana3oHbT 1= 0— 1100 npu tc = 0, Bp = 0.25 n E v = 0.57 MeV.
CwvrHo HenuHelnHaTa KpvBa Ha TPaeKTopusiTa Ha YacTuLaTta oTpassiBa M3KMYUTENHO CIOXHMS NpoLec
Ha Ha4arHo ynaesiHe Ha YyacTuuaTa B NoTeHuManHaTta sima.

dur. 4 oTpassiBa cTagusi Npy KOWTO YacTuuaTta e ynoBeHa, HO BCe Ollle Ce Hamupa B HecTa-
OVMHOTO NPOCTPAHCTBO Ha ropHusi pbb Ha NoTeHuuanHata sima. HabnogasaHute ,,Bb3nu“ B A€CHUS
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@ur. 5. EnemeHT 0T pa3oBaTa paBHMHa OTpa3siBall

dur. 4. EnemeHT oT hasoBaTa paBHMHA OTpa3saBaLy,
nepuoga 1 = 1500 — 6000

nepuopa 1 = 800 — 3250

Kpan Ha dur.4 ca nokasaTernHu 3a BCE OLLEe CUITHO HEMVHEWNHUS XapakTep Ha B3auMOZeNCTBUSITa 3a
nepmnoaute. T = 800 + 3250. dur.5 otpasasa 3oHaTa T = 1500 + 6000, B KOATO NpoLeca € B Ha4anoTo
Ha NOHWMXXaBaHe Ha CUIMHO HEMNVHENHWUTE y4acTbLM BbB CTPYKTypaTa Ha pa3oBaTa paBHMHA .
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our. 7. EnemeHT 0T (basoBaTa paBHMHaA oTpassaBaLl

dur. 6. EnemeHT 0T (basoBaTa paBHMHa oTpassBaLl
nepuoga 1 = 12000 — 19000

nepuoga 1 = 6000 — 12000
®ur. 6 n dur. 7 otpasaeart 3oHuTEe T = 6000 — 12000 n t = 12000 — 19000 npeacrTaBsLm

TpaekTopuuTe BbLB hbadosaTa paBHuHa (D(t), 6¥(r)), HamupalumM ce B 30HaTa npeau ocHoBaTta Ha
CUMETPUYHNS YCKOPUTENEH KOHYC, XapakTepeH 3a TO3M TN pe30HaHCHWU YCKOPUTESHU MpoLiecu.

dur. 8. KpusaTa oTpassiBa nepuoga 1= 19 000 — 25 000. [IacHaTta YacT Ha cnuparnaTta e NpoCcTPaHCTBOTO,
B KOETO ce hopMmupa ocHoBaTa Ha CUMETPUYHUS YCKOPUTENEH KOHYC.
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Ha ®wur. 8. kpuBaTta oTpassiea nepuoga T = 19 000 — 25 000 B cTpyKkTypaTa Ha dasoBaTa
paBHMHa. [lscHaTa 4YacT Ha cnupanata € MpOoCTPaHCTBOTO, B KOETO ce opmMupa OCHoBaTa Ha
CUMETPUYHUAT ycKopuTeneH KoHyc. Ha dur. 9. e npeactaseH nepuogbT T = 25 000 — 50 000.
TunnyHa copMa Ha CUMETPUYEH YCKOPUTENEH KOHYyC BbB asoBaTa paBHuHa (P(1), 8¥(1)) -
pe3oHaHCHa KpuBa nNpu cbpdaTpoOHHO YCKopsBaHe Ha 3apefeHu Yactuun. KpusaTta nokassa Hanuuve
Ha ocobeHa To4ka oT Tuna ctabuneH gokyc, unmn ¢ gpyru oymy aTpakTop.
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®ur. 9. NpepacTtaseH nepmoabT T = 25k — 50k. TunnyHa dpopma yckopuTeneH KoHyC BbB (hazoBaTa paBHuHa (D(T),
OW(T)) - pe3oHaHCHa KpvBa Npu CbpdaTpOHHO ycKopsABaHe Ha 3apedeHu yactuum. KpmBaTa nokasea Hanuyvme Ha
ocobeHa Toyka OT Tuna ctabuneH okyc - aTpakTop.
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®ur. 10. MNpwn 1d = 56920 HacTBLMNBa Kal Ha CbpPaTPOHHOTO YCKOPSIBAHE HA €NeKTPOHU OT nakeT
€reKTPOMarHWTHU BbITHM B KOCMMYecka nnam. KpuBaTa nokassa nepuogsbT t= 50000 — 57000.

B gacHaTa vact Ha dur. 8 n nasaTa 4acTt Ha dur. 9, B OCHOBaTa Ha YCKOPUTENHUS KOHYC, ce
Habnogasat 1 cneumMduYHn MoaynaunoHHN NPoLLecH OTpas3eHN HeroBaTa oOBMBaLLLATa MOBbLPXHOCT.
TaxHaTa amnnuTygaTa ¢ HapacTBaHETO Ha T HAMAJIABA U MOBBPXHOCTTA HA KOHYCA B JIICHATA YACT Ce
m3rnaxaa. Ha dur.10 e nokasaH BbPXbT Ha YCKOPUTEMHMSA KOHYC U Kpasi Ha npoueca Ha cbpdaTpoH-
HO YCKOpPSIBaHE Ha €NEKTPOHUN OT MakeT efieKTPOMArHUTHN BbJIHU B KOCMMYecka nnama. Ha dur. 2-10
ca nokasaHu Ha ocHoBaTa Ha YUCMEHN NPEeCMATaHNS BCUYKM OTAENHU efIEMEHTU Ha CTPYKTypaTa Ha
drazoBaTa paBHMHaA Npu CbpaTPOHHO YCKOpsiBaHe Ha €MNEeKTPOHN OT NakeT eNeKTPOMarHUTHU BbIHW.

3aknoyeHue

B HacTosiwaTta pa6oTa u3cneaBaH MexaHu3Ma Ha pe3oHaHCHO CbpdaTPOHHO yCcKopsiBaHe Ha
€NeKTPOHN OT NakeT efeKTPOMarHUTHU BbIHW B KOCMMYecka nnasma. Ypes ToYHM pelleHus Ha
HeSIMHeMHOTO HecTauuoHapHO AudepeHUManHoTo ypaBHeHWe OT BTOpM Mopsabk 3a dasata Ha
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BbfHAaTa Ha TpaeKkTopusaTa Ha YacTuuata e NpoBedeH YNCNEH eKCnepuMeHT 3a criabopenaTuBUCTKM
€Heprum Ha eneKkTPOHNTE U CKOPOCTU Ha BbITHOBUS NaKerT.

MoTBbpaeHa e Bucokata edqeKTMBHOCT Ha nMnpoueca Ha CbpdaTpoHHO YycKopsiBaHe
nMbpBOHAYanHoO aHanusnpaHa B pabotute [10, 11]. B non3a Ha ToBa TBbpAEHWE ca NOnyyYeHuTe
pes3yntaTu B HacTtoswara paboTa, a UMEHHO crabopenaTUBUCTKA E€MEeKTPOH C HadanHa eHeprus
En = 0.57 MeV poctura cnepf npoueca Ha yckopsiBaHe eHeprus oT Eoutr= 1,5 GeV. HapacTtBaHeTo Ha
eHeprusTa B pa3rnegaHus CpeaHoCTaTUCTMYECKUN CIlyyal e C MoBeYe OT TpU Nopsaabka.

WacnegBaHa e guHamuykaTta u CTpyKTypaTa Ha dpa3oBaTa paBHWHA Npy NpPOTMYaHe Ha npoleca
Ha cbpdaTpoHHO yckopsiBaHe. M3ydeH e MbHWUS LUKbBIT Ha NpoLleca Ha pe3oHaHCHO YCKopsiBaHe Ha
€IeKTPOHM OT BBJIHOBU MakKeT 4Ype3 aHanu3 Ha AMHaMukaTa U CTpyKTypaTa Ha dhasoBaTta paBHMHA.

[eTannHoTo e u3y4yeHo MpoTMYaHETO Ha npouecuTe 1M B3auMOLEeNCcTBusATa npeau, No Bpeme
Ha, 1 B Kpasi Ha nNpoLeca Ha yCKopsBaHe Ha YyacTuuaTa OT BbJ/IHOBUS NaKeT.

[edrHmpaHu ca Han-BaXHUTE CTPYKTYPHM 30HM M3rpaxgally MbhAHUA LMKbN 3a YCKopsiBaHe
Ha yvacTuuaTta. FICHO ca pasrpaHuMyeHW ca OoTAenHuTe eTanu Mnpu NPOTUYaAHEeTO Ha npoueca Ha
yCKOpsiBaHe Ha yacTuuaTta 1 ca NnpeacTtaBeHu B rpadudHa gopma.

[MokasaH e CnoXHWSA XapakTep Ha B3aMMOAEWCTBMATaA OT Tuna BblHA-yactuua ocobeHo B
nepvoja Ha 3axBalllaHe Ha YacTuuaTta U HadanHuTe eTanu oT npoueca Ha yckopsaBaHe — dur. 3-5.

MonyyeHuTe 3HaHMA MoraT Aa HaMepsaT NPUIIoXKEHNe U B APYrM HAay4YHU 06nacTu CBbp3aHu C
uscnegBaHNs u3yvyaBally yCcKOpsiIBaHE Ha 3apedeHu 4acTuuu, MpoTuYallM KakTo B YCNoBuSATa Ha
CUMHTETMYHA NnasmMa, Taka U B eCTECTBEHUTE YCIOBUS HA KOCMUYECKOTO NPOCTPAHCTBO.

ToBa n3cnegBaHe € 4acT 0T CbBMECTHUSI pycko-6bnrapcku npoekT ,CbpdaTtpoH” mexay MKU-
PAH n MKNT-BAH no lNMporpamaTta 3a doyHAamMmeHTanHn KocMmyeckn nscneasadmna mexay PAH n bBAH
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Pe3rome: [lpednoxeH e o060buweH mMemod 3a u3crnedsaHe OBUXEHUEMO Ha Hes/UHeUHO Maxaro.
lModxo0bm 0asa 8b3MOXHOCM 3@ KPamkKo U ICHO OMuUCaHUe Ha Knacu4yecku pesyrnmamu, Ho om eOuH Opye noaned
Ha npobnema. [Mony4eHume aHanUMUYHU U3pa3u, onucseawju pasfiuyHu eudose O08UXEHUE, MOSyYEHU 4pe3s
MpelnoXeHuUs1 Memod Halb/IHO CboMeemcmeam Ha eede U3gecmHume peweHusi, Nofy4yeHu om opyau Memoou.
HanpaeeHu ca 3akno4YeHUsi OMHOCHO (hyHKUUOHaIHocmma u npedumMcmeama Ha MosydeHume aHamaumuyHu
u3pasau 4Ype3 rnpeodnoxeHust Memoo.

AN ANALYTICAL APPROACH FOR STUDY OF NONLINEAR PENDULUM

Kostadin Sheiretsky?, Rumen Shkevov?, Nikolay Erokhin?

luniversity of National and World Economy, Sofia, Bulgaria
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Abstract: A generalized method for investigating the motion of a nonlinear pendulum is proposed. The
approach allows a brief and clear description of the classic results, but from another perspective of the problem.
The analytically obtained expressions describing various types of motion received thru proposed method completely
corresponds to the already known solutions received by other methods. Conclusions about the functionality and
advantages of the analytical expressions obtained through the proposed method are drawn.

BbBeneHue
EQHoO OT ypaBHeHUMsITa, 4ONYCKaLM TOYHO peLleHne B cneumanim oyHKLMM € ypaBHEHNETO Ha
MaxanorTo [1]:

1) G+ao’sinq=0,

KbAETO g € BrbMbT CKMYBaLL Ce MeXAy NpaBaTta B NOCoKa Ha rpaBMTaulMOHHaTa cuna, otyeTeHa ot
ToYKaTa Ha OKayBaHe W HuLLIKaTa 3a KOSATO € CBbp3aHa TeXecTTa Ha MaxarnoTo.
Upes noaxodswo npeobpasyBaHMe cBexgamMe ypaBHEHWETO [0 cucTemMa oT [Be
AndbepeHLnanHn ypaBHeHNUs OT MbpBU pea:
q=0p,
. 2 -
@) p=-w’sing.
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Lle BbBegeM cneumanHo npeobpasysaHue [2, 3], koeTo Aa npueege cuctema (2) BbB
Bb3MOXHO Hal- npocTa maTtemartudecka dopma. 3agadarta, KOATO CU MNOCTaBAMe € Aa Hanpasum
n3cnengBaHe Ha d)aaosme TPpaeKkTopunn Ha cuctemarta, nNpu pasfnmindHn pexxmumm Ha aABXeHune, ot rnegHa
TOYKa Ha BbBeaAeHUTE HOBU NMPOMEHITUBN.

Mpeobpa3yBaHe Ha cucTtemarTa, onuMcBalla MaxanoTo

M3nonasame npeobpasyBaHNETO:

- .q .p
3 =osin—+i—,
®) V=wsins+1

. .q .p
4 =wSIN——1—.
@ v =esino-is

OndepeHuupame (3) n (4) no BpeMeTo, KaTo MbpPBUTE MPOU3BOAHM OTOENsi3aBaMe C TOuKa.
[HocTura ce fo ypaBHeHusiTa:

(5) i(,f/:a)cos%z,&,
e q
® i =—wcoso g

JlecHo ce nony4yaBa 3akOHbBT 3a 3anas3BaHe Ha eHeprusaTa:
~ 2 ~ o~
@) 7| =y =const=h.
Haunctuna:

. d ~12 q ~ K ~* o~
Ia|w| Za)COSE(l//W — 1//):0.

Kato crneactBue OT TO3M 3aKOH, MOXe Ja M3BedeM MaTeMaTu4eckust M3pa3 Ha 3akoHa 3a
3anasBaHe Ha eHeprusdTa, BKIo4YBall KoopanHataTta u nMmnynca:

2
®) p?+a)2(l—cosq):2h,

Mn3pasbT crieaBa HENOCPEACTBEHO OT NpecMATaHe Ha npou3BeaeHneTo Yy .

Heka:
'/7(0) = '/70 ,
7 (0)=5,

Toraea pelueHuaTa Ha ABeTe audepeHumanHu ypasHeHus (5) u (6) ca CbOTBETHO:
©  y=y,exp(-il),
10) ¥ =y,exp(iol),
[oocd
) 1= J'cos—dt .
5 2
OT no-ropHMTE paBeHCTBa Ce U3Bexaa Matematuyeckata gopmyna:

(12) o, =h.
32



U3cneaBaHe Ha Bb3MOXHUTE PeXUMM 3a ABUXKEHUE HA MaxanoTo

CenapaTpu1CHO pelueHune
Heka: h = @”. Torasa:

2 2
(13) vy zp—+a)zsin2%:%+a)2—a)2 coszgzwz,

cnegosaTtesiHo:

14)  wcosd=+P
2 2

[a npvemem 3a yrnecHeHue, ye q(O) = (, . ToraBa necHo NHTerpupame u ce nony4asa:

ntgl Z+3 | —ntg[ Z+ 90 | = 5at .
(15) ng(4+4j ng[4+4 Fo

ToraBa ce gocTtura oo n3pasa:

T Qo | 5t
16 =4arctg tg| — —— -7,

Ako ce nHTEpecyBamMme OT KOHKPETHUAT BN Ha (*)yHKLI,VIFITa Y/, NECHO MOXe [a ce c1:o6pa3V|,
Yye:

(18)

(19 Y, =a".
ToraBa:

~ (0] ~ w ~ w % w
(20) l//oz—Tl/ll//O:T nnn WO:TMWO:_T'

B To3Kn cnyanl ce gocCcTtura o peleHneTo:

(21) y= iia)exp(ii g} :

22) ' = iia)exp(ii gj .

MoaroToBka 3a uacrnegBaHe Ha cucTeMaTa B TPENTSLY PEXUM U PEXUM Ha BbPTeHe

Otuuta ce hakTbT, Ye:
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(23)
ToraBa, ako NOMOXUM:

- h
(24) l//o:_T Ny,=——,

ce gocTtura oo ypaBHEHUETO:

@5 Jhsinel =+aoV1-12 .

ToBa ypaBHeHWe NTecHo ce ceexpaa Ao BuA yaobeH 3a nscneasaHe:
a)z
26) @=+Jhyk?=sin’¢p, p=al k> =2

Pexkum Ha TpenTtene: k> <1

Heka neuHupame onpegenexns niterpan [4]:

4

@
@5 U=
! 1-k?*sin? &

amnnumydama ¢ s onpeaensMe nocpeacTBOM PaBeHCTBOTO:

(36) @=amu.

¢'yHKLJ,|/||/|Te eJiurnmu4eH CUHyc v efiunmu4eH KOCUHycC ce onpenenaTt CbOTBETHO Taka:
@7)  sn(u,k)=sin(amu), cn(u,k) = cos(amu)

HeduHupame olle egHa yHKUMA HapeyveHa denma amnumyda:

38)  dn(u,k)=~1-Kk?(sin &) .

PyHKUMMTE eNUNTUYEH CUHYC, ENUMTUYEH KOCMHYC U AenTa aMmnnutyga ce HapudaT yHKUMK
Ha Akobu. Tean yHKUMM ca CBbP3aHM NOCPEACTBOM paBeHCTBaTa:

(39  sn?(u,k)+cn’(u,k) =1,

40)  dn?®(u,k)+k?sin® & =1.

B cunacaun paBeHcTBaTa:

(41) C(lj—usn(u, k)= cn(u,k)dn(k,u),

(42) (;j—ucn(u,k):—sn(u,k)dn(k,u),

(43) (;j—udn(u,k)z—kzsn(u,k)cn(k,u).
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BaxHO 3HauYeHMe B TEOPUA Ha eNUNTUYHUTE DYHKLUU UMAT MhIHUME enunmuyHU UHmezpanu
om nupsu pod: K(k), emopu pod: E (k), kouto cboTBeTHO ce aeduHupart ¢ popmynute (4, 5):

@) K= [

J1-k?sin®¢&
@5  E(k) = i\/ 2(sin &)°

Monarame:
(46) sing=ksinx.

Toraea ce goctura oo n3pasa:

f dx
@) [————==%Vh(t-t,).
;[Vl—kzsinzx ’
CnepoBaTersnHo:
48) sinx= sn[+ h(t—t,) +FkJ J' ~-F.

o V1— k2 sin? x

KaTo kpaeH pesynTtaT ce nosny4asa:

(49) S|n§_sn[+ tt+Fk]

Pexum Ha BbpTeHe: K° >1.

Nonarame:
1
G0)  k°= R

ToraBa No aHanorMyeH Ha4YmH ce gocTura go:

(51)

52 ¢@= am[+a)t t + F,k; J j

01—k sin? ¢

CnepoBaTenHo:
d
(53) cos% = th)am +olt—t,)+F,, klz].
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3aknoyeHune

MN3non3saHoTO OT Hac npeobpasyBaHvWe cBexpa cuctemaTa ypasHeHus (2), onucealia
mMaxanoto, go cucrema (5) n (6), OT KOATO NO HaW-enemMeHTapeH HayuH ce u3Bexaa 3akoHa 3a
3anasBaHe Ha eHepruaTa. To3v NoAXo4 AaBa Bb3MOXHOCT 3@ ACeH (PU3MYEH aHanu3 Ha nosnyvyeHuTe
pe3yntaTtun. MeTO,EI,'bT n3uAano ce cornacyea C pes3ynrtaturte, nony4vyeHun 4ypes TpaguunoHHnTe cpencrtea
[6, 7]. Manon3BaHmnAT noaxod, MoOxe Aa ce npunara KbM [0CTa MO-CHOXHW MoAenu Ha U3nNYHK
cuctemu. Llenta Ha HacTosiwaTta nybnukaumsl e Aa ro npegcrasu 3a cuctema (5) u (6), npu koaTo ca
W3BECTHU peLleHusATa, 3a Aa Ce AEeMOHCTpUpa HeroBaTa NPUroAHOCT MPU pellaBaHe Ha TakbB TUM
3afjaun, a no-HaTaTbK Aa Cce pasBue W MeToAvKa 3a npunaraHeTo My Mpu paspellaBaHe Ha CrOXHW
mMaTeMaTU4ecKn Mogenu.
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Abstract:: The paper considers the Zurich series of monthly averaged sunspot numbers W (W = Wrest
U Witool), which includes the restored Wrest series (from 1749 to 1849) and Wtool, a series of reliable Wolf
numbers (regular instrumental observations from 1849 to the present). When comparing extended fragments, the
local data residual plays a smaller role and more balanced estimates are obtained. Classification of cycles by
duration allows us to describe the relationship between the parameters of reliable cycles and to show the
inconsistency of these parameters for the 1+9 cycle group. A more realistic scenario for the Wrest series
corresponds to a simultaneous reduction in the length of the series by 4-5 years and an increase in the “average”
W by 1.25 times.
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XAPAKTEPUCTUK BOCCTAHOBJIEHHOU U UHCTPYMEHTAJIbHOU YACTEU
PAOQOB
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Knro4oeu dymu: BoccmaHoerneHHasi u docmoesepHasi Yacmu psida WSN, cmamucmudeckue oueHKU,
epynna yukros, anmnpoKcumayusi

Pe3tome: EcmecmeeHHO xenaHue ekilo4ambs cmosiemHuli UHmepsan 80CcCmaHoe8/1eHHoU Yacmu psida
yucen Bonbga Wrest (1749-1849 22.) e uccnedosaHusi HapasHe C UHCMpymeHmarsrbHol (docmosepHoU)
yacmbto psida Wtool (c 1849 e. no Hacmosiwee epemsi). Ho npu ob6beduHeHUU OmpbI8OYHbIX OaHHbIX C
pasnuYHbIMU MIOMHOCMbIO HabmodeHul, aMnaumyOHbIM paspeweHueM U MacuwmabupogaHuem uckassimcs, 8
nepsyto o4yepedb, JIOKalbHbIe XapakmepucmuKku peaucmpupyemo20 fpouecca U 83aumMocesidb (2r1adKocme)
8PEMEHHbIX ¢hpazmMeHmMo8 pasHo20 Macuimaba. [103momy 8axXHO OUeHUMb cmerneHb coarnacoeaHHocmu psidos
Wrest u Wtool, a makxe Hernpomugope4yugocmbs napamempos8 camMo20 80CCMaHO08/1eHHO20 psida. B pabome
ucrionb3ogaHa Kraccughukayusi yukioe o OnumesibHoCmu, 4mo  M0380MUSI0  napamempu3osamb U
annpoKcuMuposams HEKOMOopbIe Xapakmepucmuku yukios docmosepHo20 psida. NonydeHHble 3asucumMocmu
pacwupunu 803MoXHoCMU aHanusa psida Wrest.

Introduction

The paper considers the Zurich series of monthly averaged sunspot numbers W (W = Wrest U
Wtool), which includes the restored Wrest series (from 1749 to 1849) and Wtool , a series of reliable
Wolf numbers (regular instrumental observations from 1849 to the present). Naturally, there is a desire
to include the centennial interval of the restored part of the series of Wolf numbers Wrest in studies
along with the instrumental part of the series Wtool. The data reliability for the Wrest series and
possible use of them in research is still a challenge. When combining fragmentary data [1] with
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different density of observations, amplitude resolution and scaling, the local characteristics of the
recorded process and the consistency of time fragments of different scales (for example, the structure
of the cycles and their relationship) are distorted. Therefore, it is reasonable to research the
parameters of extended fragments without detailing their “complex” history of development. One
approach that evaluates the consistency of the Wrest and Witool series is to compare the
characteristics of the selected intervals [2]. For instance, the correspondence of statistical estimates of
cycle basic parameters (cycle duration Tc and its growth branches Tm, cycle maximum Wm, cycle
area Sq) for two groups of cycles: a group of restored cycles 1-9 and a group of reliable cycles 10-23.
The Table shows the average, the root of the variance and their ratio calculated for these groups. The
upper readings correspond to the old version; the lower readings correspond to the new one. The
cycle parameters in the new version of a Wolf number series are taken from paper [3]. It can be seen
that the characteristics of the second group, in italics, are better, and much better for Tc, Tm.
Additionally, cycles 1, 5 and 7 have abnormally long growth branches — more than half of the cycle.

Table. Statistical Estimates of Wrest and Wiool series cycles

mean o' o2/ mean
I+ IX/ X+ XXII I+ IX /X = XXII I+ IX/ X+ XXII

Tc| 134.33 / 131.14 18.95 / 10.02 0.141 / 0.078
134.33 / 131.14 18.88 / 9.48 0.141 / 0.072

Tm 56.56 / 46.43 17.51 / 6.39 0.310 / 0.138
56.67 |/ 47.93 17.67 | 7.25 0.312 / 0.151

Wm 105.59 / 119.66 40.16 / 38.02 0.380 / 0.318
175.98 / 184.92 66.95 / 47.75 0.380 / 0.258

Sq | 6301.52 / 7329.54 |2238.57 / 2115.12 | 0.355 / 0.288
10609.16 /11341.85 |3833.60 / 2532.89 | 0.361 / 0.223

For more correctness, let us compare the groups with the same number of cycles, then the
group of restored cycles can be assigned six groups of nine cycles from the reliable part of the Wtool
series: 10-18, 11-19, 12-20, 13-21, 14-22, 15-23. Let us denote these groups of reliable cycles,
respectively, as G1, G2, G3, ..., G6, and the group of restored cycles as G0. An example of the (o%2/
mean) ratio for the Tc and Sq parameters for all groups is shown in Fig. 1, where the readings of the
new version are marked with “+”. And in this case, the time parameters of the reliable groups with
close values differ from the corresponding estimates for the cycles 1-9. We also note that the
estimates of the G1-G6 and GO group area in the new version are less consistent than in the old one.

Fig. 1. Relative characteristics of Tc (a) and Sq (b) for cycle groups;
“+” readings of the new Wolf number version

38



This work is aimed at analysing groups and comparison of their properties for the Wrest and
Wtool series, in both versions of the Wolf number series. It is important to evaluate not only the
consistency degree for these series, but also the consistency of the Wrest series parameters. In the
analysis, we used the classification of cycles by duration: “long” cycles with Tc > 133 months and
“short” cycles (Tc < 133 months).

Characteristics of cycle groups for the Wrest and Wtool series

Let us rely on the characteristics of the G0O+G6 groups. We associate the total duration of the
2T cycles and the area of the ZSq cycles in the group with each group, let us set w = 2Sq/XT for the
estimate of the “average” W value in the group. For the GO group of restored cycles, these parameters
are equal: 2T, = 1209 months, 2Sqo = 56713.65/95482.44 (old/new version), wo ~ 46.91/78.98
(old/new version). The duration of each group in months is illustrated in Fig. 2a, the horizontal line is
the average ZT value for G1-G6 groups equal to 1159.0 months. The numbers in parentheses (5)-(2)
indicate the number of “long” cycles in this group.

124097 (a) 1240{ZT (b)
1220- —
12004 (5) 12001
11804 '] {g} {i} {3} 11801
11601 - 1160
1140+ tg} {i‘i 11401
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Fig. 2. Distribution of £T in cycle groups — (a);
dependence of ZT on the number of “long” cycles N, in the group — (b)

It can be seen that the ratio of “long” and “short” cycles in a group adequately reflects its length and
can be used to classify groups of reliable cycles. The Figure 2b shows the dependence of T on the
number of “long” cycles N, in the group, for groups G1-G6, and the value of £T,. The linear and cubic
approximating functions are superimposed on XT. Let us denote that the XT values for both versions
of the Wolf series actually coincide. For £Sq, the relationship with the number of “long” cycles N, in the
group is different for these versions, as shown by Fig. 3, where 2Sq, are marked. Quadratic
approximating functions are superimposed on Zsq.

Z5q

75000 2 Wtool_old 1150009~ Z5q Wtool_new
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Fig. 3. Dependence of the total area of cycles in the group ZSq on the number of “long” cycles N, in the group

Assessment of the parameter consistency for the group of restored cycles G0

The group of restored cycles, including six “long” cycles, has the associated parameters ZT,,
2Sqo, and N =6. Let us evaluate their consistency using the obtained dependences for the following
three options.

V-1. We proceed from the tabular duration ¥T, of the 1+9 cycles. According to the ZT curves (Fig. 2b),
this corresponds to N.=7 (seven “long” and two “short” cycles). Using the curves £Sq (Fig. 3) for N.=7,
we find the total area for this combination of nine cycles without detailing their sequence. For the old
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version ¥Sq(N.=7) = 45850.26, for the new version, 2Sq(N.=7)=87191.60. These values are much less
than 2Sqo — tabular total areas of the 1-9 cycles (according to the Table, more than by the average
area of the cycle). In fact, we get an even lower level of solar activity at the Dalton minimum and its
surroundings, which is very exotic.
V-2. Based on the 2Sq, = 56713.65 total area (old version), then, using the £Sq curve, we find N.= 5
(five “long” and four “short” cycles) and then (Fig. 2b) 2T(N.=5) = 1180 months, which is 2.5 years
shorter than the tabular duration of the 1-9 cycles. In the new version, ¥Sqo=95482.44, N.=4 and
2T(N.= 4) = 1169 months, which is 3.3 years shorter than the tabular duration.
V-3. Let us estimate the group parameters based on N.= 6, i.e. general characteristics of its structure.
For the old version, we get ZT(N.= 6) =1194, ZSq(N.= 6) = 49807.86, w ~ 41.68. For the new version,
ST(N.= 6) = 1194, ZSq(N.= 6)=88771.25, w ~ 74.29. Again, we get an underestimated activity level
(w < wp ~ 46.91/78.98) with the group duration reduced by 15 months.

Moreover, it was impossible to use the total length of growth branches in this approach
because of its significant value in the group of restored cycles, which was noted above and
corresponds to the Tm values in the Table.

Scenarios for the 1-9 cycle group G0

When projecting the “rules” obtained for the G1-G6 groups onto the GO group, we see a
mismatch between its duration and “energy”. The estimates obtained indicate the need to change, first
of all, the Wrest series structure, i.e. correlation of “long” and “short” cycles (correction of the duration
of individual cycles is also possible). Increasing proportion of “short” cycles leads definitely to the
growth of average activity level. Several options for such a correction are given below.

Let us set the average ZT value, being equal to 1159.0 months (Fig. 2a), by the G1-G6 groups for
a weighted estimate of the GO group length, which is very close to the estimate after the period of the
basic harmonic of 129*9 = 1161 months. We have a scenario of three “long” and six “short” cycles
(N.= 3) with £Sq(N.= 3) = 66975.50/100762.50 (old / new version) and w~ 57.8 / 86.9, which exceeds
wo. For close variants with N.= 2 and N.= 4 we have:
--N=2, ZT(N.= 2) =1137.50, £Sq(N.= 2)= 72519.52 / 107177.02, w ~ 63.8 / 94.2;
--N=4, ZT(N.=4)=1170.50, £Sq(N.= 4) = 61209.02 / 95556.70, w ~ 52.3 / 81.6.

Let us note that the requirements for the GO group correction are more stringent in the new version
of Wolf numbers. An overview of the options considered in the coordinates (XT, £Sq) for the old

version of the GO group is presented in Fig. 4 with clear separation of “weighted estimates” (N.=2—-4)
and “agreed parameters” (V-1 — V-3) areas.
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Fig. 4. Overview of scenarios for Group GO (old version)

Conclusions

When comparing extended fragments, the local data residual plays a smaller role and more
balanced estimates are obtained. Classification of cycles by duration allows us to describe the
relationship between the parameters of reliable cycles and to show the inconsistency of these
parameters for the 1-9 cycle group. A more realistic scenario for the Wrest series corresponds to a
simultaneous reduction in the length of the series by 4-5 years and an increase in the “average” W by
1.25 times.

These conclusions are consistent with the result of paper [2], where Wolf numbers and
temperature series of several European centres are compared. It was noted in the work that, around
1925 and later, a tendency toward synchronization of temperature characteristics is visible, which
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reflects the growth and increased influence of solar activity. A similar synchronization of temperature
characteristics was also noted before 1850, that is, the necessary “increase” in solar activity in this
interval (by analogy with the period after 1925) was superimposed on the Dalton minimum.

In conclusion, we note that a number of authors express a critical attitude to the restored

series in the works of the Solar-Terrestrial Communications, Weather and Climate Symposium (1978)
[4]. An attempt to balance the temporal characteristics of the W series cycles due to the “lost” cycle
was undertaken in [5]. We also note the paper [6], analysing the series fractal properties for the annual
ring width of eleven sequoias. The authors identified time intervals coinciding with the Speper and
Maunder minima, without the Dalton minimum manifestation.

-
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Pesrome: B Hacmosiwama paboma ca npedcmaseHu daHHUme nosy4eHu om rpubopa LIULIN - MO 3a
spemMemo 3a koemo mol ce Hamupa Ha Hay4Ha opbuma okosio Mapc. CpasHumesnHoO dwrausim uHmepsan om
speme mpe3 kolmo npubopa ronyyasa OaHHU, Mo3eonsea Oa ce  fApocnedu 3asucumocmma MexOy
UHMeH3uUmema Ha 2anakmuy4yHume KOCMUYHU Nb4U U ClibHYesama aKmueHOCM — OCHOBEH ¢hakmop 3a
U3MeHeHUEemo Ha mo3u UHmeH3umem.

TEMPORAL VARIATIONS OF THE MEASURED FLUXES OF GALACTIC
COSMIC RAYS IN MARS ORBIT BY LIULIN-MO INSTRUMENT
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Abstract: This paper presents data obtained by the LIULIN - MO instrument when it is in scientific orbit
around Mars. The relatively long time interval during which the instrument works allows one to trace the
relationship between the intensity of galactic cosmic rays and solar activity - a major factor of the change of this
intensity.

BbBeneHue

Mpnbopute ot cepusAta LIULIN ca npegHasHauyeHM 3a M3MepBaHe Ha KocMuyeckaTta
paguauusi U paguMaunMoHHUS puck npu kocmoHaBTuTe. MpnbopbT FREND [1] B KOWTO ce BKMOYBa
LIULIN-MO [2] e yacT oT ExoMars Trace Gas Orbiter — HayyeH KOMMMeKkc 3a uscrnegBaHe Ha
MapcuaHckaTa atMocdepa. TGO Oelle u3BeaeH Ha MapcmaHcka opbuta Ha 19.10.2016. Mpes anpun
2018, TGO 6e BbBegeH Ha HayyHa opbuTta — npubnuamTenHo kpbroea, Ha 400 km BucoumHa, C
nepuog Aea 4Yaca. [Npu aHanusa n cbnocTaBkaTa Ha Nnony4YyeHnTe daHHM TpsAbBa da ce uma npeasug,
Ye Te B HeMarka CTeMeH ce pas3nuyaBaT OT Te3n B CBOOOAHOTO MPOCTPaHCTBO. 3amepeHuaT noTok
ranakTuyHn KocMudHm nbym [KJT, OoT egHa cTpaHa ce pasnuyaBa OT WUCTUHCKMSA MNaBHO 3apagu
eKpaHMpaLoTo AencTBue Ha Mapc, a oT gpyra 3apagu oTpaseHuns N pascesiH NoToK OT NOBBbPXHOCTTA
1 aTtMocdepaTa Ha nnaHeTaTa, Taka HapedeHoTo anbeno.

3aBucumocT mMexany u3MepeHuUTe U peanHute CTOMHOCTU HA MOTOUUTE ranakTU4YHU
KOCMWUYHU NBUYMN

OcHoBHaTa uvaes, KOSATO Ce M3Mnof3Ba Npu M3BOAA Ha aHanuTM4HaTa 3aBUMCMMOCT Mexay
M3MepeH W pearneH MNOTOK e npeactaBeHa Ha dwur. 1. CuvTamku pasmepute Ha geTektopa
npeHebpexumu cnpsiMmo Mapc, 3a koeduumeHTa Ha 3aceHuBaHe K ce nonyyaBaT cneHuUTe U3pasu:
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1) : ,
KbAEeTO g’ € bIbJTbT MEXAY paBHMHATa Ha AEeTeKTopa un D,VICpepeHLI,VIaJ'IHVIﬂ NOTOK,

, Eg € bIbNbT MEXAY paBHMHATa Ha AEeTeKTopa U Haaupa.

Heka B i - 1 MOMeHT OT BpeMe e namepeHa crtorHoctTa f(i) 3a notoka KJl. Bpb3kaTta mexagy
nsmepenus notok f (i} n Toan B MexaynnaHeTHoTo npocTpaHcTeo F(i) ce gaBa oT u3pasa:

(2)

Tyk ®{i}) @ CyMapHMsT NOTOK OTPa3eH OT NOBbPXHOCTTAa 1 aTMocdepaTa Ha Mapc.

®ur. 1. l'eomeTpunsa Ha cuctemata LIULIN-MO - Mapc

Axko 3anuwem nocnegHoTo ypaBHeHMe 3a p[ABa nocrnenoBsaTteniHhn MOMeHTa OT BpemMe, Lie
nony4ynMm cunctemata ypaBHEHUA:

3
(4)
(6)

lMocnegHOTO OT ypaBHeHMsATa ce MonyvaBa OT NPEAroNoXeHUeTo, Ye OTPa3eHUAT MOTOK

(anBenoTo) e nponopuuroHaneH Ha notoka MKIM. Tyk HemssecTHUTe BennumHn ca yetupu: F (i), F(i+1),

. Mpuemarikn HsKOe OT Hen3BeCcTHUTE 3a NapameTbp Hanpumep F(i), moxe ga nspasuvm

oCTaHanuMTe Heu3BeCTHM 4pe3 Hero. MakcumanHOTO 3HayeHue, KoeTo Moxe da npuema F(i) ce

onpedens OT ToBa, Ye CTOMHOCTTa Ha anbegoto TpsAbBa Aa e nomoxwutenHa crtonHocT. OT
npeauwHuTe cbobpaxeHus 3a F(i) -- MmakcumanHa nonyyasame:

(6) F(i) - makcumanHa =

Ha dwr. 2 ca nokasaHun u3MepeHuAT u pekoHcTpyupaHu notouu [KIT 3a gBe pasnuyHm
cToitHocT Ha F(1). Korato F(1) e 3,5 yactuum/ c’c, 3a cpeaHaTa CTOMHOCT Ha notoka [KJl B
cBOBGOHOTO MPOCTPAHCTBO ce nonyyaea 3,5 yactuuw/ c’c. CboTBETHATa CTOMHOCT 3a anbefoTo e
26%. MakcumanHata cpedHa CTOMHOCT, KOSATO Moxe ga npueme noTtokbT [KIT B cBOGOAHOTO
npocTtpaHcTBo e 3,8 yvactmun/ c2C U CbOTBETHO Hyneeo anbeno. Haw-uenecbobpasHaTa CTOMHOCT
3a F(1) moxe ga ce n3bepe Ha Gasa CTAaTUCTUYECKM UIUMCNEHUS. AKO MMaMe M3MepBaHusiTa Ha
apyra ousnyHa BenuMumnHa, KOATO € B 3aBMCMMOCT C PEKOHCTpyMpaHus noTok, To F(1) we npueme
Tasn CTOWHOCT, KOATO [aBa Han-gobpa kopenaums Mexay PEKOHCTpyupaHus NoTok M dmsnyHaTa
BenuuMHa.
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Ha6niopeHue n cpaBHeHMe Ha pefoBe OT eKCNepuMeHTalNHU AaHHU

Ha cur. 3 e nokasaHa 3aBucumocTtTa Ha notoka [KJ1 namepeH ot LIULIN-MO Ha HaydyHa
opbuTa oT 6pos cnbHYeBM nNeTHa. OTYETNMBO Ce BuxXAa obpaTHaTa kopenauus Mexay yBernmyeHneTo
Ha noToka M cnaga Ha 6posA cnbHYeBM NeTHa. 3aBMCMMOCTTa UM XapakTepa Ha KpaTKOBPEMEHHWTE
Bapuauuu Ha notoka ['KIl1 oT cnbHYeBaTa akTMBHOCT € nogpobHo pasrnenaHa B [3].

3aknioyeHue
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44



OanHnte 3a notoka KJT nonydyeHn ot LIULIN-MO, konTo ce Hamupa Ha HayyHa opbuTta
okono Mapc ce pasnuyaBaT OT Te3n 3a CBOBOAHOTO NPOCTPAHCTBO. Bbnpeku ToBa HanpaBeHUTe
pasrnexgaHusa nokassaT, Ye KaTo UdAno XapakTtepa Ha BpemeBusi pef ce 3anassa. [lpegnoxeHaTa
MeToAMKa NO3BONsBa Aa Ce Hanpasu OLeHKa 3a cpeaHaTa CTOMHOCT Ha NoTokKa.
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Abstract: The UV-index (UVI) is a measure of the erythemally effective solar radiation reaching the
Earth surface. It was introduced to alert people about the need of sun protection and to help for elaborating
recommendations about safety exposure to solar UV radiation. Therefore, the UVI has to be determined with
adequate accuracy and its forecast appears to be an essential task. To minimize the risk of too high sunburn
levels, the UVI previsions are usually made for clear sky conditions (cloud and aerosol free atmosphere). In such
conditions, the solar UV irradiance over a given geographical location depends mainly on the total ozone column
(TOC) and thus, the UVI forecast implicates the knowledge of the TOC. Schemes of one-day UVI forecast for
Stara Zagora and Bulgaria are presented and discussed in the present report. A detailed analysis has been
supported by results of the first tests performed from 19" Sep. to 19" Oct. 2019.
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Knrovoeu dymu: CribHyesa paduayusi, Obwo cbObpxaHUe Ha 030H, YB-uHOekc

Pe3rome: YB-uHdekcbm (YBUW) npedcmaesnsea Mspka 3a epumemarniHO eghekmueHama CiibHYesa
paduayus, docmueawia 3emMHama mnoebpxHocm. Tol bewe ebeedeH, 3a Oa npedynpexdasa xopama 3a
Heobxod0umocmma om 3aujuma om C/TbH4e80MO /IbYeHue U 3a 0a MoMoeHe 3a paspabomeaHe Ha rpernopbKU 3a
cueypHocm fpu eKcro3uyusi Ha ciabHYyesa YB paduayus. 3amosa YBU mpsibea Oa ce onpedens ¢ adeksamHa
moYyHocm u npo2Ho3upaHemo My rpedcmasrisiea MHO20 8axkHa 3adada. 3a MUHUMU3aUuUsl Ha pucka om CUJSIHO
C/TbHYEB80 U32apsiHe, npoeHo3ama Ha YBU obukHogeHO ce rnpaesu 3a ycrosusi Ha siCHO speme (6e3zobrayHa u
ceobodHa om aepo3osiu ammocghepa). B makuea ycnosusi cibH4Ye8omo YB nbueHue Had dadeHo 2eozpaghcko
MSICMO 3asucu eanagHo om obuw,omo cbObpxaHue Ha 030H (OCO) u maka npedckazeaHemo Ha YBU eknovea
ceedeHust 3a OCO. B doknada ca npedcmageHU U OUCKymupaHU cxemu 3a eOHOOHesHa rpoeHo3a Ha YBU 3a
Cmapa 3azopa u 3a bvreapus. [JemalnHusam aHanu3s e cbrpogodeH OT pe3dysimamume om mbpgume mecmose,
nposedeHu om 19mu Cenmemepu do 19 Okmomspu 2019 e.

Introduction

The ultraviolet (UV) irradiance reaching the Earth surface has an impact on the human’s
health. The UV-B irradiance stimulates the production of vitamin D, important for good being. However
the overexposure to solar ultraviolet evokes erythema and over long time it represents a risk of DNA
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damage and of skin cancer [1]. Sun related eye diseases and in acute cases snow blindness are well
established. To alert people about the need of sun protection, the UV-index (UVI) was introduced as a
measure of the erythemally effective solar radiation reaching the Earth surface. At a given moment t it
is defined as scaled integral over the wavelength given in nm of the solar irradiance at the Earth
surface Fi(A) measured in mW/(m2nm) weighted by the erythema action spectrum Ac(A), where the
value of 1/25 mW/m? is used as scaling factor [2]. By the scaling the UVI is a dimensionless quantity
and it is in the range up to 10 at midlatitudes at noon under cloudless conditions when the risk of
harmful sunburn is the highest. The UVI can be determined by highly precise spectrometric
measurements, by multichannel filter instruments and by UV photometers of the solar irradiance [3, 4],
which are ground based or represent part of satellite instrumentation.

In many countries, UV monitoring networks were established. In Canada there are 13 spectral
UV stations. In Austria the network involves 12 stations at different locations, equipped with
broadband UVB radiometers [5]. In Europe currently 160 stations in 25 countries deliver online values to
the public via Internet [6]. In Bulgaria a comparable net of automatic working stations does not exist.

To minimize the risk of too high levels of sunburn the UV-index is determined usually for clear
sky conditions (cloudless and aerosol free) at solar noon, when the risk of harmful sunburn is the
highest. Under clear weather conditions the UVI depends strongly on the total ozone column (TOC).
The UVI varies with the surface albedo and with the sun elevation change.

1. Data used for forecasting the ozone and UVI
1.1. Stara Zagora Observatory ground based station

The total ozone columns over the Stara Zagora Observatory are retrieved from UV irradiance
measurements by a GUV 2511 instrument. To determine the TOC and the UVI lookup tables [7, 8]
were calculated by help of the radiation transfer model TUV of Madronich [9]. Some instrument
parameters were chosen to adjust the TOC to the TOC OMI level 3 data. The data processing
procedure is described in detail in Werner et al. [7, 8]. In comparison with the OMI TOC the Stara
Zagora TOC over the whole measurement time interval of almost 5 years is biased by about -1 DU
and the root mean squared difference is 7.5 DU.

1.2. GOME-2 instrument satellite data

The Gome-2 instrument on Meteorological Operational satellites (MEOTOP) A and B is a
scanning spectrometer with a scanning width of 1920 km and a pixel field of view on the ground of
80x40 km?Z. Different websites make data and maps available. Level 3 data of the GOME-2 MEOTOP-
B are gridded at longitudes by 1.25° and at latitudes by 1.0° and can be found at
https://www.ospo.noaa.gov/Products/atmosphere/gome/gome_to3_dat B.html. To provide the near-
real time forecast the observed by GOME-2 ozone data are input in a data assimilation program
considering chemical ozone production and loss and dynamical processes as well [10]. The GOME-2
forecast total ozone column and the calculated UVI field data are available as HDF-files with a
resolution of 1.5° by 1° for ozone and 0.25° by 0.25° for the UVI. The METOP-B satellite orbits are
sun-synchronous and the satellite overpasses Stara Zagora about one and a half hour before solar
noon. Ozone overpass data are placed on the same website. UVI and all GOME forecast data for six
days in advance are published on the Temis website http://www.temis.nl/protocols/O3global.html for
selected locations and for the UVI map on http://www.temis.nl/uvradiation/world_uvi.html.

1.3. OMl instrument satellite data

The OMI instrument on board the AURA satellite is a scanning spectrometer, the same as
GOME-2 instrument. The swath width is 2600 km with a pixel area on the ground of 12 by 24 km?
[11]. Level 3 data of 0zone measurements are published at https://ozonewatch.gsfc.nasa.gov/data/omi
as ASCII data. The data grid is 1° by 1°. The AURA satellite orbits are also sun-synchronous, and the
satellite overflies Stara Zagora about one and a half hour after solar noon.

1.4. Topographical data for downscaling

For downscaling to higher resolution elevation corrections are used. The
Shuttle Radar Topography Mission (SRTM) provided global elevation data with 1 and 3 arcsec
resolution. Here we have used the 3 arcsec data set to retrieve the elevation map for the geographic
region where Bulgaria is located. (The map data were downloaded from the website
https://gdex.cr.usgs.gov/gdex/ (now a similar site can be found at http://dwtkns.com/srtm30m/). The
elevation map for the Bulgarian Area (8° x 4°) with 3 arcsec resolution originally consists of 8400 by
4800 grid cells.
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2. Forecasting Method
2.1. Forecast for the Stara Zagora location

To forecast TOC statistical methods can be used. However, in statistical models which have
been developed, for each location a lot of every day additional inputs of meteorological and chemical
character like the used ones in the GOME assimilation program are necessary. With the main goal of
UVI forecast usually an easier way to do this is preferred, where persistence of the ozone column is
assumed for the next day, which guarantees a quality that is convenient with the requirements of UV
Index forecast procedures [12]. From the GUV UV radiation measurements TOC and UVI, determined
for the actual day by calculated lookup tables are used as forecast for the next day. To validate the
ground based TOC and UVI the results were compared with satellite OMI and GOME-2 METOP-B
measurements and GOME-2 forecast data. For this purpose TOC over Stara Zagora (25.633 °E,
42.217 °N) was retrieved from the OMI and GOME-2 METOP-B maps by interpolation of the gridded
values for the Stara Zagora location. GOME-2 forecast at a location data were used, where the values
of the four nearest to Stara Zagora grid point values were downloaded and bilinearly interpolated. The
elevation differences of the four grid points of about 250 m are small and an elevation correction (see
the next section) was not taken into account. The UVI-LT using the lookup tables were determined for
the solar noon and were compared with the UVI-E calculated from the satellite TOC observations
based on an empirical model [13].

2.2. Forecast for the Bulgarian region

Because the absence of a Bulgarian ground based monitoring net for forecasting of TOC and
UVI the satellite Gome-2 forecast gridded data are used. Bulgaria is extended over the geographic
region between about 22 °N and 29 °N longitude and from 41 °E to 45 °E latitude, an area of 8° by 4°.
Thus the GOME-2 “forecast ozone at a specific location” and the UVI field data over Bulgaria are
determined by a matrix of 33 by 17 ozone values with a resolution of 0.25°. The ozone field has not
strong gradients over small geographic regions, which allows to minimize the time expense to retrieve
the forecasted values. A rougher grid with steps of 1° is used, with the lower left grid cell centre at
21.125 °E, 41.125 °N and the higher right grid cell centre at 29.125 °E, 45.125 °N (a matrix of 9 x 5
values). The data were further reduced using a grid step of 2° x 2° (a matrix of only 5 x 3 values). The
downloaded TOC and UVI 9 by 5 (respectively 5 by 3) values, characterizing the TOC and UVI
distribution over the Bulgarian area were downscaled taking into account the topography. The UVI
distribution can be extracted directly from the HDF file as well.

In the first step the retrieved forecasted TCO values were recalculated to sea level height by:

(1) TOC(h=0)"=TOC(h™)/(1—cZ"™ *h"" /1000m) , with h'o~ in meters
where the value of celev = 0.01 per km results from the assumption that the tropospheric ozone content
is about 10% of the TOC and the mean tropopause is at about 10 km height [14]. Schmalwieser [12]
based on UV measurements at the Austrian Sonnenblick high mountain station in comparison with EP
TOM satellite observations found an altitude dependce of 1.13% per 1000 m. In eq. (1) h'¥ is the
mean elevation over the grid cells of 0.25° x 0.25°.

In a similar way the retrieved forcasted UVI values are recalculated to sea level.

@  UVI(h=0) =UVI(h™)/@+c4 *h' /1000m), with hiow in meters
In the second step the TOC and UVI values for sea level heights are interpolated to a new
topographic grid with the higher resolution of about 1km. TOC values are recalculated by:

(3)  TOC(h"")=TOC(h =0)"" *(L—c5* *h"" /1000m) , with hhis" in meters
from the sea level heighs to the mean elevations h"a" given in the Bulgaria elevation map. The UVI
values were recalculated by:

@ UVI(h"") =UVI(h=0)""*(1+c4, *h"™" /1000m) *c,,, , with hhish in meters

where cap is an albedo correction factor. Using the TUV model we found out that the UVI elevation
correction ceev. depends only weakly from the sun elevation and from the sea level TOC. We obtained
an UVI increase with increasing elevation of 0.06 per km in very good agreement to the value of 6% to
8% per km given by Vanicek et al. [15] and Dahlback et al. [16]. Other authors have reported higher
altitude corrections, e.g. Diffey has established 16% per km [17]. (For more details see Schmalwieser,
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and the citations herein [18].) The albedo correction has to be introduced because it is substantially
higher in winter, when the surface or parts of it is snow covered. For the albedo correction we use the
UVI ratio

o UVI (albedo)
% UVI (reference albedo)

(®)

The effective albedo of soils and vegetation is about 0.03, which is used here as reference
albedo. Feister and Grewe found an albedo for surface fully covered by polluted snow of 0.62 to 0.76
[19]. McKenzie et al. established an enhancement in the UVA region of 22 % and in the UVB of 28 %
by snow corresponding to an albedo of 0.62 + 0.08 [20]. It has been established a stronger UV
irradiance enhancement for fresh snow and a decrease later when the snow pollution increases and
the snow is more packed. By means of the Madronich model we have found an albedo correction of
1.25 for a mean snow albedo of 0.6. An albedo correction of 1.06 was determined for beach sands
with an albedo of 0.14 [19].

The elevations h"g" in equations (3 and 4) are taken from the SRTM elevation map, where the
original data were box care smoothed by 11 x 11 points and the grid number in the Bulgaria map was
reduced from 8400 by 4800 to 763 by 436 pixels corresponding to a horizontal resolution of
approximately 1 km. The obtained elevation map for the Bulgaria region is shown in Fig. 1.

2734

-13
Elevationin m

Fig. 1. Elevation map for Bulgaria (in an area of 22°E - 29°E and 41°N - 45°N). The elevations are the means over
the grid cells of 0.00917° x 0.00917°. The land frontiers are shown as white lines, the coasts as light blue lines.

3. Results
3.1. UVI calculation

The UVI are calculated from the obtained ozone values for zenith angle at solar noon 12.17 LT
at Stara Zagora. The moment of solar noon at Stara Zagora changes only by + 2 minutes over the
year. The found out UVI at solar noon and for optical depths of zero during the test interval from 19t
Sep. to 19" Oct. 2019 are higher than the GOME-2 forecast values by approximately 1 to 1.5 UVI
units. In the empirical model [13] the cosine of the zenith angle was corrected and an aerosol optical
depth of 0.58 is used to compensate atmosphere scattering effects to calculate the UV irradiance for
clear days. The UVI of the Stara Zagora TOC series was calculated by both methods — first the UVI-
LT using the lookup tables and the UVI-E using the empirical model. If in the UVI-LT calculations for
clear sky conditions an optical depth of 3.5 is adopted then the mean bias (MB) is negligibly small and
the root mean squared difference (RMSD) between the UVI-LT and the UVI-E is only 0.08 and the
linear correlation coefficient is 0.9996. The maximal deviation of the UVI calculated by both methods is
about + 0.2, a small value compared to the daily forecast UVI errors from 0.1 up to 0.55 given for
GOME-2 Sofia overpass UVI data.

3.2. TOC and UVI forecast for Stara Zagora

The results of the Stara Zagora GUV TOC in comparison with the satellite TOC data during
the test period are shown in Fig. 2a and for the UVI in Fig 2b. The GUV ozone and UVI follow very
well the course of the TOC and UVI observed by satellites. It is interesting that on 08.10.2019 the TOC
by ground based and satellite measurements are higher and the UVI are lower, respectively, than the
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found by GOME-2 forecast data. The RMSD between the ozone forecast and the actual ozone values
is about 23 DU and the corresponding UVI RMSD is about 0.4 for the whole time period (2015-2019)
including summer periods for which the UVI for Stara Zagora is up to 10.

Total orone column UV index
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Fig. 2. Obtained by ground based and satellite instruments TOC and UVI for Stara Zagora for the test period
(19.09.2019 - 19.10.2019)

3.3. TOC and UVI Forecast for the Bulgariaregion

In this paper it is possible to present only one forecast example. The results based on
“forecast data at specific location” (using 9 by 5 grid values) for 29.09.2019 are shown in Fig. 3. At the
left hand side the maps show the recalculated to sea level and interpolated TOC and UVI. The
downscaled, elevation corrected TOC and UVI are pictured on the right side. It is clearly seen the
decrease of the ozone in mountain regions and vice versa - the increase of the UVI, both not evident
on the sea level maps. In the mountains, on 29.09.2019 the UVI is about 1 UVI unit higher than in the
surrounding area. In the summer, when the UVI is about 8 in plane regions, in the mountains an 1.5
unit higher UVI is to be expected, which is essential for sun burn protection.

B.Q

Fig. 3. The top row shows the interpolated on the topographic grid ozone distribution for the Bulgaria region.
The bottom row shows the same for UVI. The recalculated quantities for sea level are presented at the left side.
At the right side are shown the elevation corrected ozone and UVI distributions.

The UVI forecast map for one day in advance can be downloaded as HDF file in the morning
of the actual day from the Temis website with a resolution of 0.25° by 0.25° (see paragraph 1.2.). The
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part of the Bulgaria area can be extracted. The map of the scaled to sea level UVI (not shown here)
displays the same local structure and is very close to the one shown in the bottom left panel of Fig. 3
and the resulting downscaled UVI is almost the same as the downscaled map obtained using the
matrix of 9 by 5 UVI elements. The use of the HDF files is simple and the downscaled procedure is
very fast.

Summary

A forecast scheme for the TOC and the UVI was worked out based on downscaling of satellite
data to a grid with higher resolution. It is foreseen to correct the ozone and UVI values for surface
elevations and albedos for snow, soil and vegetation and beach sand by parametrization. The
correction factors were determined using the radiation transfer model TUV of Madronich. The analysis
of the results obtained during the test period shows that TOC and UVI forecasts were done with
sufficient accuracy.
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Abstract: We present an investigation on the structure and morphology of white-light solar corona using
the data from 4 total solar eclipses. We pay attention to the variations of the temperature, speed and directions of
the wind before, during and after the totality. A yet not fully studied atmospheric phenomenon observed
immediately before and after the totality are the so called “shadow bands”. During the solar eclipse of 2019 we
provided a new experiment for registering the shadow bands and comparing their parameters with the wind
characteristics.
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Pe3rome: [Ipedcmassme uscnedgaHe Ha cmpykmypama u Mopghosiocusima Ha C/ibHYe8ama KOpPOHa 8
6sina ceemsuHa no 0aHHU om 4 MbiHU CITbHYe8U 3ambMHeHUs.. Obbpuwiame HUMaHUe Ha U3MEHEHUEemo Ha
memnepamypama, ckopocmma u focokama Ha esimbpa npedu, no epeme U cned nbjiHama ¢asa. EOHO
HeHanb/IHO U3Yy4YeHO 8Ce owWe amMOoCcEePHO sierieHUe, Koemo ce Habmodasa HerlocpedcmeeHo npedu u cred
momanumema ca m. Hap. bssieawju ceHku. 1o epeme Ha crTbHYe8omoO 3ambMHeHUe om 2019 e. ocbuwecmauxme
HO8 eKcriepuMeHm o peaucmpayusi Ha bs2auume CeHKU U CPpasHsI8aHEMO Ha MEXHUMe XapakmepucmuKu C
me3u Ha esmubpa.

Introduction

The Sun is a main source and “engine” of the cosmic climate determining its parameters in
each and every moment of time depending on the magnitude and effects of the solar activity. The total
solar eclipses (TSEs) provide the opportunity for qualitatively investigation of both the accompanying
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processes and solar corona. The photographies of the white-light corona are useful for studying the
distribution of the coronal brightness, its shape, structure and flattening. But minutes before the corona
is revealed, when the Sun becomes a tiny crescent a few interesting events could be observed. As a
result of the rapid decrease of solar irradiance the atmospheric temperature usually drops [1] and
conditions for turbulent mixing of small amounts of hot and cold air as well as for formation of air fronts
are created. The temperature drop is larger in clear skies than cloudy skies [2]. There is also an
associated eclipse-induced reduction of the wind speed. Wind properties (such as speed and
direction) are connected with horizontal differences in atmospheric pressure, with the large-scale flow
direction usually immediately apparent from pressure maps showing isobars. Flows near the surface
encounter the additional effects of surface drag, modifying the wind speed and direction [3]. Since the
solar crescent is as thin as a point source of light. All these and other factors support the formation of
shadow bands immediately before and after the totality - diffraction effects caused by turbulence in our
atmosphere, which can be observed as faint shadowy patterns on the ground [4, 5].

It is well known that the shape of the corona is subject to significant variations during the solar
cycle [6]. The way of quantitatively describing the general coronal shape is the procedure first
suggested by Ludendorff 90 years ago [7]. The flattening index € can be determined by the equation:

_%+ﬁ+@_1

1) &€= :

P,+P+P,
where Ep is the equatorial diameter of an isophote, E; and E; are the diameters measured at angles
+22.5° to the equatorial direction and P; (0 <i < 2) is the analogous quantity for the polar direction. The
value of ¢ is a function of the solar cycle phase @ [7]:

T ,-—T..
q) — ecl min
(2) ___?_

Tmax " 'min

Here Teq is the moment of the eclipse (in years), Tmax and Tmin are the times of closest to the eclipse
solar cycle maximum and minimum, respectively. ® changes in the range from -1 to 1.
The flattening index is also linked with the maximum monthly sunspot number Wax [8]:

@ W =-2.8+466.1s

" —

This equation allows calculation of the maximum amplitude of the monthly sunspot humbers for the
next solar cycle with uncertainty of +65.

Members of our team participated in the successful observations of 4 solar eclipses — 1999
August 11 (from Bulgaria), 2006 March 29 (from Turkey), 2017 August 21 (from the USA) and 2019
July 2 (from Chile). Photographing the corona, shadow bands and registering eclipse meteorology was
part of all these observations, despite the instrumentation and techniques varied from one eclipse to
another.

Observations

We used the data from the eclipses in 1999, 2006, 2017 and 2019 to estimate the value of the
flattening index € according to our observations (Fig. 1.).

11 Augl999 29 Mar 2006 21 Aug 2017 02 Jul 2019

™, y d \ / | \ ,//—\ i\.\

:,;\ ) L) | \ L)

Fig. 1. The flattening of the solar corona as observed by our team at four total solar eclipses
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The results for € are given in Table 1. Since the four TSEs happened in different periods, we
also evaluated the parameter @ — the phase of the solar cycle. For the last two eclipses (2017 and
2019) we used the prediction of NOAA SWPC for the minimum of monthly sunspot number to be
reached in 2019 December.

Table 1. The values of the phase of the solar cycle @ and the flattening index ¢ estimated by our observations
of 4 total solar eclipses

No. Eclipse ® £+Ag
1 1999 August 11 0.689 | 0.053+0.0024
2 2006 March 29 -0.346 | 0.138+0.0014
3 2017 August 21 -0.411 | 0.220+0.0023
4 2019 July 02 -0.079 | 0.126+0.0011

The dependence of the flattening index on the sunspot numbers is shown in Fig. 2. The index
value increases with the decrease of the sunspot numbers [8]. The distribution of monthly average
sunspot number since 1995 January (as estimated by the Royal Observatory of Belgium) is given on
the right plot and on the left is presented the dependence of the index on the solar cycle phase.
Values obtained by our observational material are marked with larger dots and numbered as in
Table 1. Other values are taken by study from Pishkalo [8], who collected the values estimated by
different authors from TSEs in the period 1851-2009.

' T <y R S—— Y F—— ‘ -
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Tiose (Jagt 1D9SSep 2019) Plutse of solar activiy @

Fig. 2. Left panel: Smoothed monthly sunspot number since 1995 January. Right panel: Dependence of the
flattening index € on the phase of solar cycle ® shown separately for ascending (® > 0) and descending (¢ < 0)
parts of the cycle. The values for the flattening index € estimated using our observations are given with larger
circles numbered 1-4 as in Table 1.

Furthermore, the flattening index € of the corona from the 2019 July 2 TSE allows prediction
for maximum amplitude of the sunspot numbers for the 25th solar cycle. Using Equation 3, we
estimated Wmnax= 561£65. Our result means that the 25th solar cycle is expected to be lower than the
current, which had Wmax=146 peaked in February 2014. Predications obtained by other authors show
similar results. By exploring the flattening index of the corona during 2016 TSE another team predicts
Wmax= 70165 [9]. Li et al. [10] expect the next maximum in 2023 October with Wna=109, Javaraiah
[11] forecasts maximum amplitude as low as 50+10 and Rigozo et al. [12] give higher prediction with
132 maximum value of the sunspot number.

Another aspect of our observations during various TSEs (1999, 2006 and 2019) was exploring
the pre- and post-totality shadow bands (Table 2). During the 2017 TSE our team also performed a
videotaping of the bands, but the quality of the data does not allow accurate measurements. The data
from 2019 TSE consists of our preliminary results.

Table 2. Properties of the registered shadow bands before and after the totality during different solar eclipses.
The direction of propagation is measured from North (clockwise).

1999 August 11 2006 March 29 2019 August 21

Characteristics | before after before after before after
Duration [s] 88 62" 133 148 45 40
Width [mm] 10-17 10-17 18 16 60 60
Distance [mm] 62 57 30-80 13-55 50 30
Direction [°] 18 13 330 307 80 80
Velocity [m s 0.5 0.5 2-4 2-4 2.37 1.56
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To investigate a possible relation between the atmospheric conditions near the ground and the
behavior of the shadow bands during the 2019 July 2 TSE we also performed a monitoring of eclipse
meteorology. To track the changes in the surface air temperature we situated 2 teams 1 km away from
each other. The results obtained by the first team are shown in Fig. 3. They measured 3.5 °C
temperature drop during the eclipse with the minimum values reached 9 minutes after the totality,
while the second one registered 2 °C decrease and lowest temperature 28 minutes after the totality.
These differences in the results may be explained by the local peculiarities of the landscape around
the observational spots as well as by the different instruments used.

&

15000

10000

ae

S0

Temperature (°C)
Brightness (lux)

10 0
19:90:48 20:09:36 20:38:24 21:07:12 21:36:00 19:40:38 20:00:36 20:38:24 21:00:12 21:36:00

Tume (UT)

Fig. 3. The changes of the temperature (left panel) and the brightness (right panel) during 2019 July 2 TSE,
observed from Atacama Desert, Chile. Given times are in UT as the totality is observed
between 20:38 and 20:41 UT.

The wind properties are monitored using Gill Windsonic anemometer with 0.25 s time cadence
between two consecutive measurements. The data registered 2 minutes before and after the totality
(in the period of shadow bands observations) are presented as wind rose diagrams in Fig. 4. The
change of the wind direction before and after the totality from primary eastern to northwestern is
evident. The average wind speed also varied — from 2.37 m s in the moments before the totality to
1.56 m st after.

i
'

Fig. 4. Wind rose diagram showing the direction of propagation and the speed of the wind detected
2 minutes before (left panel) and after (right panel) the totality

The observed decrement of the wind speed before and after the totality coincides with an
increase of the period between the bands detected after performing a fast Fourier transform of the
observational data — from 0.53 s (before the totality) to 0.63 s (after the totality). These facts support
the hypothesis for a possible influence of the ground level wind’s atmospheric scintillation on the
pattern of the shadow bands.

Conclusions

We present summarized results from observations performed during four total solar eclipses —
1999 August 11 (Bulgaria), 2006 March 29 (Turkey), 2017 August 21 (USA), 2019 July 2 (Chile),
regarding the flattening of the white-light solar corona and eclipse meteorology in terms of shadow
bands monitoring.
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Our results for the Ludendorff flattening index and its changes in different phases of the solar
cycle are presented. A prediction of the maximum amplitude of the sunspot numbers for the 25th solar
cycle, based on the flattening index claims that we are about to face a less powerful solar cycle with
Wmax= 56+65.

The properties of the shadow bands observed during 3 TSEs are summarized and these from
the 2019 TSE are compared to the changes of the atmospheric conditions (temperature, wind speed
and direction, etc.). Our results can be considered as a confirmation of the hypothesis for a possible
influence of the ground level of the shadow bands propagation.

Acknowledgements

This report is supported by the project “Research on active solar processes during and beside
total solar eclipses” which is funded by the National Science Fund of Bulgaria with Contract No.
KP-06-H28/4 (8-Dec-2018) and the Ministry of Education and Science project No. 577/17.08.2018.

References:

=

Werner, E., C. Emmel, S. Wolf, N. Buchmann, J. P. McFadden, C. D. Whiteman, Atmos. Chem. Phys., 17,
14887-14904, 2017.

Aplin, K. L. & R. G. Harrison, Proc. Roy. Soc. Lond. A459, 2003.

Harrison, G. & S. Gray, Astronomy and Geophysics, 58 (4). 4.11-4.16, 2017.

Codona, J. L., Astronomy and Astrophysics, vol. 164, no. 2, p. 415-427, 1986.

Dyer, A. How to photograph a solar eclipse: A Guide to Capturing the 2017 Total Eclipse of the Sun, 2017.

Gulyaev, R. A., Astronomical and Astrophysical Transactions, vol. 13, Issue 2, pp.137-144, 1997.

Ludendorff, H., Sittungsberichte Preuss. Akad. Wiss., Phys.-Math. IClasse 16, 185, 1928.

Pishkalo, M., Solar Physics, 270, 347, 2011.

Dani, T., R. Prlyatlkanto A. Rachman, Journal of Physics: Conference Series, Volume 771, Issue 1, 2016.

10 Li K., J., W. Feng F. Y. Li, Journal of Atmospheric and Solar-Terrestrial Physics, 135, 72-76, 2015.

11. Javaralah J., New Astronomy, 34, 54—64, 2015.

12.Rigozzo, N R., M. P. Souza Echer, H. Evangelista, D. J. R. Nordemann, E. Echer, Journal of Atmospheric

and Solar-Terrestrial Physics, 73, 1294-1299, 2011.

©CEeNoakrwWN

56



S E S 2 0109
Fifteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
6 — 8 November 2019, Sofia, Bulgaria

MODELING MAGNETIC FIELDS OF ACCRETION DISCS IN BINARY STARS
USING NO-Z APPROXIMATION

Daniela Boneva?, Evgeny Mikhailov?, Maria Pashentseva?

1Space Research and Technology Institute — Bulgarian Academy of Sciences
2M. V. Lomonosov Moscow State University
e-mail: danvasan@space.bas.bg; ea.mikhajlov@physics.msu.ru; marusya_pashenceva@mail.ru

Keywords: accretion discs; magnetic fields; binary stars;

Abstract: It is well-known that the magnetic fields can be important for studying the processes in the
accretion discs. The disc evolution is connected with differential rotation, turbulence and convection of highly
conductive medium in the disc. It can be quite convenient to study the processes of the magnetic field grows using
no-z approximation, which is well known for the galaxy dynamo. We try to show the field evolution for accretion
discs around white dwarfs in binary stars using both Keplerian law and some modified rotation curves. It is shown,
that the magnetic fields can grow for quite small values dimensionless dynamo governing parameters (if we
compare with galaxies). We give typical plots of the solutions of different cases.

NO-Z NPUBNWXEHE 3A MOAENNPAHE HA MArHUTHOTO MNOJE B
AKPEUMOHEH ANCK HA IBOMHA 3BE3HA CUCTEMA
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Knrovoeu Aymu: akpeyuoHHU duckKoge; Ma2HUmMHU rofema, 08olHu 38e30u;

Pe3rome: MzgecmHo e, ye mMasHumHume nosnema Mozam Oa 6bOam eaxHU 3a u3ydasaHemo Ha
npouecume 8 akpeuyuoHHume Ouckoge. Egonoyusima Ha Oucka e cebp3aHa ¢ OughepeHyuasHomo 8bpmeHe,
mypbyrneHmHocmMma U KOH8eKyusima Ha CusiHo rnpogodsiuja cpeda 8 ducka. lNpoyecume Ha pa3pacmeauwjomo ce
MasHuUmHo rosie 6uxa moesnu d0a ce uscriedeam Kamo ce u3rnosidea npubrnuxeHue Mo z, Koemo e 0obpe u38eCMHO
npu eanakmukmu4yHomo AuHamo. Hue npedcmassiMe egosoyusima Ha fnosiemo Ha akkpeUyUuoHHU OUCKOBE OKOJIO
benu Oxydxema 8 080UHU 38630uU, Kamo U3rioJi38aMe Kakmo 3akoHa Ha Kernep, maka u Hskou modugbuyupaHu
Kpusu Ha ebpmeHe. [loka3aHo e, Ye MaeHUmMHUmMe rofjiema moz2am 0a Hapacmeam ripu docma Masiku cmolHocmu
Ha 6e3pa3mepHuUme napamempu, yrpasnseauju OUHaMoOmo (ako cpasHUM C 2asakmukume). lpedcmageHu ca
munuyYyHU epachuku ¢ peweHUsIma 3a pasfiuyHume crydau.

Introduction

During the binary stars’ evolution, accretion discs are appeared to be one of the most powerful
phenomena among the astrophysical objects (Frank et al., 2002; Spruit, 2010; Pringle, 1981). A basic
role in the disc’s physical processes and evolution take magnetic fields (Shakura & Sunyaev, 1973).
Partially, an angular momentum transfer, which is the most important mechanism of the accretion disc
existence, could be explained by the magnetic field activity. Its generation is usually described by the
dynamo mechanism, based on both processes the alpha — effect and differential rotation (Ruzmaikin et
al., 1988, Stepinski & Levy, 1990; Zeldovich et al., 1983). The generation of magnetic field and its
operation in accretion discs has been the subject of study for years (Tout & Pringle, 1996, Zhilkin &
Bisikalo, 2010).

The magnetic fields are thought to play an important role in evolution of accretion discs (Shakura
& Sunyaev 1973). For example, they should describe the transition of the angular momentum and
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another effects. We can assume that generation of this field is connected with dynamo mechanism, as
in other astrophysical objects, such as Sun, stars, galaxies etc. (Sokoloff et al., 2014). Dynamo
describes the transition of the energy of the turbulent motions to the energy of the magnetic field. It is
based on joint action of two different processes. The first one is the alpha-effect which describes vorticity
of the turbulent motions, and the second is the differential rotation (most of the astrophysical objects
rotate not as a solid state).

This mechanism can be studied by direct numerical simulation, but it is connected with different
problems. From the one hand, it is connected with very large computational resources. From the other
hand, the magnetic field will depend on different kinematic parameters not very transparently. We shall
have a set of the results, which are quite difficult to be analysed. So, it would be useful to have a simple
model of field, which gives us an opportunity to show the field evolution, using several well-known
characteristics of the object.

As for galaxies, where no-z approximation is widely used, it has been developed for thin discs
(Moss 1995; Subramanian & Mestel, 1993). For such objects, the magnetic field approximately lies in
the equatorial plane. The z-derivatives of the field can be changed by the algebraic expressions, or
taken from the solenoidality condition for the magnetic field. One of the main advantages of this model
is that we can describe only two components of the field which depend on only two different coordinates
(as for the axi-symmetric case we can reduce this dependence to one coordinate).

It would be quite effective to use the no-z approximation for modeling the magnetic fields of
galaxies (Moss et al., 2016). Firstly, it is necessary to describe the dynamo governing parameters for
such objects. Secondly, we should take into account the flows of the medium in the accretion discs.
Also, it is necessary to revise all main characteristics of the model to make it applicable for accretion
discs.

The main aim of our work is to describe the magnetic field in accretion discs using no-z
approximation. Also we take the nonlinear modification of the equations, and typical differences from
the linear case. In the next sections we present the basic equations and the results of numerical
calculations.

Basic equations and parameters of the accretion disc

In the case of a thin disc approximation, we assume that the matter moves with angular velocity
Q. If we accept that the velocity has a Keplerian value (Frank et al. 2002) (it's coming from the

requirement that Keplerian velocity should be highly supersonic - ¢, « (GM/R)l/Z), then: 2 = 2k (R) =
1

(%) 2, where

M, - the mass of the accreting star (depends on the studied object); R,- radius of the compact object

(for the white dwarf primary, the average value of the radius is usually accepted to be <10°cm.)

In the case of steady thin disc approximation, again, for the radial velocity we can write (Frank
et al. 2002):

Tmins =

v = =21 - (Fminyz |

where 7,,i,, expresses the inner disc radius R;,4, T - the distance to the object, v = %’ - the
viscosity.

The values of the inner radius of the accretion disc vary, depending on the velocity and radius
of the white dwarf star (as an example: inner disc radius R;,,4 = 3 R,,q4 — 5R,,4)- Adopting that the radius
of the white dwarf is R,4 = 0.0118R (solar radius), which is the radius of the primary star in dwarf
nova V2051 Oph (Ophiuchi), and accepting the Keplerian character of the disc, we have
~3.87R,,; (Baptista et al.,1998).

When we study the magnetic fields in accretion disc around white dwarfs in binary systems, we
will use the approach which is quite similar with the galaxy dynamo.

According to the dynamo theory, the magnetic field’s evolution is characterized by the
Steenbeck - Krause —Radler equations (Steenbeck et al. 1966) or the mean-field dynamo equations.

Q) Z—l: = rot(aﬁ) + rot[V, §] +vAB,

where B'is the magnetic field, « is the alpha-parameter - describes the alpha-effect, V is the

large-scale velocity (usually connected with rotation), and v is the turbulent diffusivity. This vector
equation contains three scalar equations, which are quite difficult to be solved. Here we describe the
simplification of these equations using the approaches of no-z approximation for accretion discs.

For alpha-effect we can take the model (Moss, 1995):
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where h is the half-thickness of the disc, and a,(r) is the typical value of the alpha-effect for r.
The alpha-effect is connected with the Coriolis force and the coefficient is proportional to the angular
velocity of the rotation (Arshakian et al., 2009): a « Q.

We assume that the z-component of the magnetic field is quite small, and for another parts we
can take:

3) B,.(r,z,t) = B.(r,0,t) cos (Zh)
B, (r,z,t) = B,(1,0,t) cos (g)

The system of equations for the magnetic field component in the disc plane is obtained to be:

0B, a aZBr

(4) ?=_53¢+n(622 (rar( BT))
63¢
ot B tn (622 (r 6r( Bd’)))

where 7 is the magnetic diffusivity, h - the disc half-thickness, 7 - the distance to the disc
centrum, {2 is the angular velocity.

The second derivatives of the magnetic field on the perpendicular to the disc direction can be
replaced by algebraic expressions as follows (Moss & Sokoloff, 2013):

(5) 9%B, _ _ mBy
9z2 4h2
623¢ _ _77.’23¢
dz2 4h2

So, the equations of the field will be the following (Moss & Sokoloff 2013):

G): ao 2B, G):

©6) e ¢ N 4h? _Vra_r+ 6r(r6r( Br))

9By, _ _dn n’By 9By
Fr drBT 1 4h? _I/Ta_r+nar rar(rB¢)

where V, is the radial velocity of the flow of the medium.
After some reconstruction and including the dimensionless parameters, as the a effect,

ha(R 2o(R)R?
differential rotation and magnetic field dissipation in the disc plane: R, = «(®) , R, = 0(17) and
A== the non-z approximation system of equations takes the form:

0By _ _ Rq _T[ZBT_ 20
™ Fr B¢ 4 +4 or (r ar ( BT))

0By 3R, 2By 0B, 5 0
at  2r3/2 Br 4 W or cH A ar \ror (T‘B¢)

. . . h? . .
Here we measure time in units of X the distances are measured in R.

The magnetic field growth cannot grow infinitely. Its value is restricted by the equipartition value
B*(r). If we measure the magnetic field in units of B*(R), the equations will be:

dBr _ _ Rq (4 BF+BG _ By 6Br 20 (10
(8) ot r32 (1 B*Z(r)) B¢ 4 4 +A%5 or ( (rB, ))
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9By _ _3Rwp _™By |, 0By 150
at ~ 2r3/2 B, 4 Vr or +A%5 ar \ror (TB¢)
We take the value of the disc inner radius R;,, to be large enough. That could be further useful
for studying a wide range of phenomena.

Results

The problem in this paper was solved numerically using finite — difference method with zero

outer disc’s boundary conditions: B,—, = By, =0

The behavior of the magnetic field is characterized by a dynamo number = R, R, , which
describes both the possibility of field growth and the rate of this growth (if present). Note that the
magnetic field increases with the increase of D. This way the dynamo effect is threshold. The magnetic
field can grow exponentially when the dynamo exceeds a certain critical value Dcr determined by the
properties of the model. Thus, it increases at D > Dcr and decays at D < Dcr. In similar models for
galaxies, it was found that Dcr = 7. In the case of an accretion disk, a numerical calculation shows that
Dcr = 0.112, i.e. the critical dynamo is noticeably lower. It can be shown that D~h2Q2v~2 (Arshakian et
al., 2009).

The evolution of the field over time is presented in Figure 1.

Fig. 1. The linear case of the magnetic field B time dependence for 3 different values
of the dynamo number D (D =0.1, 1, 3)

In the frame of linear models, the results show that the magnetic field can increase unlimited
(as in Fig. 1), which is contrary to the physics sense. This requires the use of a model in which the
saturation is counted. In this case, for similar values of the parameters and taking into account the
nonlinearity of the alpha - effect, the magnetic field does not increase unlimitedly. It reaches the level of
equal distribution, after which the increase stops. The saturation can be estimated by introducing a
nonlinear modification of the coefficient responsible for the alpha effect:

(B2 + B’Z))

R, - Ra<1 e

Then the radial structure of magnetic field with nonlinearity is looks like as in the Fig. 2 below.
Fig. 2 shows the case of nonlinear equations. Here we can see the characteristic dependence of
magnetic field for different inner radius. For smaller inner radius the maximum field will be larger.
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Fig. 2. Magnetic field B against the distance to disc centrum r, for 3 different inner radius of the disc ;4.
The non-linearity of the a - effect is shown in the calculations.

The values and results are obtained based on the data parameters of Dwarf Nova binary star
IP Pegasi (Marsh, 1988; Steeghs et al., 1997).

Conclusion

In this paper, we have modelled the magnetic field of the accretion discs using no-z
approximation, which was historically developed for galaxies.

We have obtained the time dependence of the field, its radial structure and the critical dynamo
number.

It was shown that the field can grow much faster than in the galaxies (in dimensionless units of
time). From our point of view, it is connected with another rotation law, which describes larger gradients.
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8b8 penamususma (8be OTO u omend Hes). llle npocnedum npedrnocmaskume u rocraedcmeusama om
e8b3byxx0aHemo u Oelicmeuemo Ha MHo2oMepHa Hedeghopmupauja adeeKyusi 8 KOCMoIo2u4eH KoHmekem. Lle
aHanusupame rfpecmpykmypupaHemo 68 hopMayuume, Koumo s eeHepupam U we npociedum epb3Kume
Koumo msi ¢hopmupa 8 MHo2006pa3zuemo. Llenma e da ce ymebpOu MexaHU3bMa Ha ¢hyHOameHmarsHa
adseKyusi Kamo yHugsepcasieH hu3u4eCKU 3aKOH.

ADVECTION INTO A MULTIDIMENSIONAL MEDIUM
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Abstract: We study how our hypothesis evolves — self-induced advection in the relativism (in GR and
beyond). We will trace the prerequisites and consequences of the excitation and action of multidimensional non-
deformable advection in a cosmological context. We will analyse the restructuring of the formations that generate
it and trace the relationships it forms in the manifold. The purpose is to affirm the mechanism of fundamental
advection as a universal physical law.

1. BbBegeHune

B nopeguua ot crtatum [9-12] pasrnexgamMe paslvpsiBAHETO Ha MexaHu3Ma afBekuus u
pasrpblaHeTo Ha MoJena Ha akpeLUMOHEH AWUCK B aKTUBHW ranakTuyHu siapa, 6asupaH Ha pasBuTMeTo
Ha MexaHu3ma [8], BbB obLiaTa Teopusi Ha OTHoCUTENHOCTTa. Tam ce AUCKYTMpa M Kak ce noenuseaT
CTPYKTYpUTE Ha MHoOroobpasveTo OT npaBuTe M obpaTHM BPbL3KM Ha afBekuusTa. PeanHocTTa e
MHOXECTBO CLUMTU W BMSIETEHU MHOroobpasus - copmauun. B kayecTBOTO cv Ha cbyHOaMeHTaneH
MexXaHn3bM agBeKUUAaTa TpF|6Ba Oa Bb3HUKBa HaBCAKbAE KbAeTO MMa rpaButaunda He3aBUCUMO OT
BMAa Ha MHOroobpasueTo.

2. TO — npecdopmynupoBKM CBbpP3aHU C KOHLieNnuuaTa 3a doyHaameHTanHa agBekuus

Kakto Beye yTouyHuxme B [12] paboTMM c TepmoanHaMmKa Ha NpOCTPaHCTBO-BpPeEME U e XybaBo
Aa npedopmynupame HSKOU OT NOHATUSTA:

«» BpemeTo kaTo aHTWUIor Ha TemnepaTypa. (C HamansiBaHeTo Ha TemnepaTypata T—0, Ry—
(n3npaBs ce KpuBMHATa Ha MNPOCTPaAHCTBO-BPEMETO) U S—~ (max: T[-paBHoBecue)
npocTpaHCTBEHaTa NMITbTHOCT Hamansiea [E/area]—0 n ce nsyepnsa reHepanHaTta Mocoka Ti
onpegernsiia cTpenara Ha BpeMeTo, KOeTO BOAM A0 HEFOBOTO NPOCTPaAHCTBEHO pa3nnutaHe c
Bb3CTaHOBABAHETO Ha cuMmeTpusiTa ti 3arydbeHa npu Bb3HUKBAHETO HA MHOroobpasneTo);

+» [lpoCTpaHCTBO-BpEMEBUTE MHOroobpasnsi ca aHano3u Ha eHTponuu (npumep BH-x0pu3oHT);
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7

% CBeTnuMHaTa BbB YNCTO BPEME € aHaror Ha 3Byka BbB BakyyM. — (3a Aa Cce pasnpocTpaHsiBa
cBeTnMHaTa € HeobXxooumMo MOHe €efHO MPOCTPAHCTBEHO M3MEPEHME B KOHKPETHOTO
MHoroobpasue).

3. KocMonorv4yHu acnekTu KopecnoHguMpalum ¢ nosiBata Ha pyHaameHTanHa agBeKkums

MeTpukaTa, rmobanHa wu mokanHa, € CBbp3aHa MpAKO C pa3BMBallaTa Cce afBekuus B
KauyecTBOTO M Ha nbreH gudepeHuman. 3atoBa ¢opmaTa Ha (hyHOameHTanHaTa afBeKuusi, KaTo
nsBa cTpaHa Ha ypaBHeHusTa (3) e 0cobeHo BaxHa, Tbi KaTO MOXe MHOro TOYHO Aa onpeaeny Bmaa
Ha MHoroobpasuneTo no AvHamuyHa knacudpukaums [12]. Hawarta BceneHa npuHagnexu Ha 3-Tun
OuHamnyHo MHoOroobpasme CcbC "cTaTuyHa" TOMOMOrMS U KBa3u-CTaLMOHapHa MeTpuka U
AoKasaTencTBO 3a ToBa e, Ye He HabngaBame nosiBABalLM ce 1 M34e3Balum 06eKkTM B MakpocBeTa,
KaKTo TOBa Ce CIy4YBa Ha KBaHTOBO HUBO;

AdvHamuyHo MHoroobpasue ¢ HecTauuoHapHa MeTpuka 4-Tun MoXe Aa MMa ocobeHn TOYKM Mo
BpeMeBa OC KOHTpONiMpaHa OT 3Haka Ha eHTponusiTa, mopagu CMHXPOHHO onpeefieHaTa cTpena Ha
BpemeTo ¢ T-=0.

MbpBUYHO € MHoroobpasve Bb3HWKHANO npe3 as3oB npexog B TepMoAMHaMukaTa Ha
NpOCTPaHCTBO-BPEME, KOraTo BPEMEBa KOMMOHEHTa Ce ycyye TOSKOBa, Ye ce camonpeceye. To
Bb3HMKBA KaTo XxunepbomnuyHa TOMKa C paguyc paguycbT Ha MbPBUYHMA WHCTAHTOH (BpemeBM
CONMWTOH) BB3HUKHAN npu camonpecunyaHeTo. Ts  ce Hamupa B CenfioBMaHa Touvka Mexay
n3aMepeHusiTa (max-min) 1 criegoBaTenHo UMa noutu Hynesa kpuemHa K ~ 0 (cpegHa oueHka Ha
He3Ha4yMTenHO Markarta KpMBMHa Ha NPOCTPaHCTBOTO Aasar [4, 5]), T.e. n3rnexga nnocka:

Tosa nossonsia ncesao-HwToHOBOTO MHOroobpasne (HawaTa BceneHa kato MbpBUYEH KITOH)
CbC MeTpuKa:

dr?

ot rz(dé?2 +sin® Q.dgoz)

(1) ds® =—c?dt? +a(t)’

Magko Aa ce Bnvwe B MHoroo6pasueTo ¢ nceBao-EBknmaoBo npoctpaHcTeo Tvn 5D(21(),3D);
N C KaHOHMYHa NnceBao-EBkNMaoBa MeTprka KOETO KOMeHTUpaxme B [12]:

3 2
@ g =0~ dr,
1 1

Hai-npocToTo pelleHve Ha Han-no3HaToTO ypaBHeHUe Ha AnHwarH Gy = 0 e NpocTo NIocko
BpemMe Ha MuHkoBckn. ObuyaiHuTe ypaBHeHUsa Ha ARHWAaNH obade moraT ga 6bagaTt gecopmupanm
Taka, 4Ye fa npvemaT KOCMONOrMYHata  KOHcTaHTa. Ta3n pgedopmauusi, KosTo MbpeBo 6Gelle
NpeanoXeHa W MO-KbCHO OTXBbprfieHa OT camust AnHLWawH, e HeobxoauMma 3a MofenupaHe Ha
KOCMOJSIOTMYHOTO paswupsiBaHe Ha HawaTta BceneHa. HabniogaBaHOTO YyCKOpeHO pasliunpsiBaHe
BEPOATHO MOXe Aa ce 0O6SACHM C HaNMYMeTo Ha MOSTOXUTENHA KOCMOSOrMYHa KoHCTaHTa [2]:

3 G = —87zGTHv + Ag v

[6]: PasrnexgaTt paHHaTa TbMHa eHeprus KaTo KOCMOMOrMYHa KoHcTaHTa. A B [4] npegnonarar,
Yye nMOTeHUManbT Ha CKanapHOTO Morie, KoeTo 3aaBwxkBa WH(nauuata, 6um pencrsan kaTo
KOCMOMOrMyHa KOHCTaHTa, KOATO HamarnsiBa ¢ BpemeTo.

Kocmunuyeckata uHdnaumsa kaTo 4vacT oT pu3nyeckata KOCMOSIOMMS HapyllaBa 3aKOHbT 3a
3anasBaHe Ha eHeprusaTa OT obuwara Teopuss Ha OTHOCUTENHOCTTa. M3rmexga csakaw T4 e B
CbCTOsIHME Oa npousBexaa eHeprna (M maca) oT "HMLWO", 3aWoTO NIbLTHOCTTA Ha eHeprusTa Ha
BaKkyyma e npubnuantenHo nocTosiHHa, Ho 0beMbT Ha BceneHarta HapacTBa eKCnoHeHUMarnHo.

B HawwuTe pasrmexgaHus TbMHaTa eHeprus (TE) e TepMoguHamuyeH OTkaT, CNeAacTBMe Ha
Bb3HUKBAHETO B KOMTO CbLUECTBEH MPMHOC MMa W OTAENsAHeTO Ha rpaBuTaumsaTa B lNnaHkoBaTta epa.
TE npegctaBnsiBa cobcTBeHaTa AMHaMuMKa Ha MHOroobpasmeTo 1 KaTto TakaBa ce npegnonara, 4e e
MOCTOSIHHA W CbOTBETCTBA Ha KOCMOSOrMyHata KOHCTaHTa u3o0Wwo, a He camMO B Hayanoto.
OBellecTBABaHETO Ha MaTepusaTa (paxdaHe-aHuxurnauyus) ocBoboxgaBa NPOCTPaHCTBEHA MITbTHOCT
M 9 wu3ceetBa B MHoroobpasmeto. Taka oTcnabeHOTO MNOBBPXHOCTHOTO HamnpexeHue Ha
MHOroo6pasmeTo BCe No TPyAHO MPOTMBOCTOM Ha UHepLMsATa OT Bb3HWKBAHE BbINPEKN Ye BbNpocHaTa
e nocTosiHHa. lNMopaam ToBa paswupeHneTo ce YCKOpsSBa, a CbrNlacyBaHeTO Ha mpouecute Boau A0
u3Boaa, ye
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(4) a, =const ; n ckopocTTa Ha pasLumMpeHne uma napabonuyHa yHKLUA Ha HapacTBaHe.

OToenstHeTo Ha CUIHOTO B3aMMOOEWNCTBME Cb3daBa BTOPUYEH OTKaT. yﬂapHOTO paxaaHe-
aHnxumnauna Ha KBapKute ocBoboXxaaBa PA3KO eHeprndta Ha MNpOoCTpPaHCTBO-BpeME KaTo Taka
npegn3BuKea VIHCbJ'IaU,VIFl. MH(*)J'IaLI,VIFITa € MPOCTO KOCOTO nNnoKayBaHe Ha napa6on|/|qHaTa CKOpPOCT
npegn 14 Aa JOCTUrHe niaBHO HapacTBaHe.

4. D,'preTa MHOFOOﬁpaSMﬂ U BPB3KNUTE KOUTO aABeKUMATa nirpaxga B 1TAX nu Mexay 14X

BTopnyHn MHOroo6pasus Bb3HMKBAT MPU KPUTUYHA HENMMHENHOCT W HapylleHa rnagkocT no
HsIkoe M3MepeHue. ToraBa ce MnosiBsiBa MOJSiloC B MbPBMYHOTO MHOrooGpasne 1 BNOCneacTBUE OKONO
Hero ce hopmmpa MHCTAHTOH.

4.1. Knacudgpukayus u npupooa:

N3cnegBaHusita B paMKkMTe Ha TeopusiTa Ha CTPYHWTE HacoyYBaT BHMMAHMETO U KbM
ypaBHeHusITa Ha AlHLLANH C oTpuuaTerniHa KOCMOJIorMYHa KOHCTaHTa (oTpuuaTterniHa CTOMHOCT Ha A).
ToBa ypaBHEHME HsIMa MIIOCKO MPOCTPaHCTBO KaTo pelueHne. Halii-npocToTo My pellueHue € CUITHO
CMMETPUYHO MPOCTPaHCTBO-BpEME, HapeyeHo aHTu-ge Cutep (AdS) npocTpaHCTBO — pelleHust Ha
yepHaTa Aynka. YpaBHEHUsiTa C oTpuuaTesiHa KOCMOOrMYHa KOHCTaHTa CbLLO AomnyckaT docTa
HeobMYaiiHN CBbP3aHN PELUEeHMsl, HapeYyeHn YepHa LKHA. Tesn pelleHus UMaT KpalHu eHeprusi u
MOMEHT, N0 rofiemMu OT Tean Ha cTaluoHapHa YepHa GpaHa.

4.1.1. busam 0sa 8uda — 8 bMPEWIHU:

UepHuTe Aynkv npucbCcTBaT B siapaTa Ha MOBEYETO ranakTuky, mMacaTa Ha LeHTpanHarta
yepHata aynka e okono 0,2 % oT MacaTta Ha 3Be3auTe B ranakTukata. AgBekumaTa Bb3HWKBA MbPBO B
ONCKOBMS1 KOMMOHEHT Ha akTUBHOTO S4PO U Ce pa3BMBa BbB BPb3KM C OCTaHanuTe My enemeHTu [11].

Pa3BMBalLOTO Ce MarHUTHO MoJfie rapaHTUpa Cb34aBaHETO Ha YMITbTHEHM MPbCTEHM, KOUTO
BOOAT CPeOHOTO TeyeHMe B KOMNaKTHUS 00ekT. AABeKTUBHUAT BUHT [9-10] e npoAabrkeHue Ha
aflBeKTMBHaTa cnupana crepg nocregHa ctabunHa opbuta. NMoTokbT, KOWTO Ce CbXpaHsiBa BbB BUHTA,
NpUHaanNeXxmn Ha OCHOBHWUS MOTOK, NPeMUHan npe3 ekBaTtopuanHus nposopeud. B pesyntat Ha ToBa
a[BEKTUBHUAT BMHT € pasnosfioXeH Wu3Usano B eKBaTopuasniHata paBHWMHA W e MNPOCTPaHCTBEHO-
OrpaHn4yeHn BbB BepTMKanHa nocoka Z.

TeueHneto pgoctura nbpBo Eproccepata — cBeTnuHHO-nogobHa (nNporycka o6paTHO 4ypes
NbYEHNETO Ha XOKMHr), KBasW-MMHUMMANHa poTauMOHHA MOBPBbXHUHA [3], KOATO npeMunHaBa

6esnpensitcTBeHo. Mo Hest BpemeTo 3anoysa Aa ce o6pbLua, HO He B NPOCTPaHCTBO, @ 7 > 7, . T4

He MOXe [a NPOHMKHE B MHOroobpasmneTo 3apagu CBosiTa Npupoda 3a pasnuka OT NPOCTPaHCTBEHO-
NoJo6GHUSA XOPU3OHT Ha cbbuTKATa.

XopusoHTa e min-(2D+2D) space-like surface (UmMnuHOBLP — ceyeHueTo My e cdepa) —
nepdekTHa egHoNocoYHa MembpaHa, BbpXxy KOSATO ce aybnupa xonorpadycko Konme Ha BCUYKO KOETO
NnpeMyHe rpaHulaTa Ha eprocdpepara u ce crnycHe no BMHTa. XOpPM30OHTa MOXe Ja ce pa3rnexaa, kato
abcontoTHO ornegano — oTpassBa ~TenenopT C HeM3BECTEH (POKYC; Konupa ~xonorpad; n nornblia
~TyHenupa B MHOroobpasmeTo npe3 BpeMeBU U3MepeHUs. ALBEKTUBHUAT BUHT CE pa3BuBa Mo Hero,
KaTo CpeaHOTO TevyeHue crefBa BbTpellHaTa CcTeHa Ha MHoroobpasueTto. Tasu BUHTOBa dhopma e
NpsKo CNeacTsme, nocrneauvua oT ToBa, Ye agBekumMaTa TOYHO criefjBa MeTpukaTa Ha MHOroobpasmeTo.

CwuHrynapHata 6e3 orpaHmyeHns Ha obLLIHOCTTa € UMnNuHAbP C kpaeH paguyc 3a Keposa n r—0
3a lBapauwmngoBa yYepHa gynka. AKO TS npuTexaBa HaKakbB 0606LeH nonspuTeT (AMnaTtoHHO-
3apsagoB, He 3apsdoB) Le ce CTpeMu A ObpXKW TEYEHMETO Ha OCHOBHUSA MOTOK Aaney. Bb3mMoxHo e
TS Ja MEHW curHaTyparta CvM MHTepBariHo, HO TOBa MOAMEXM Ha npoBepka. VIHTepBanHaTa CMHrynapHa
3a BCEKM 3HaudeLy MHTepBal NpuTexaBa CbMbTCTBALLa CTPYKTypa B CbOTBETHATa anTepHaTuBa M CbC
CbOTBETHa curHatypa. B Tasu Bpb3ka OpTOroHanHOTO BPEME MOXE [a € NEepuoUYHO, HO He €
LMKINUYHO (MperynsHo e).

4.1.2. BbHWHU — ¢bunusu

XUNoTeTUYHO BCsika CTalMOHapHa 4YepHa Aynka MoXe ga OTBOpM AOCTbM [0 AblUepHo
MHoroobpasue (xopu3oHTa kaTo TenenopT). Lisnata matepus, koaTo Te nornbuart oT Ta3u Bcenena
(ToBa MHoroobpasue), ga ce M3non3ea 3a Cb3daBaHETO M CHabOsBaHETO Ha HOBO AbPBO. B TO3M
CMUCBLI ,BCENEHUTE cCe penpoayuupaTt, a YepHUTe OYMNKU ocblLLecTBsiBaT cBoeobpaseH ecTecTBeH
nogbop”, cmarta Jinn CmMonuH.

NoesaTa e, 4ye yepHWTe Oynku cb3gaBaTt HOBM BceneHn (unm mHoroobpasms) n B HAKOW OT THAX
LLle UMa MNoBeYe YepHU AynKK, a B ApYrYM — Mo-Marnko. Taka egHUTe Le UMaT Mo-KpaTbK KUBOT, JOKATO
ApyruTe Lwe ca no-ycTonymem.
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Cnopen matemaTtnum oT Okccopd M TeXHU komern OT Typuus, HAKOM YepHW AYnkn BbB
BceneHata B MOMeHTa He ca nopoAeHW OT HeWHuTe npouecn. TexeH MaTemaTuyecku MoAen
aHanm3npa KocMmyeckata pagmnauuna ot Nonemus B3pMB N CMATaA, Y€ HAKOU YepHU OYyNnKMn MOXe Oa ce
oKaxaT no-ctapu oT camata Bcenena [7].

TakaBa xmnoTe3a NoCTaBs BbMNpoOCa He caMo Kak marnexaa [12], HO 1 Kak ce 3apaxia u
peanu3upa oyHOameHTanHa agBeKkums B e4Ha HancTMHa YMcTo BpeMeBa cpeja.

4, 3aknio4veHue

AnBekuuaTa Ha yHOAMEHTanHO HMBO ce onpegensd OT ABa daktopa — TononorusaTa Ha
MarHUTHOTO MOJSie N camorpaBuTauuaTa Ha opmMaumsaTa B KOSTO Bb3HUKBA. Tasu ctatnsa e 4acTt oT
HOBO M3cneaBaHe, KOeTo uma 3a Len Aa YTBbpAu penatMBucTkata agBekuuns, kato yHaameHTaneH
MexaHuM3bM. Tyk onpegensMe OCHOBHaTa JMHWST Ha Obdewmte Ccu  pasrnexgaHusi BbpXy
npobnemaTukaTta Ha BbMnpoca.
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Abstract: Large modifications in global atmospheric electrical circuit (GEC) are observed during major
solar proton events (SPE), namely, experimentally measured variations of the potential difference (or atmospheric
electric field, AEF) Ez at surface both at high and low latitudes. AEF E; at high latitudes shows unexplained large
variations: |Ez| can be as high as ~1 kV/m, yet Ez can untypically change its direction from downwards to upwards
for time larger than the relaxation time in GEC. At low latitudes significant variations of AEF (10% and more) are
also observed. There is typical mutual dependence between E: variations at both latitudes: at high latitudes E;
exceeds its average value at the first phase of SPE and becomes smaller in the second phase; at low latitudes
the reverse relations take place. Such behavior of AEF E: cannot be explained only as result of enhanced
ionization during SPE leading to conductivity changes in high-latitude middle atmosphere. We consider the role of
SEP particles in formation of additional electric currents and fields in GEC. To clarify the role of this factor,
1D modeling is performed based on the continuity equation for the Maxwell current. Initial results show that the
role in GEC of the penetrating solar proton flux is considerable.

HASEMHU MOOU®UKALIUM B NOBAJIHATA ENNEKTPUYECKA BEPUTA
Nno BPEME HA CITbHYEBU NMPOTOHHU CbBUTUA

MeTbp ToHeB

WHemumym 3a KocMmuyecKu uscriedeaHus U mexHonoeuu — bbrzapcka akademus Ha Haykume
e-mail: ptonev@bas.bg

Knroyoeu OAymu: AmmocghepHO enekmpuyecko riofie, eKeueasleHmHa eJfiekmpuyecka eepueaa,
mok ‘lioHocghepa-3ems’

Pesrome: [lo epeme Ha eonemu crbH4Yegu npomoHHU cwbumus (ClfIC) ekcrnepumeHmanHo ca
HabndasaHu 2onemu Modugukayuu 8 enobanHama ammMocgepHa enekmpudyecka sepuea (FEB), uspa3eHu 8
YamHocm, 4pe3 gapuayuu Ha rnomeHyuanHama pasnuka (unu ammocgepHo ernekmpuyecko none, AET) E; Ha
HUBOMO Ha 3eMsima Kakmo Ha 8UCOKU, maka U Ha HUCKU 2eogpaghcku wupuHu. AET Ez Ha 8UCOKU WUPUHU UMO
HeobsicHeHuU 2onemu eapuayuu 0o ~1 kV/m, a cbwo Moxe 0a CMeHs1 HarpasieHUemo CU 8 HaCO4YeHO Hazope, 3a
8peme, rno-20/15IMO 0m 8pememo Ha penakyua 8 EK. Ha Hucku wupuHu cbwo ca HabmodasaHu 3HaqdumesiHu
(Had 10%) molducbukayuu Ha AEl. Vma esaumHa 3asucumocm mex0dy eapuayuume Ha AEl E; Ha dseme
WUPUHU: Ha 8UCOKU WUpuHU E; nbpeo 3HayumernHo npesuwasa cpedHomo cu 3HadyeHue npedu CIlIC, a cned
moea cmaea ro-Masiko om He20, a Ha HUCKU WupuHU cmaga obpamHomo. Toea nosedeHue Ha AEl E; He Moxe
Oa ce 0b6scHU camMoO Kamo pe3dynmam Ha ycuneHama UoHusayuss om CIlIC, eolfewa 00 u3MeHeHus Ha
nposodumocmma 8 cpedHama ammocghepa Ha 8UCOKU WUPUHU. Hue udcnedsame ponsma Ha Yacmuyume om
SEP nipu ¢popmupaHemo Ha dobagbyHU ennekmpuyYecKku mokoee u nonema 8 EB. 3a da ce u3sicHU ponsima Ha
mo3u ¢hakmop, npednoxeH e 1D moden 6aspaH 8bpPXy ypasHEHUEmMO Ha HEeNMpeKbCHamocm 3a Mb/HUS MOK.
Mbpsume pesynmamu rokaseam, 4ye posisima 6 ([EB Ha nomoka cribHYe8U MPOoMmOHU € 3HadumersiHa.

Consideration of observations

First, we consider observations of atmospheric electric fields E, at surface (z = 0) done at high
latitudes in periods of major solar proton events (SPE) of GLE type. Observations are used here of
atmospheric electric field (AEF) E; at surface (z = 0) performed in Apatity, Russia, (67.3°N, 33.2°E) at
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geomagnetic latitude 63.8° during three SPE in 2001, namely on: i) 15.04, ii) 18.04 (Fig. 1), and iii)
04.11 [1]. For this events the maximum proton flux > 1 MeV is 1.4x103for i), 1.5x103 for ii) n 2.3 x 103
for iii) [particles/cm?/ster/s], according to GOES-10 data. The time period of principal rise of the solar
proton flux is 20—40 minutes, although its very maximum may be reached up to 10 hours after the SPE
arrival. Data from measurements show unusually large variations of AEF E; with typical features which
are more pronounced for last two events, ii) and iii). Fig.1. shows E; variations in case ii). Two different
phases are distinguished. In the first phase (resp., ~8 and ~2.5 hours from the SPE onset) the
average AEF E.a is much bigger than the average E, before the SPE arrival; also, E, demonstrates
large and fast jumps between its minimum and maximum values (from 120 to 540 V/m for SPE ii, and
from 115 to 840 V/m for SPE iii). In the second phase jumps between E, minimums and maximums
are large, as well (from —-20 to 160-170 V/m for these both SPEs), however the average value Eza is
much smaller than before SPEs. Another peculiarity in the second phase is that sometimes AEF
changes its direction from a downward (which is typical in fair-weather regions) to an upward
(E; becomes negative) for a time period which can be longer than the relaxation time constant for GEC
(7 min). For SPE i) (15.04.2001) [1] similarly AEF E; reaches untypically large positive ~+600 V/m in
its first phase and large negative ~— 900 V/m values in the second phase. However, in this SPE an
extra peculiarity occurs: before the SPE arrival E; initially rapidly increases to 500 V/m, then abruptly
jumps to extremely large negative value of —1 kV/m.

It should be noted that some similarity exists between the discussed peculiarities for AEF E;
with variations of the vertical electric current J; in Antarctic stratosphere (at ~32 km altitude) observed
at a balloon platform during GLE on 20.01.2005 [2, 3]. For this last event J; is directed downwards, as
usual, however, much larger than its pre-SPE average value J;a during initial 5 hours, in spite of the
large increase of conductivity. In contrary, during the last eight hours of SPE J, reverses to upward,
yet has large value: |J;| > 2Jza.

A series of measurements of AEF E, during SPEs (with GLE) have been performed at low
latitudes, as well: at CASLEO, Argentina (31.8°S, 69.3°W), 2552 m altitude a.s.l. [4]. Typical features,
which differ in the first and succeeding periods of SPEs can be observed at these latitudes, as well,
however they differ from those observed at high latitudes, when compare AEF Ez with its average
value Ea found for quiet conditions. A typical example is for SPE on 17 May 2012. Fig. 2 shows time
variations of E; (pure line) and E:a (line with confidential intervals added). At the first phase (for more
than 3 hours after SPE arrival) E; is significantly (up to 17%) smaller than E;a. During succeeding >6
hours considerable increase (up to 38 %) of E; occurs above the average E;. Statistical analysis of
eight major SPEs have shown that thus demonstrated features are common for measurements in
CASLEO [4].

It is thus demonstrated that the variations of Ez around its average Ea are of opposite sign at
high and at low latitudes: while at initial phase of SPEs E;, >> E;a at high latitudes, and E; < Ez, at low
latitudes, in a later phase E; << Eza at high, and E > Ez,, at low latitudes.

Finally, for a comparative analysis, we consider respective results at middle latitudes.
Variations of AEF E; at sea level during SPE on 11 April 2013 from measurements performed in
Reading, United Kingdom (51.45°N, 0.97°W) are commented [5]. It is useful to note, for our goals, the
peculiar effect which has occurred within a period of 10 minutes with the arrival of SPE: AEF E; has
changed three times its direction from the typical downward to upward; each time it has reached
~—200 V/m - much larger than its average before SPE.

Further we propose 1D modeling based on an ‘equivalent electric circuit’ in order to clarify the
discussed peculiar effects of variations of AEF E; during SPE when extra electric currents are formed
in GEC. It should be noted that the previous models [7] cannot predict such variations in GEC.

1D model representation of GEC during SPE

We represent GEC in a single hemisphere (under assumption for ‘symmetry between
hemispheres’) by an ‘equivalent electric circuit’ (Fig. 3) under quasi-static conditions with account of
the capacitive atmosphere. Here three links for electric currents between the well conducting
ionosphere at z = Z = 80 km (upper horizontal line) and earth (lower horizontal line) are included.
These represent regions of: a) thunderstorms which generate current into the ionosphere (Rrs); b) fair-
weather regions at all sub-high geomagnetic latitudes < 65° (R..); c) fair-weather regions at high
latitudes > 65° (RnL). Each region R is characterized by a its own profile of conductivity or(z),
0 < z < 80 km. These profiles are adopted from [6] for R and Rts and from [3] for Rrs for SPE
conditions. The source continuity equation V-(J + Jsrc) = 0 is used, where J is the Maxwell current
density, Jsc is the common electric current source of from the tropospheric electric generators
(Jrsre= const), and that created by SPE (Jesrc). This source equation leads to the following system of
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three equations in 1D presentation, for each region Rts, R, and Ry (respective characteristics are
noted in italics):

0 2 4 6 8 10 12 14 16 18 20 22 24 (UT)

Fig. 1. Atmospheric electric field E; in Apatity (67.3°N, 33.2°E) during SPE (ii) on 18.04.2001

L}
\
#

F

i i .'- :

. A |

B -, Fi B | v i 5
b ‘_\_ ll."'l i : | t\\/ = 1

o0 [ 0B g 2 15

Fig. 2. AEF Ez in CASLEO (31.8°S, 69.3°W) during SPE on 17.05.2012 (pure line) compared
with the average AEF E:a (line with hourly error bars of one standard deviation added)

(1) d(orER)/dz + e (Er /dz dt) = dIrsre/dz

where the index R relates to region R, Jrsc(z,t) — source current in region R. The system (1) of
equations for Rts, Ru. and Rw is solved under conditions:

2 Jrs(t, z=0) + Jui(t, z=0) + JuL(t, z=0) = 0;
(3) Vrs(t) = ViL(t) = Viu(t) = V(1).

Here Jr(t,z) is the total Maxwell current from ionosphere to surface, and Vg(t) is the ionospheric-
surface potential difference for R-th region. This last is computed as follows:

@) Va®=[" .2/ (on(2)A )z

Vr(t) should be the same for each region R. We assume Jrsrc = const by time. The initial condition at
t = 0 is given by the steady-state characteristics Er, Jr before arrival of SPE when Jpsic = 0. Each
region R is characterized by a unified profile of atmospheric conductivity or(z). For region RuL the
profile ouL(z) is adopted from [3] for conditions of SPE (GLE) on 20.01.2005. Conductivity profile of onL
of region RLL is adopted from [6] for low latitudes, and orts = onL above z = Zct = 6.5 km accepted as
average cloud top altitude. Between the average cloud bottom altitude Zce = 2.5 km and
Zct ors = onl/3 to take account of reduced conductivity in clouds. Below 2.5 km ors = 20w, to present
the role of lightning discharges.

Model results

For a estimation (in terms of our simplified model) of the GEC response to SPE in its initial
period of the proton flux increase up to its maximum Fmax in time tmax We accept rather simplified
assumptions for the flux of protons of energies >1 MeV which penetrate to the upper model
atmospheric boundary of 80 km averaged for region RuL, and for the current density profile Jo(t,z) by
termalized protons below 80 km. The respective expressions are given below.
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(5) Jp(t,2) = gefp(t,2)AnL
where (e is elementary charge. fp(t,z) is assumed to be an exponential profile, as follows:
(6) fo(t,2) = Cp exp (z/Hp)

which is determined on the height interval between z .= 25 km and zu = 78 km from conditions:

a) The ratio fp(t,zu) / fp(t,zL) is equal to the average ratio between fluxes of protons of energies >1
MeV and > 100 MeV at model top boundary, z = 80 km.

b) The total proton flux F(t) at time t (integrated over the height interval [z.,zg]) is assumed here
(for simplicity) to be a linear function of time: F(t) = Fmaxt/tmax. We determine it here for Fmax=102
cm~2s7!, tmax=20 min, to have accordance with events i-iii considered above.

The scale height Hp is determined from condition a) as Hp= (zu — z)/In [fp(t,zu)/fp(t,zL)]. Here we
accept that the ratio fp(t,zu)/fo(t,zL) averaged by time is = 200, to have accordance with SPE i)-iii), and
obtain H p= 8.590 km. The constant C; is determined from condition b) so that the flux f, integrated by
height to be equal to the total flux F(t).

The first results from the model obtained with the proposed assumptions and parameters give
the next estimations for the relative maximum change (RMC, in percent) of AEF E; at surface at both
high (RMChx) and all lower (RMC.) latitudes, for two values of Fmax:

Fmax, cm=2s™! 50 100
RMCH, % 25.3 51.4
RMC., % -2.6 -5.1

These values obtained with rather idealized assumptions show that in the first SPE period of
increase of the proton flux AEF significantly increases at high latitudes, and has a decrease at lower
latitudes which is about one order of magnitude smaller than at high latitudes, but, nevertheless,
cannot be neglected. This estimation is in accordance by the type with AEF variations observed at
both latitudes at the first SPE phase. The modeled variations are much smaller than the observed
ones, possibly, due to oversimplification of the model. Nevertheless, the estimations are much closer
than the predictions in [7].

Understanding the global GEC response to SPEs is important for clarification links between
SPEs and weather formation revealed in [8].

Conclusions:

- Synchronism between variations of atmospheric electric field E, observed during major solar
proton events at high and low latitudes takes place. While in first case E; has initially positive
changes, and then negative, opposite sign of variations takes place in the second case.

- A simple 1D model of global electric circuit based on continuity equation for electric current
density is proposed to explain variations of E;.

- The first model estimations predicts the synchronism between E; variations at high and low
latitudes, but the magnitude of variations is smaller. Development of more adequate model
may be needed in order to obtain better predictions.
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Abstract: “Observer” has been developed - a module that provides 3D rendering of the
dynamics of multiple satellites in terrestrial orbits. It is possible to launch two "observers" simultaneously,
each with different parameters. The parameters of each "observer" are entered in a special dialog form.
The parameters (observation point, viewing angle, coordinate system, size of the window) of each of
the "observers" can be changed during the simulations.

Complex of subroutines have been developed to generate "satellite constellations”. The
distribution of satellites is specific to this type of space missions — in several orbital planes with the same
inclination, but with different arguments of ascending nodes, evenly spaced within the equatorial plane.
The true anomalies are evenly distributed within each orbital plane with appropriate phase shift. The
number of satellites and their orbital parameters are selected depending on the scientific or applied
scientific tasks to be solved.
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Knroyoeu dyMu: KOMIMIOMbPHU cuMynauyuu, rnpoekmupaHe Ha KoCMu4ecku mucuu, MHO20CIbMHUKO8U
cucmemu

Pe3rome: PaspabomeH e “Habmodamen”— modyn, kolimo ocuaypsiea 3D usobpassieaHe Ha QuHamMukama
Ha MHOXEecmeo CMbMHUUU Ha OKO/0-3eMHU opbumu. Bb3MOXHO € eO0HO8peMeHHO cmapmupaHe Ha 0ea
“HabriroGamerns”, 8ceku om Koumo e C pasfudyHu rnapamempu. lNapamempume Ha eceku “Habnwodamen” ce
8bgex0am om crieyuarnHa duanoeosa chopma. lNpomsiHama Ha napamempume (moyka Ha HabrnodeHue, 3pumersieH
b2bJ1, KOOPOUHamMHa cucmema, pa3Mmepu Ha rpo3opeua) Ha eceku om “Habnrodamenume” Moxe Oa ce usebpuiea
8 xo0a Ha cumynayuume.

PaspabomeHu ca Komrmiekc rnodrnpoepamu 3a 2eHepupaHe Ha “CmbmHuUKosu cb3ge3dusi”. 3a mosu mun
KOCMUYECKU MUCUU € XapakmepHO crieyuchuyHoO pasnpedernieHuemo Ha ChbMmHUyUMme 8 HSKOIKO opbumarnHu
PasHUHU C eO0HaKeO HaK/IOHEeHUe, HO C pasfuyHu ap2yMeHmu Ha 6b3X00suume 6b3/iu, PagHOMEPHO
pasnpedenieHU 8 paMKume Ha eksamopuasHama pasHuHa. B pamkume Ha ecska om opbumarnHume pasHUHU
UCMUHCKUME aHoMasnuu ca PasHOMEPHO pa3anpedesieHu ¢ nodxodsuw,o azoeo ommecmeaHe. bposm Ha
cnbmHuyume u opbumanHume um napamempu ce rnodbupam 6 3asUcUMOCT Om peliasaHume HayyHU umnu
Hay4YHO-MPUIOXKHU 3ada4u.

Introduction

Ideas for many-satellite (satellite constellations, spacecraft formation flying) experiments and
their application are increased in the recent years. Advance in development of mini-satellite technology
is also essential.
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Complex space missions are being established on the base of conception of distributed satellite
sensor systems [1, 2, 3, 4]. Such missions require the application of computer simulation based analysis
and design methods. Complex multi-physics models and multi-solver applications multi-dimensional
multi-parameter simulation experiments lead to the need of parallel calculations.

Previous work

Algorithms and calculation instruments for multi-satellite space mission design are under
development in SRTI- BAS [5, 6]. The developed tools are included in experimental program system for
space mission simulations [7]. So far, the software system has been able to simulate the dynamics of
satellites in terrestrial orbits and to conduct situational analysis. Given the emerging new interesting
problems related to the functional modeling of complex multi-satellite systems equipped with various
service and scientific tools, there is a need for visualization in the course of simulations. Therefor tools
have been developed to simulate an "observer", which shows in a window a model scene from the area
where the experiment or measurement is being conducted.

Tools for modeling of satellite constellations and processes, related to the operation of service
systems and scientific instruments have been developed in the last time/recently.

Development of “observer” type object

The development of an object of type "observer” is associated with the creation of a class with
appropriate attributes, describing the object. A version of the class “observer” is shown on figure 1. The
observer created a rectangular frame in which the observable objects are displayed. Objects of interest
in terms of space mission design tasks are regions of Earth surface, satellites, and celestial objects.
Appropriate calculations are required to display the objects in the observer’s window.

module
type  Observer
logical Earth I To image (.true.) or not to image (.false.) the Earth.
logical satellites
logical Sky I To image (.true.) or not to image (.false.) the sky.
integer KS 11- GeKS, 2- GrKS

integer fitita ! fi- longitude and tita- latitude
real*8 distance ! distance to object
real*8 | I coordinate of “eye” of the observer in coordinate system

union I parameters of the windows'
map
integer width,high
end map
map
integer win(2)
end map
end union
end type Observer
end module

Fig. 1. Some of the possible parameters of the ,Observer” class

dopmMupaHe Ha usoGpaxkeHue Ha 3emaATa

3D image of the Earth globe is calculated in the coordinate system of the observer. For this
purpose, a 2D raster color image (such as in Fig. 2, right) is used to form the spherical image. The image
is rendered on the observer window.
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Fig. 2. Coordinates of pixels from Observer's window (m,n) determined direction of the viewing ray

The calculations of Earth’s globe image are based on concept related to viewing rays, which
intersects the sphere representing the Earth surface. The following equations system is used as
mathematical model of this concept:

(x —Cp)? + y? + 22 = Rg?
E y E

Z=n.t

The first equation of system (1) defines a spherical surface with a center coinciding with the
center of the Earth in the coordinate system of the observer and a radius equal to the average Earth’s
radius (Re = 6371 km). The other three parametric equations determine the lines passing through two
points, with coordinates (I, 0, 0) and (0, m, n) respectively (Fig. 1). Substituting x, y and z from the
parametric equations in the first one and making possible transformations we obtain quadratic equation
for parameter t:

(2.  (@+m?+n2).t2-2L0+Cg).t + ((+Cp)? —Rg?) = 0.

By solving (2) we find the value of the parameter t. Returning to (1), we will find the points, where
viewing ray intersects the Earth's surface, in the coordinate system of the observer. If the observer is in
a geo-equatorial system (GeCS), the transformation in the part related to translation is only along the x
axis. Furthermore, if the x-axis of the observer coordinate system does not coincide with the x-axis of
GeCS, i.e. we have rotation of angle ¢ and we also have rotation of y-axis of anglej, i.e. the observer
is not in the plane of the equator and then two successive transformations are required:

x' = x.cosg + z.sing x" = x'.cosA + y'.sind
3). y'=y ully” =—x'.sinl + y'.cosA
z' = —x.sing + z.cos@ z'= 7

These transformations are sufficient for the Greenwich Coordinate System but for
transformation in the Geo-Equatorial System, more transformations have to be added because of the
Earth's rotation 1 = A, + wg. t

Thus, the coordinates (x"”,y", z'") give the geographical coordinates of the corresponding point
in the image of figure. 2. These coordinates determine the pixel of the 2D image that is displayed in the
Observer window.

Simulation of satellite constellatios

Recently, there has been a growing interest of research, connected with capabilities of satellite
constellations to solve remote sensing tasks on Earth and to study near-Earth space. The deployment
of different sensors on satellite platforms, located in a specific way around the Earth, enables to collect
information from many different points at the same moments. In addition, there are specific
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configurations that allow collection of information within limited time frames that is appropriate for some
tasks.

Most constellations can be classified by one of the following categories [10]:

— Walker (Delta/star) pattern constellations,
— Streets-of-Coverage constellations,

— Geosynchronous constellations,

— Elliptical Orbit pattern constellations,

— Other constellations.

The use of templates facilitates generation of satellites constellation models and also prevented
constellation design’s errors. This approach allowed investigating and achieving the optimum number
of satellites and their distribution for particular scientific tasks. The use of templates facilitates the
generation of satellite constellations models and prevents design errors.

At this stage, a preliminary version of Walker- Mozhaev type constellation [8, 9] was developed.
In this type of constellation, the orbits of the satellites are circular and distributed in several orbital planes.
An image of such satellite constellation with 890 satellites distributed in 5 orbital planes is shown on
Fig. 3. The semi-major axes are 7500 km, eccentricities e = 0.01 and inclinations | = 30 degrees,
respectively.

The formation an image of a satellite constellation is important, because in addition to defining
the model, it will mostly be applied in simulations to present a dynamic picture a representation of
dynamics. Development of the "observer" object by adding an attribute that defines the possibility of
"seeing" satellite objects. Similarly, other objects located on the celestial sphere or on the earth's surface
can be added.

Fig. 3. lllustration of satellite constellation

The geometric model outlined above is used to display the satellites on the observer screen
(there may be two "observers"). Here, the guide vector of strait lines passing through the "eye" of the
observer (located in (1,0,0)) and the satellite is determined by the coordinates of the observation point
(1,0,0) and the coordinates of the satellite in the coordinate system of the observer (Xsat, ysat', Zsat'). Since
the equations of motion of the satellites are in GeCS, the coordinates must be transformed into the
coordinate system of the “observer”. The transformations of (3) are used. Initially second transformation
from (3) is applied for case of rotation around the z-axis.

Thus, if the line passing through the eye of the observer and the satellite does not pierce the
sphere associated with the earth's surface, the satellites are "visible" and their pixel coordinates on the
observer's screen (where they are to be displayed) are calculated. If the viewing ray intersects the
sphere (two piercing points), there are options for the satellite to be behind the Earth and not visible, or
it is in front of the Earth and should appear on its image. For this purpose, the distances from the
observer's location to the piercing points of the viewing ray with the sphere representing the earth's
surface are determined. The distance to the satellite is compared to the distance to the nearest piercing
point.

Parallelization of visualization algorithms in the Observer window

For more efficient use of computing resources (if more than one processor is available), the
visualization of objects seen by one or two "observers" is computed based on parallelization. One thread
is used for each observer. The performed experiments used the "union of pools" model [11], which in
addition to pools of calculation threads can work with individual calculation threads. In this case, one
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pool of threads will be engaged with trajectory calculations of satellite constellation and two threads for
rendering the two Observer’s windows containing the Earth was combined in one “union of pools”.

Another computation experiment was also conducted in which all calculations for visualization
of the satellites of the simulated constellation for the two “Observers” were combined with other
calculations. In this case calculations were performed within individual computational thread in second
“union of pools”. Thus, two unions of pools functioned in this example.

Conclusion and future work

The approach with use the “Observer can be applied to simulate measurements with optical
instruments when designing remote observations on the Earth's surface, in addition to presented
illustration of the geometry of space experiments. In this case, an “Observer’-type object is created for
each optical instrument with certain parameters (viewing angle, field of view containing a certain number
of pixels) on the basis of which an image is formed. Different images can be rendered on the base of
the generated data from optical instruments located on different satellites, when simulate measurements
in the frame of distributed sensor mission.

Developed set of algorithms and subroutines related to Walker type satellite constellation
composition will be extended to cover and other type of multi-satellite systems.
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Abstract: A methodology is offered for an adjustment on a model for contours for control of light
maneuvering aircraft.

Mpn MogenupaHe Ha KOHTypW “nunoTt-cuctema 3a ynpasneHue-camoneT’ obukHOBEHO He ca
M3BECTHM NoApPOBHOCTM OT cucTemaTa 3a ynpasneHue. Han-mHoro ocobeHocT uma B ynpaBneHmeTo
Ha opraHuTe 3a M3MEHeHVe MapamMeTpuTe Ha HAOTbXHOTO ABWXKeHue. PeanHuTe xuapomMexaHW4Hu
CUCTEMM 3a yMpaBfeHWe B TO3M KaHan umaT aBTOMaTW, CneundUYHn OeTainm U YeCTO HEJTMHENHU
MmexaHuamm (dur. 1, 2 u 7). MogenupaHeTo ce U3BbpLUBA C ONPOCTEHM MOAENM Ha cucTemaTa 3a
ynpaBereHne, KOUTO OTYMTaT Han-BaXXHWTE CBOWCTBA. Moaxoasiwy moden 3a ToBa e npegaBaTenHaTa

k, _rad/m
C, N/m’

8

YHKLMSA Ha yCUrBaTeNHO 3BEHO ch ( p) = Bxoa B cuctemarta 3a ynpaBneHue e
YCUINMETO Ha NMUMOTa B HIOTOHM BbPXY PbKOXBaTKaTa Ha focTa 3a yrnpaBneHue, a n3xos OTKNOHEHMETO
Ha opraHa 3a HagJTbXHO ynpaeneHve B pagnaHu. pyn TakbB ONPOCTEH MOAEN Ha cucTemarta 3a
ynpaBreHne Moxe ga ce nonyydaT gobpu pesynrtatv OT MOLENUpPaHeTo OOpPM W Ha cryvauTe C
pernctpmpaHa konebaTtenHa HEYCTOMYMBOCT Ha KOHTypa (“paskadka’, nmpeynpaBnsemMocT unu no
aHrnunckaTa TepMuHonorns “overcontrol”), KOUTO ca CBbp3aHM C OTKasM Ha cuctemaTa 3a
ynpasnenune (CY) nnm HeENHM CbCTOSIHUS, KbM KOUTO PearnHuUsT NUIoT HE MOXe Aa ce ajantupa v ga
ynpaensea. [NaBHWTE MpUYMHKU 3a KonebaTenHa HeycTOMYMBOCT ca WM ronaMo npefaBaTeriHo
4YNCNo Ha cucTemaTta 3a ynpaBfieHWe UMM Marnka npuBefeHa KopaBuMHa Ha flocTa 3a ynpasleHue,
KouTo “npoBokupat’ peanHus nunoT (CbLWO WM MoAena Ha nunota) da nonagHe B pPexuM Ha
konebarenHa HeyCTOMYMBOCT, M3MbIIHSABaWKM MporpamaTa Ha noneta (Han-4ecTto Npu NpomsiHa Ha
pexumuTe). KbM napameTpute Ha Mogena, OT KOMTO 3aBWMCWU HEroBOTO MPaBUITHO (PYHKLMOHUPaHe
cnagaTt npaBWUMHMAT nogbop Ha npuBegeHata kopaBHa Cs M NpedaBaTeNHOTO OTHOLUEHUE Ks Ha
cucTemata Mexay pbkoxBaTkaTa Ha JiocTa 3a yrnpaBrfieHME W OpraHuTe 3a HaAlTbXHO YynpaBsrieHue.
Mo-HaTaTbk ca npeanoXeHu cnocobu 3a HagexaHo W npaBuNHO ModenupaHe Ha CY B Simulink.
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lMpeonaraHata MeTO4ONOrMA Ce onvpa Ha HOpPMUTE 3a YNpPaBNAEMOCT, KOMTO BCAKa CTpaHa € BbBena
W KOUTO Mariko ce pasnu4yasart.

3a ga ce cb3gage gopu Hanw-npocT mogen Ha CY, e HeobGxoaMmo MbpBO Aa ce onpenenu
npepasateneH koeduumeHT ke Ha cuctemata 3a ynpasneHve B HaabXHUA kaHan. ToBa Moxe ga
CTaHe KaTo ce M3nonssaT AaHHWTEe 3a AuanasoHuTe Ha OTKINOHeMe Ha NocTa 3a ynpasreHne n Ha
aepoavHamMu4HUTE opraHu 3a ynpaeneHue. CtaBa gyma 3a cpefeH koeduUUeHT Ha npegaBaTenHoTo
OTHOLLEeHMe B aumeHcusa ‘radian/m” unu “1/m”, 3awwoto pagnaHbT € 6e3pasmepeH. To3m koeduumneHT
ce nosny4aBa KaTo ce pa3genu uana3oHbT Ha OTKITOHEHME Ha OpraHa 3a ynpasrieHue B paguaHu Ha
X0Ja Ha NnocTa 3a ynpaeneHue B kabvHata B MeTpu.

®ur. 1. KnHemaTnyHa cxema Ha XMapoMexaHUYHO ynpaBreHne ¢ perynmpyema npuBegeHa kopasmHa
Ha Npy>XWHHO-HaToBapBaLns MexaHuabM (APH-aBTOMaT 3a perynupaHe Ha HaToBapBaHETO) KaTo PYHKLMS
oT npubopHaTta ckopocT Ce = f(Vi) 1 HennHeeH MexaHn3bM C Ke = f(Xs)
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our. 2. an/IMGPEH Onanas3oH 3a OTKIOHEeHMe Ha NoCTa 3a ynpaBrieHne, 3aKOH 3a USMeHeHUe Ha npueeneHata
KOpaBuHa Ha Npy>XMHHO-HaToBapBaLlnAa MeXaHU3bM KaTo prHKLLI/Iﬂ oT an60pHaTa CKOpOCT Ce=f(Vi)
N XapakTepuctuka Ha HelmilMHeeH MexaHN3bM

OOGMKHOBEHO OT HEeYyTparnHo NosioXKeHne NOCTLT 3a ynpaBneHne ce OTKNoHsIBa Hanpea Ha 0,15
m, a Ha3ag 0.25m, npu KoeTo 06LL0 XOabT OT KpaHO NPEAHO 10 KpalHO 3a[IHO MOMNOXEHME € OKOIo
0.4m. [Jmana3oHbT Ha OTKIMOHEHME Ha ynpaBnsiemM cTabunusaTtop Hail 4ecTo e B rpaHuMuuTe - “Ha
nukupane” go 8° , Ha “kabpupaHe” go 16°. CnepoBaTenHo, 06uwo okono 24° auanasoH (cpegHoO OKOJo
0.41 paguana). MNpu TakMBa Hai-o6WM napaMeTpu Ha Bepurata 3a yhnpasrieHue, CPeaHusT

npenasateneH koedpuumeHt Ha CY e Ks = 0.41/0.4 = 1.04 rad/m, KkoeTo MOXe Oa ce 3aroxu B
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yncnutens Ha oTHoweHneTo keo/Cs. B 3aBMCMMOCT OT KOHCTpyKUMSATa, TO3UM KOE(UUMEHT Ke 3a
ynpaensiem ctabunmsatop mMoxe ga 6vae mexay 1..1,5 (1/m). Hopmute npenopbyBat npu Kopmuna
3a BMCOYMHA Kg 1,5...2.5. CTOMHOCTMTE ca NO-rofiemMm oT Te3un 3a cTabunuaaTtop 3aoTo U Auanas3oHbT
3a OTKITOHEHWe Ha kopmunata e no-ronsm (Hag 0.5 paguaHa). 3a enepoHuTe Ke = 2...2.5 (1/m), 3a
negamv K, = 5...15 (1/m). Hai-npaBunHoO npu MogenvpaHeTo € Aa Ce M3non3eaT peanHu OaHHU C
TakvnBa ONMEHCUM.

Mo oTHoweHne Ha 3HameHaTensa (Cs) B nNpefasBaTernHa yHKUMA - MoAen Ha cuctemaTa 3a

k, _rad/m

8

C  N/m

6
HOpMUWTE 3a YNpaBrsiemMocT. VI3BECTHO €, Ye CBPBbX3BYKOBUAT (MM OKOMNO3BYKOBUSAT) camoneT e “Han-
YyBCTBUTENEH” B YMpPaBNeHWETO Ha Marku BUCOYUMHUM W OKOSTO3BYKOBM MMM BUCOKUM [OO3BYKOBU
ckopocTtu (M = 0.8...0.95). Tam e Han-MankMaT XOof Ha IIoCTa 3a U3MEHEHNETO Ha NPeToBapBaHETO C

ynpasnexue B Simulink W, (p)= , B HAOMBXHUA KaHan uma cneunduka, cBbp3aHa ¢

n
eaJnHuua | XBy | M Han-mManbK peaneH rpagmeHT Ha ycunmneTo 3a MsmMeHeHMeTo Ha npeTtoBapBaHETO C

n ~
enHuua |P6y | HapgexaHn pgaHHn 3a npueegeHarta KopaBuHa NpuM HaACTpOMKa Ha Moaena B

HaaNbXHUA KaHal 3a YyhnpaBjieHWe Ha TO3U pexnMm MOoXe [a Ce nojiydaTr Kato ce pasfendr
MWHUMasnHUTe abCoMTHUTE CTOMHOCTH, npenopbv4aHn B HOpMUTE 3a ynpaBJ1AeMOCT.

n -
| P, [min
| X | min
6
3a pexuma C Hai-ronsma YyBCTBUTENHOCT B YNpaBMNeHUETO Ha MaHeBpPeHUs CaMorerT,

mz1666(N/m).

Cnep ToBa, Ha OCHOBaHWE Ha Npenopbkarta, Ye Npu NPoOMsiHa Ha UMUTUPAHUTE YCUITUA MO pexuma Ha
noneTa c MpYXMHHO-HAaTOBapBaLl, MexaHn3bM, Te He TpsbBa Aa ce U3MeHAT noseye OT 2...2.5 nbTw,
MOXe [a Ce M34YMCIM MWHMMAarHOTO 3HadeHue Ha npuBedeHaTa KopaBuMHA 3a Marnku CKOpOCTU B
MOOENUPaHeTO Ha pexuMuTe Mpu M3nuTaHe u KauaHe. B pasrnexgaHusa npyMmep MUHUMAanHOTO
3HayeHne Ha Ce e B rpaHuumTe 666...833 N/m. Ako ce paboTm CbC cCpegHuTe CTOMHOCTWU Ha
NpenopbYMTENHUTE 3HAYEHUS Ha HOPMAaTMBHUSA FPadueHT Ha ycunueTo 3a npetoBapsaHe (30 N), To
ce nonyyaBa Cg wmare = 2500 N/m, a Cguun = 1000...1250 N/m. C TakuBa npuBedeHu KbM focTa
KOPaBUHU Ha MPYXWHUTE OT YNpPaBMeHNEeTO, KOUTO MMUTMPAT LWApPHUPEH MOMEHT, MoaenuTe paboTar
YCTOMYMBO M HaJeXOHO, Korato M3crneaoBaTenaT HAMa KOHKPETHM JaHHWU 3a MogenuvpaHarta cuctema
3a ynpaerneHue. Ha cour. 1 (B ACHO) € nokasaH 3akoHbT 3a U3MEHEHMETO Ha NpuBeAeHaTa KopaBuHa
Ha NPYXMHHUSA MEXaHW3bM, KOWTO rapaHTupa npaBuUHOTO (PYHKLMOHMPAHe Ha Moerna u B peanHute
KOHCTPYKUMK Ce peanuaupa OT aBTomaTu 3a perynuvpaHe Ha HaTtoBapsaHeTo (APH). To3n aBTomaT ce
mMogenupa. He ce mogenupat yHKUUMUTE HA HENUHEWHUTE MexaHu3mu, a ce paboTu CbC CpeaHo
npegaBaTesiHo YUCIIO.

OOwwmaT BMO Ha mMoAdena e nokasaH Ha ¢wur. 3, a Ha cuctemata 3a ynpasneHue ¢ APH B
Simulink - Ha dur. 4.

C. (N/m)=

cucremMarta 3a ynpaslieHne MoxXe Oa ce mMopgernnpa C Cg ( N / m):

our. 3. 06w, BKA Ha moaena
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®ur. 4. Mogen Ha nogcuctema “Control System” (oT dourypa 3) ¢ aBtomat - Tun APH B Simulink

lMpemaBaTenHoOTO YMCNO Ha cucTemaTa 3a ynpasneHue (Ha cur. 4 ToBa e ycunearten ‘Kw”) e
npueTo Hem3MeHHO Ke = 1 rad/N. C TakaBa HacTponka € MOoAenupaHoO YCKOpPeHWe Ha camoneta Ao
OKOIMO3BYKOBM CKOPOCTM K Ca MOMyyYeHu pe3yntatu 3a napameTpuTe Ha noneTta, ycunuaTa,
NpeMecTBaHMsATa Ha JlocTa 3a ynpaBfieHne U OTKIOHEHWETO Ha ynpaensemus ctabunusatop. Ha
dwur. 5. ca nokasaHu M3MEHEHMETO B MOJIOXKEHMETO Ha cTabunuaartopa B rpagycy U NpemMecTBaHeTo
Ha nfocTta 3a ynpaBfeHue B MWUIMMETPU NPU MoAEeNupaHe Ha W3NUTaHe C XUNOTETUYEH neK
CBPBbX3BYKOB MaHeBpEH camorneT C ynpaendem crabunusatop. OTpuuaTtenHuTe CTOMHOCTU ca 3a
OTKMOHeHWs “Ha kabpupaHe”.

Ycunusita 3a noneta, npunaraHu Bbpxy pbkoxBaTkaTa OT Moerna Ha nuroTa, ca B HopMute
(3a “oTnenBaHeTo” OT GeTOHHa MucTa 3a M3nMTaHe U KauaHe — 28N, a 3a eHepruyeH Habop Ha
BUcoumnHa B 35...40s -60N).

dur. 5. MlameHeHWe B NOMOXEHWETO Ha cTabunmsaTopa B rpagycy U NPeMecTBaHETO Ha focTa
3a ynpaeneHve B MUIIMMETPU Npu paboTta Ha Mofesa Ha NunoTa 3a usnuTaHe
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Ha cour. 6. ca nokasaHu pesyntatv OT MUBMEHEHMETO Ha NpuBeAeHaTa KopaBuHa, NnpubopHaTa
ckopocT M uucnoto M cnen wmsnutaHe, yckopsiBaHe [0 OKOJO3BYKOBM CKOPOCTU M cried ToBa
HamansBaHe Ha ckopocTTa. [lpuBegeHaTa kopaBuMHA ce perynupa OT MoJena Ha aBTomata 3a
perynupaHe Ha HaTtoBapsaHeTo (APH) ot dour. 4.

Ca fNm) = ' Y - Fpy (kv el yreevevrees

S PP P R

S P
(= =

To v ] Do ] S il

Time {senond |

dur. 6. MlameHeHNeTo Ha NpuBedeHaTa kopaBuHa, NpuGopHaTa ckopocT U yucnoto M
crieql UsnuTaHe 1 yckopsiBaHe 40 OKOMO3BYKOBU CKOPOCTU

dur. 7. KnHemaTnyHa cxema Ha XMApOMEXaHNYHO yrNpaBieHne ¢ e0HOBPEMEHHO perynupaHe
Ha npuBegeHaTta KopaBWHa OT NPY>XXMHHO-HaToBapBaLlnAa MeXxaHU3bM 1 nNpeaaBaTesiIHoTO YNCIIO Mexay NnocTa
3a ynpaerneHue n ctabunusartopa kato oyHKUNUsE OT npubopHaTa CKOpOCT
(APY - aBTOMaT 3a perynupaHe Ha ynpaBreHNeTO)

OnpegeneHoTo MO MpegfnioxeHaTa MeToduka nNpedaBaTeNHO 4YWCNO Ha cucTtemarta 3a
ynpaBreHne ks = 1 rad/m moxe fa ce pasrnexga KaTto npousBefeHue OT TpU MHOXMUTEns:
Ke = Ki.K2.Ks. TbpBuaT mHOXMTen Ki npeAactaBnsiBa OTHOLWIEHVME Ha [BETe paMeHa Ha nocta 3a

ynpaeneHve ( Ha cur.1 ca ombensasaHu ¢ “b”u “a”) K, = 5 B peanHuTe KOHCTPYKLMM Ha LieHTpaneH
NOCT 3a ynpaBneHne ToBa OTHoweHue € okono 0.2. TpeTnat MHOXUTEN ce onpeaens eaAHO3Ha4YHOo OT

paMoTO Ha yrnpasrsiemusi cTabunusatop (Ha ¢ur.1 e ot6ensizaHo ¢ R) K, = . Ako ce npuewme,

.
R(m)

ye peanHoTo pamo e 200 mm, to K, = =5. lMpu TakMBa npumepHN AaHHM (B 4acTeH
3

"~ 0.2(m)
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cnyqa|7|), 3a Bepurata mexzay rfiocta 3a ynpasiieHne 1 paMoTO Ha yrnpaBlideMus CTa6I/I.I'IM3aTOp OCTaBa

k 1

8 —_
K.K; 025

Ako Ki. u .K3 ca NOCTOSIHHM BENUYMHM 3a pearnHuTe KOHCTpyKuuK, To K> Moxe aa 6bae kakto
NMOCTOSIHHA BEMNWYMHA, Taka U MPOMEHNMBA NpU HanNuyne Ha HeMMHEeNHW MEXaHU3MN NN aBToOMaTK 3a
U3MeHeHne Ha npegaBaTenHoto uucno (APY — cxema Ha dwur. 7). lNpu HanuMune Ha HeNUHeeH
MexaHu3bM K> ce npomeHs no xoaa Ha nocta. AstomatbT APY no nopgobeH HaunH Ha APH moxe pa
ce mogenupa B Simulink.

HannuneTto Ha mexaHu3bM 3a TpumepeH edekt (MTE - no eneKkTpuyeckn curHan ce MecTu
onopata Ha npyxuHata) B ABaTa aBToMarta npy ekcnnoaTauus BbB Bb3gyxa MNO3BONsBA
KMHemMaTunyHaTa Bepura cref astomatute ga ce aswxkum n ot MTE (ocBeH no TpaguumoHHus cnocob
3a ynpaerneHue - C ycunue Ha nunoTa oT focTa B kabuHaTa). ToBa ce 1M3non3Bsa B HAKOU camorneTu u
MTE Bnusa B KOMMNSieKTa Ha aBTONMMOTa KaTo KopmurnHa mawmHa. OcobeH crnyvyanm Ha Bb3MOXHOCT
3a enekTpo-ynpasneHne ¢ MTE e npu npekbCBaHe Ha KUHeMaTWyHaTa Bepura HenocpencTBeHO
npean asTomMaTtuTe (Hanpumep, OT MONageHWe Ha CHapsi4 MMM, Korato ce OoTkauu Tarata KbM
aBToMaTa, MABawa OT cTpaHata Ha nunota). B onvcaHata xunoTeTuyHa CRnoXHa cuTyauus
Bb3MOXHOCT 3a enektpuyecko ynpasneHue ot MTE npegnara camo APY - NUnoTbT MOXe Aa OABWXU
yrnpaBnsiemus ctabunsaTop 4pes Bb3gencTeme Bbpxy MTE. TakbB yHUKaneH criyyam uma npes 70-Te
roguHn ¢ Mulr-19 eee BBC Ha Bbnrapus. NunoTsT ycnsiea ga npu3emMmn camorneT C pa3eguHeHa Tara
npen APY, Bb3gencteankun Ha ynpasneHneTto 4Ype3 MTE. Npeaun ToBa e ussbplueHa nogmsiHa Ha APY
N HE e 3aKOHTPEHa BUHTOBATa Bpb3ka Ha Tarata kbm APY. Cnep Bpeme oT BMOpauunte BUHTOBAaTa
Bpb3Ka Ce pa3eduHsBa U HaKpamHUKLT Ha TArata ce otkayea oT APY- nocTbT Ha nunoTa B kabuHaTta
He MOXe Ja AOBWxW ynpasneHuneTo. Bpbakata mexagy APY n xugpoycunsatens, obade, € n3npasHa u
TOBa NO3BOIsABA YNpaBneHneTo Ha cTabunmnsaTopa Aa ce OCbLUIECTBU MO eNeKTPUYeckn cnocob - ypes
MexaHu3Ma 3a TpumepeH edekT. TakoBa ynpaBneHue HaMa Haw-BaXHaTa 3a nunoTa BbTpeluHa
obpaTHa Bpb3Ka No ycunve, HO ce 3anassa Apyra obpaTHa Bpb3ka - MO peakuuaTa Ha camorneTta u
TOBa OCUrypsiea KOMNPOMMCHO PYHKLVNOHMPAHE Ha KOHTYpa 3a ynpaBrieHne C KOMaHgu Ha nunoTa oT
TMNa «HaTMCkaHe Ha OYTOH WnM 3adBWXKBaHe Ha Apyr Manunynatop Ha MTE». OtcbctBMETO Ha
yCcunus 3a ynpasrieHne U3ncKBa U3KIIYMTENEH YCET, ONUT Ha NUOTa U LWaHC.

npegasaTenHo unucno K, = =1, koeTo e 6e3pazmepHa BennuMHa.

U3BoAO

Ot pgBata aBTOMara C perynupaHe Ha napameTpuTe OT cucTemaTa 3a ynpasneHue (APH u
APY) no-neceH 3a mogenupaHe e APH. B ekcnnoaraunoHHO OTHOLLIEHWE TOW MMa NPeanMCcTBO, Ye He
orpaHuM4aBa [fuana3oHa 3a OTKNOHEeHWe Ha ynpasnsemus crtabunusatop. Pesyntatute ot
MOAenMpaHeTo MnokaseaT, Ye MOAenbT Ha cuctemara 3a ynpasrneHue ¢ APH pabotu npaeunHo ¢
npenopbYaHaTa HacTporka. Ycunuara 3a nunotupaHe, npeMecTBaHeTo Ha opraHuTe 3a ynpasreHue
B KabuHaTa M OTKINOHEHMETO Ha ynpaBnsemus cTabunms3aTtop ca B HOpMUTE 3a JleK MaHeBpeH
camorieT. He ca pervctpupaHu crniydyam Ha konebaTenHa HeycTOMYMBOCT W MpuM MogenupaHe Ha
durypeH nunotax. KuHeMaTU4HO CNOXHUTE HENUHEWHW MeXaHU3MK, KOUTO He ce mopenupart,
JONBbIHUTENHO NoA0OpsSBaT XapaKTEPUCTUKUTE Ha YMNpaBAseMOCT M THAXHOTO OTCbCTBME NpwU
MogenupaHe He MpomeHst obllata uaes Ha KOHTypa 3a ynpaeneHue. XugpoycunsaTtenute ce
npuemart ¢ npegasTeniHo oTHoweHne Ky, = 1 1 nopagm ronamoTo cu 6Gbp3ogencTBue (B CpaBHEHMWE
CbC camorneTa W nurota) He ce mogenupat C NogpoBHOCTU NPW KOHTYPU «MUNOT - cuctema 3a
yrpasneHue - camoneT».

CratusaTa e nognomorHaTta ot [Joroeop KI-06-Kutan/13/2018 ¢ ®HW.
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Abstract: Digital technology broke the barriers between citizens and healthcare professionals making
the access to medical care easier. New terms as telemedicine, eHealth, telecare, etc. emerged.

It appears that different meaning is assigned to one and the same term, so it is not amazing that a
confusion has arisen. The authors try to answer the question: What is the correct terminology?
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Pe3rome: [uaumanHume mexHosnoauu npeodonisixa bapuepume mexdy epaxdaHume u 30pasHume
crneyuanucmu, ynecHsisaliku 0docmbra 00 MeOuyuHcka nomouw. [loseuxa ce Ho8U MEPMUHU Kamo
menemeduyuHa, efleKmpoHHO 30paseorna3seaHe, duaumarHo 30pase u op.

Usenexda, 4e Ha e0HO U CbWO rnoHsmue ce npudasa pas3fuyHO 3Ha4YeHuUe, maka 4e He e yousumersiHo,
ye 8b3HUKea obbpkeaHe. Aemopume ce onumeam 0a 0omeoeopsm Ha ebrpoca: Kakea e npasunHama
mepmuHorsoausi?

Introduction

Terminologies are medical terms and concepts used to describe, classify, and code various
elements as well as to describe the relationships among them. With the wide application of information
and communication technology (ICT) in healthcare, using a structured and standard terminology
(nomenclature) becomes essential. More than 150 years ago the famous epidemiologist William Farr
wrote:

“the nomenclature is of as much importance in this department (medical, the authors) as
weights and measures in the physical sciences, and should be settled without a delay” [1].

This observation remains true today, as standard terminology is the main key to true
interoperability between systems. Worldwide-accepted nomenclature ensures that shared data are
interpreted correctly and can be reused. Standard terminology supports disease surveillance and
cross-border healthcare services, facilitates decisions and global healthcare planning and assists
patient care especially in cases when the treatment is complex and involves multiple stakeholders.

The unprecedented technological innovation that has characterized the last few decades, as
well as the exponential increase of available data, have fostered the development of new terms. The
World Health Organization estimates that several thousand new medical terms are created every year.
This generates a huge challenge not only for the medical staff but also for all of us as patients and/or
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citizens. The necessity of clear, widely agreed terminology is a must. The top reason for a
standardized terminology is to speak a standardized language, as this will allow all medical
professionals and citizens, all over the world to understand each other and communicate effectively.
At least, until this becomes a reality, people must know what they are talking about. The need for
guidance in the rapidly expanding terminology set is urgent.

This paper, as some previous publications [2, 3], provides a look at available terminology, its
meaning and application in the point of intersection of healthcare and information technology.

Telemedicine and eHealth

Telemedicine encompasses diagnostic, treatment and prevention processes within the frame
of modern health care services. The latter are carried out primarily by means of telecommunication
and computer technologies.

Telemedicine history goes back to over 150 years [4, 5].

Many authors dated the origin of the term telemedicine to 1974, referring to the article of R. G.
Mark [6], despite of the fact that the "telemedical technique/technology" was used by R. L. Murphy et
al. in 1970 [7]. Further historical investigations have forced us to revise this. In 2014, while working
with reference sources, we found that the term "telemedicine” was used as far back as 1927!

A column of the retrospective articles and letters to the editors were published on page 47 in
the newspaper "Greeley Daily Tribune", Greely Town, Colorado, USA, on November 16, 1970. They
cited the story of Geo W. Gale “Wants Plane to Change Weather Here”. This information represented
a rather doubtful discourse concerning meteorological changes that could be caused by planes.
However, the last paragraph was of special interest as the author unexpectedly quotes the following:
"If we have telephotography, why can't we have telemedicine, so that you could walk up to the radio
machine, drop your dollar in the slot, take down the particular receiver required and apply it to that part
of your anatomy where the pain is? (doctors, please snicker)" [8] (Fig. 1).

The cited article is from December 29, 1927. It is obvious that this material is not a scientific
article. Nevertheless, we record that the term “telemedicine” was used for the first time in a publication
in December 1927.

Fig. 1. Fragment of the note with the term "telemedicine" dated 29.12.1927

For decades, there was no internationally accepted definition of telemedicine. A study
published in 2007 found 104 peer-reviewed definitions of the telemedicine [9]. Recognizing this, the
World Health Organization (WHO) [10-11] adopted the following broad description of telemedicine
according which telemedicine is:

“The delivery of health care services, where distance is a critical factor, by all health care
professionals using information and communication technologies for the exchange of valid information
for diagnosis, treatment and prevention of disease and injuries, research and evaluation, and for the
continuing education of health care providers, all in the interests of advancing the health of individuals
and their communities”.
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In sum, WHO has underlined that telemedicine includes four interrelated elements: (1) clinical
support; (2) usage of various types of information technology thus leading to the (3) improvement of
health outcomes and (4) overcoming the geographical barriers, connecting users.

With more involvement of the electronic communication systems, the major international
organizations, European Union (EU), International Telecommunication Union (ITU) and European
Space Agency (ESA) have officially adopted the denomination “eHealth”.

“eHealth refers to the use of modern information and communication technologies to meet the
needs of citizens, patients, healthcare professionals, healthcare providers, as well as policy
makers” [12].

Ehealth provides a new method for using health resources such as information, money, and
clinical services. With the time, it should help to improve the efficient use of these resources. The
Internet also provides a new medium for information dissemination and for interaction and
collaboration among institutions, health professionals, health providers and the public. That is why
WHO underlines that eHealth is “the transfer of health resources and health care by electronic means”
and incorporates three main areas:

e The delivery of health information, for health professionals and health consumers;

e The use of IT and e-commerce to improve public health services, through the
education and training of health workers;

e The use of e-commerce and e-business practices in health systems management.

In 2005, the World Health Assembly recognized eHealth as the way to achieve cost-effective
and secure healthcare and urged its Member States to consider drawing up long-term strategic plans
for developing and implementing eHealth services and infrastructure in their health sectors.

It is necessary to mention one more term — mHealth. mHealth or “mobile health” is a
component of eHealth. It involves the provision of health services and information via mobile
technologies, such as mobile phones, tablet computers and Personal Digital Assistants.

Recently, the following two terms are also often used:

Telehealth & Telecare

Telehealth is the means by which technologies and related services, concerned with health
and well-being, are accessed by people or provided for them, irrespective of their location [13].

Telehealth involves the use of telecommunications and virtual technology to deliver health
care. The part of telehealth, requiring access only to telecommunications, is the most basic element of
eHealth [14].

Is telehealth different from telemedicine? The answer is “Yes”. The reason is that telehealth
refers to a broader range of distant services as compared to telemedicine. Telemedicine focuses on
clinical services, while telehealth may include lots of non-clinical services as for example
administrative activities as meetings or management support, educational activities, training seminars,
access to literature and medical knowledge, etc. Telehealth includes various forms of surveillance,
health promotion and public health functions.

The second term is telecare. Telecare is the support and assistance provided at a distance
using information and communication technology. This is an automatic, non-stop remote monitoring of
users. It enables and supports citizens living in their own homes or in institutions. Telecare helps to
minimizing risks. To fulfil its goals it relies on sensors. These sensors are either part of a telecare
system and send the information to the monitoring service or a “stand along” devices that the user or
the caregiver have. The latter are not connected to the community system. For example, sensors for
smoke and gas or floods are part of telecare devices. In addition, telecare services may include
reminders to take medicines on time, help in real time emergencies like falls, contacting help centers
automatically, if and when needed; may organize quick contact with family members, doctors,
emergency services, etc. It is also able to arrange home visit when needed, etc. Telecare systems are
able to alarm the user for possible or emerging problems by sound alarm, flashing lights or vibration.

As the hype of telemedicine/eHealth was dying, new terms were required in order to maintain
the interest in the field. Terms as pHealth (personal health) or uHealth (ubiquitous health) [15] were
introduced.

Health Science Journal defines Personal Health as the ability to take care of your health by
making conscious decisions to be healthy. It not only refers to the physical well being of an individual
but it also comprises the wellness of emotional, intellect, social, economical, spiritual and other areas
of life. Personal health care may also be provided to people those who are not able to take care of
themselves such as mentally or physically disabled individuals.

Closely related to both personal health, telehealth and telecare is the concept of Ambient
Assisted Living (AAL). It is focused on aging citizens and its strategic goal is help them live as
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independently as possible. The AAL combines all services and devices that support independent life.
The Gabler Dictionary of Economics emphasizes that AAL technologies range from automatically
switching off lights to monitoring vital parameters and notifying medical staff in case of emergency. No
doubt AAL is offering an important service as the life expectancy is increasing and more and more
countries are confronted with an ageing society. Yet, AAL is nothing new, except on the narrow focus
on the aging population.

What is Ubiquitous Healthcare? The IGI Global, the leading international academic publisher’s
free online dictionary describes uHealth as a “healthcare to anyone, anytime, and anywhere by
removing location, time and other restraints while increasing both the coverage and quality of
healthcare”.

In sum, both pHealth and uHealth did not contribute significantly to the better understanding of
ICT applications in healthcare. They are not widely used.

Last but not least is the term smart health. It appeared recently within the concept for the
smart city. According to Blue Stream Consultancy, “smart healthcare is defined by the technology that
leads to better diagnostic tools, better treatment for patients, and devices that improve the quality of
life for anyone and everyone.” The key concept of smart health includes eHealth and smart home [16].

During last decade, the buzzword is Digital Health.

Digital Health

Is digital health something new? What is it? No doubt, digital healthcare technologies are
leading the way and their implementation is increasing. However, defining digital health is not easy as
there is no consensus on its definition.

Recently, the term digital health was introduced as “a broad umbrella term encompassing
eHealth (which includes mHealth), as well as emerging areas, such as the use of advanced computing
sciences in ‘big data’, genomics and artificial intelligence” [17].

The World Health Assembly Resolution on Digital Health approved by WHO Member States in
May 2018 underlined the recognition of the value of digital technologies to contribute to advancing
universal health coverage (UHC) and other health aims of the Sustainable Development Goals. This
resolution urged all ministries of health “to assess their use of digital technologies for health and to
prioritize, as appropriate, the development, evaluation, implementation, scale-up and greater use of
digital technologies...” [17].

Recent studies revealed that Artificial Intelligence (Al) and Big Data techniques contribute
significantly to digital health. Their successful application is due to up-to-date computer resources and
the availability of massive datasets. Both Al and Big Data can improve the management of information
therefore supporting a more precise and advanced patients’ treatment and supervision.

Thus, we come across the next broadly used term, the universal health coverage.

Universal Health Coverage

What is it? The concept is that UHC has to ensure that all people can use the promotive,
preventive, curative, rehabilitative and palliative health services they need, of sufficient quality to be
effective, while also ensuring that the use of these services does not expose the user and the family to
a financial hardship. As Dr. M. Chan, underlined, while addressing the 65th World Health Assembly, in
May 2012, “Universal health coverage is the single most powerful concept that public health has to
offer”.

UHC is firmly based on the WHO constitution from 1948, on the Health for All agenda set by
the Alma Ata declaration from 1978 and on the recent declaration that health is a fundamental human
right. UHC embodies three related objectives [18]:

e Equity in access to health services, i.e. everyone who needs services should get them,

not only those who can pay for them;

e The quality of health services should be good enough to improve the health of those

receiving services and

e People should be protected against financial-risk, ensuring that the cost of using services

does not put people at risk of financial harm.

The need of UHC is due to many facts, to cite some [19]:

e At least half of the world’s population still do not have full coverage of essential health

services;

e > 3800 million people spent at least 10 % of their household budgets to pay for health care;

e At least a billion people suffer each year because they cannot receive the health services

they need;
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e Annually 100 million are pushed below the poverty line because of direct payments for
health;

e Only in the European Region annually >19 million people still make out-of-pocket health
payments that place an enormous burden on their household budgets;

e Globally, in the next twenty years, 40-50 million new health care workers must be trained
and deployed to meet the needs of world population for decent healthcare service. This
goal is impossible to achieve.

UHC is a global health priority and part of the Sustainable Development Goals under target

3.8. Expectations are high concerning the impact on the health of populations across the world. Yet, it
is not a panacea. Many things are not part of it. The most important is that UHC does not mean
providing all possible healthcare services free of charge to the population as there is no country that
can afford this. Yet, it is essential to underline that UHC is not only about ensuring a minimum
package of health services. It is also about progressive expansion of health services, includes
population-based services as public health campaigns, etc.

The relation between UHC and telemedicine, eHealth and digital health is presented on Fig. 2.

Moving towards UHC is a continuous journey. There is no single model or any universal

successful program yet. The transition depends on the characteristics of each country or community -
economic growth, available resources, government’s political will and implementation capacity, degree
of solidarity in society and many more. The question is not whether to implement UHC but how. One
of the answers is — by applying eHealth / digital health.

Digital Health __a | il

eHealth

Telemedicine
) Telehealth

Telacare

Fig. 2. Relation between terms

The Correct Terminology

What is the correct terminology? Which term to use — telemedicine or eHealth? Or, may be
telehealth or digital health? To this very moment, the terminology has neither been agreed in Europe
nor at worldwide level.

Paradoxically even between and within the countries from EU different terms are used to
describe one and the same service. Positions differ and the preferences are usually influenced by
individual experience, personal and professional viewpoints. Thus for some authors telemedicine and
eHealth are synonyms. Others accept that eHealth is a broader term and includes telemedicine. A
third group separate the terms, accepting that telemedicine incorporates telecardiology, teleradiology,
telepathology, tele-ophthalmology, teledermatology, telesurgery, tele-nursing, etc., while eHealth
comprises of e-Santé, Information and Communication Technologies in health (ICT-Health), all types
of health communication services, PACS, patient information systems, e-education,
e-prescription, etc.

Apart from personal preferences, there are geographical differences in the terminology use.
The evolution of terms in different countries often differ. A term that is unused in one place may be
ubiquitous in another. Let us cite two examples. In Europe, and especially in EU, the term eHealth is
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the official one. It is part of the healthcare action plans such as the European Commission's eHealth
Action Plans 2004 and 2012-2020. It is also included in number of other general legislations of the
community as the EU Directive 2011/24 on Cross-border Health Care, Privacy protection Directive
95/46/EC, Arts. 8—-12; eCommerce Directive; etc.

In the USA, the terms telemedicine and telehealth (recently) are predominantly used. Perhaps
one of the reasons is that the American Telemedicine Association is the one that, for almost 3
decades, “coins” most of the federal and state policies. It sticks to telemedicine perhaps not only
because this is the word that first appeared, but also as it is included in the name of the association.

What is the situation in WHO? Gradually, the organization is replacing telemedicine with
eHealth or even digital health. The simple search at the beginning of November 2019 of WHO virtual
database reveals that today eHealth is used 2.5 times more in WHO documents (356 documents) as
compared to telemedicine (only 139 results).

Conclusion

Globalization and new technologies forces healthcare to enter in a period of rapid change.
Although healthcare is a result of the decisions taken at the political, economic and social level, the
health of the population is the pillar of development. Otherwise, social and economic improvements
will not be sustainable. Health problems should be addressed and solved and innovative solutions as
wide application of ICT must be explored no matter whether there is a consensus on standard
terminology. Until worldwide agreement on terminology is reached, by staying abreast of new
developments and coinciding terminology, people would be able to develop a nuanced understanding
of the healthcare information and diminish mistakes in communication.
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Pe3rome: [ucmaHUyuoHHO ynpasnsemume JiemamesiHu cucmemu ce u3ronisgam 6ce [0-4ecmo 8
peduya 80eHHU U 2paxOaHCKU npusioxeHus. Ponsma Ha Yoseka-orepamop, kamo Yacm om me3u cucmemu, ce
pasnu4asa om ma3au Ha nusioma e nuomupaH camonem. Ta3u Hosa posisi cb3daga HE06X0O0UMOCM Om MPOMsIHa
Ha usuckeaHusma kbM rnodbopa u rodeomoekama Ha HO8 Knac ,aumomu”, koumo pabomsm 6 KoMaHOHU
nyHKkmoee Ha 3emsima. B cmamusima ce pa3anexdam eb3MOXHocmume, Koumo npednaza oKyroepagusma
(Eye Tracking) 3a uscredsaHe Ha pasrnpedenieHuUemo Ha 3pumeslHomo 6HUMaHue Ha onepamopu Ha BJIA e
npoueca Ha obyyeHue Ha nofiemeH MPEHaXop, 8KI0Y8allo U3fiumaHe U KayaHe.

APPLICATION OF EYE TRACKING TO HUMAN FACTOR ASSESSMENT
DURING OPERATION OF UNMANNED AERIAL SYSTEMS
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Abstract: Remotely controlled aerial systems are increasingly used in many military and civilian
applications. Role of the human operator as part of these systems differs from that of the pilot in a piloted aircraft.
This new role creates a need to alter the requirements for selection and training met by a new class of pilots
operating at ground control stations. This article examines possibilities offered by the eye tracking technology to
investigate distribution of UAV operators’ visual attention during the training process including take-off and landing
at a flight simulator.

BtBeneHue

B HacTosile BpemMe B MNOBEYETO CTpaHM B CBeTa Ce YyBenM4aBa M3MOM3BaHETO Ha
pa3Hoobpa3Hn 6e3nunoTHu netatenHu anapatu (BJ1A) nopagu OTHOCUTENHO HUCKaTa cebecToMHOCT,
MHOrOQYHKLMOHANHOCT u 6es3onacHocT. PasHoobpasHu ca cdepuTe Ha NPUNOKEHUETO UM:
MOHWUTOPWUHI NMpu OefCTBUSI U aBapun, NMKBUAMPaAHE Ha NocneacTBusATa Npu U3BLHPEAHU CUTyaL MK
HabnogeHne 3a obekT M HedTOMPOBOAM, NaTpynupaHe B TopckM Macueu M gp. MacoBoTo
nsnonssaHe Ha BJ1A gokasBa Bucokata MM edeKTUBHOCT B Hal-pasfiMyHy YCroBUS, MPOMEHSINKA MO
TakbB Ha4uMH yHAaMEHTaNHMTE OCHOBU Ha NPOBEXAAaHETO Ha HabnogeHus Ha 3emaTa oT Bb3gyxa.

HesaBucumo, 4e B MacoOBOTO CU MPUIIOXKEHME OUCTAHLUUOHHO YNpaBnseMuTe neTaTesnHu
anapatv (OYJTA) no cblWeCcTBO Ca MankM no pasmepu, TO Te CM OCTaBaT Bb3gyxonnaBaTenHoTo
cpeactBo. OcHoBHaTa 3afjaya Ha HOpMATMBHMTE [OKYMEHTM B aBumaumsita ca CBbp3aHu C
ocurypsiBaHeTo M nopgabpXaHeTo Ha 6GesonacHoctta. [Mpunoxeno kbm [OYIIA TOBa O0O3HavaBa
ocurypsiBaHe Ha 6e30nacHOCT 3a BCUYKM BbB Bb34YLUHOTO MPOCTPAHCTBO, KAKTO 3a XopaTa Ha 3emsaTa,
Taka 1 3a nHdpacTpykTyparta. Heobxogmmo e aa ce 3HasaT M OLeHABaT ONAaCHOCTUTE M pUCKa 3a BCEKU
KOHKpeTeH BJIA, koeTo Hamnara TsaxHaTa perucrpauus u ceptudumkaumsa. Taka Ha npedeH nnad
Bb3HMKBA BBMPOCHLT, CBbpP3aH C MOAroTOBKAaTa W KBanudukauuaTa Ha crneuuannctM 3a TSXHOTO
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yrpaBneHne 1 ekcnnoartauusi, KOeTo BoAN A0 HeOH6XOAMMOCTTa 3a Cb3aBaHe Ha LIeHTPOBE U KON
3a TAxHaTa NoaroToBka. HyxHW ca chneumanHa anapartypa, oTAenHu aBuobasn 3a npoBexzaHe Ha
obydyeHne u noneTM u crneumanHM cuctemu 3a ynpaeneHue Ha rpynu oT BIA. Bb3gywHoTto
NPOCTPAHCTBO € edHO 3a BCUYKM, a PBbKOBOACTBOTO Ha Bb3AYLIHUA Tpaduk npuaobusa HOBK
nsmepeHnst n Hoea cunocodus [1].

EdekTmBHOCTTAa 1 Ge3onacHoCTTa Ha TakvBa GE3MUIIOTHM KOMMIEKCUM B 3HAYUTEnHa cTeneH
3aBMCMK OT NpodecnoHanHNTe KayecTBa U MOAroTOBKaTa Ha onepaTopuTe B HAa3eMHWUTE MYHKTOBE 3a
ynpasneHue. OT Te3un no3unumm obyyeHneTo Ha onepatopute Ha BJIA ¢ nsnona3saHeTo Ha BUPTyarnHu
TPEHaXopu € B OcHOoBata Ha dopMupaHe Ha npodecuoHanHu HaBuMUUM 3a yhpaBneHue Ha
netatenHute anapatn (JIA). OyeBugHO, 4e opraHmMsauusta Ha oOOy4YeHMeTO M nogroToBKaTa Ha
nepcoHana B 06e3nNWNOTHUTE aBMALMOHHU CUCTEMW — MUMOTU-OMepaTopu, OnepaTtopu Ha MoneseH
TOBap, obGcnyxBallM CneunanncTn, CbLeCTBEHO Bnusge Ha 6Ges3onacHOCTTa M aBapuUMHOCTTa Mpu
ekcnnoataumuara um. HanoxutenHo e paspaboTBaHeTO Ha eOuHHW M3UCKBAHWS U MporpaMmy 3a
obyyeHune Ha onepaTopuTe, €AMHHU U3NCKBaHUSA KbM cpeacTBaTta 3a obyyeHune n cepTuduunpaHoTo
Ha LeHTpoBeTe 3a 00yyYeHWe B CbLOTBETCTBUE CbC MEXAYHAPOAHWUTE CTaHO4apTW 3a NOAroTOoBKa Ha
onepatopn Ha BJIA. B TakbB BUCOKOTEXHONOMMYEH OTPaACHJl, KAaKbBTO € aBuaumsata, OCHOBHO
BHMMaHuWe, npu pewaBaHe Ha npobnemmute no 6Ge3onacHOCTTa, HaW-4eCcTO ce OoTaens Ha
TeXHUYecknTe cpeacTBa. Ho ctatucTukata Ha aBMaLMOHHUTE MPOMU3LLECTBMSA MOKa3Ba, Ye B KpanHa
CMeTKa TpU OT YETUPY NPOUILLECTBUS Ca CreACTBME Ha TPeELLKX, AONyCcHATU OT NPOdECMOHaNnCTn ¢
HagexgHa kBanudukaums [2].

PonsaTa Ha YoBelwwkusa cakrop npu ynpasneHue Ha BJ1A

HesaBucumo, ye Tasun TexHuka e ,6e3nnnoTHa”, To BANSHMETO Ha voBelkus daktop (HP)
OoCTaBa B NMNOBEYETO criyvyaun Ha katactpodu ¢ BJIA. Bsaumogencrtemeto ,onepatop—bJI1A* e pasnnyHo
3a pa3nuyHute cuctemu. lNMpu 6e3nunNoTHM cucTeEMM C aBTOMATM4YeH MOMeT MO MapLIpyT U KauaHe
onepaTtopbT caMO onpefens mMapLipyta, Mo Bpeme Ha fnofeta He ce HamMecBa B YynpaBneHneTo u
€[IMHCTBEHO KOHTponupa noneTta, KaTo eBeHTyanHo Moxe Aa nogage KomMaHaa 3a aBapuUnHO KauaHe.
3a 06es3nunoTHM CUCTEMU C BB3MOXHOCT 3a PbYHO YMNpaBlieHWE OnepaTtopbT MOXE Aa M3MEHS
MapLipyTa no BpeMe Ha noreTa v Ja U3BbpLUBa pa3fMyHN MaHeBPU, HaNnpMMep Aa nsnuta v ga kaua.
B nbpBua cnyyanm GesonacHoCcTTa 3aBMCU OT HAAEXAHOCTTA Ha BCUMYKM €NEeMEHTU Ha cucTemaTta, a
npw BTOPUSA — CbLLO OT KBanudukaumsTa Ha onepaTopa.

OuncTaHuMOHHO ynpaBnsemuTe neTaTenHn CUCTEMU Ce OTHACAT KbM epraTuyHuUTE CUCTEMMU
(cuctemm yoBek—MaluMHa). Te BKMYBAT KaAKTO TEXHUYECKM eNneMeHTn, Taka U Xxoparta,
B3aMMoJencTBalim C Te3nm cuctemu. 3a e(eKTMBHOTO (PYHKUMOHMPAHE Ha TakuBa CUCTEMU €
HeoOxooMMo da ce us3bupaT paumoHanHW HauyvHK 3a B3aMMOLEWNCTBME Ha xopaTa ¢ 0bopyaBaHeTo,
OCHOBaHW Ha NPUHUUNUTE Ha eproHomusTa [3].

Bvnpocute 3a ©OesonacHoctTa Ha bBJIA BbB BCMYKM ha3n M oO4vakBaHW YCMOBWUSI Ha
eKkcnnoaTaumsa npeacTaBnsBaT CepUO3eH HayyHO-TEXHMYeckn npobnem [4, 5]. lMoBuweHata B
cpaBHeHwue ¢ nunotupyemute JIA BepoaTHOCT OT npousiuectsus ¢ BJ1A ce gbmkaT OCHOBHO Ha:

— HUCKa WH(OPMATMBHOCT U BpPEMEBa 3agpbXka Ha nocTbhneawarta TenemeTpuyHa
WMHopMaLms 1 3aapbxKa Npy NpedaBaHe Ha KOMaHaHaTa MHopMauusa OT NyHKTa 3a ynpasneHue o
©opaa Ha BIA,;

— HUCKO HMBO Ha MHMOPMATUBHOCT Ha BU3yanHaTa WHQoOpMauus 3a Bb3gyllHaTa U HasemMHa
06CTaHOBKa;

— OTCbCTBME Ha TaKTWUMHa U Apyr BuA MHGoOpMauusi, CBbp3aHa C ycellaHusiTa Ha onepaTopa,
KouTo Bmxa JonpuHECnu 3a npeaynpexngeHne n CBOEBPEMEHHO NUKBUAMPAHE Ha U3BBHPELHM ONacHU
cuTyauuu;

— OTCbCTBME Ha eeKTUBHM anropuTMu 3a aBTOMATUYHO MpefoTBpaTsiBaHe Ha W3BBLHPEOHU
cuTyauuu;

— oTcbcTBME 3a onepartopuTe Ha BJ1A Ha nbnHa nHopmaums 3a o6cTaHOBKaTa BbB Bb34yXa;

— OTCbCTBME Ha cepTuduMuMpaHa cucTema 3a npegoTBpatsBaHe cOMbCbK C  Opyru
(munotupyemmn u Henunotupyemm J1A). Hannuneto Ha aBTOoMartmanpaHa cuctema 3a usbsrsaHe Ha
conbebk ¢ gpyrn JIA, MHXEHEPHU U OPYrM CbOPBXKEHMUS, U3BUCSABALLM CE OT 3eMHaTa MOBBLPXHOCT,
npugobusa 0cobBEHO ronsiMO 3HayeHue, NOHEXe Ha OTAENHU y4YacTbUu OT noreTta Bpb3kaTta ¢ BJ1A
MOX€ HanbJIHO Aa NUMCBA;

— onepatopbT He pUCKyBa 3[4paBeTO M XMBOTA CU MO BpeMe Ha MoneT, a Taka CblLUo npasu
acouuaumu B npoueca Ha ynpasrneHue Ha BJ1A ¢ koMmnoTbpHa urpa;

— Henpepgckasyemu nocrneacteus npu 3aryba Ha Bpb3ka Mexay BJIA u HasemHaTta cTaHuus 3a
ynpaBreHue.
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Oco6eHocTH Ha Bb3npuemaHe Ha uHopmaumaTa ot YoBeka B BAC

EdekTMBHOCTTa Ha edHa epraTuyHaTa cuctemMa B rofisiMa CTeneH 3aBuUcu OT MHAUBMAYaNHUTe
KOrHUTMBHM cnocobHocTn Ha YO npu Bb3NpusaTUe Ha nHpopmaumaTa. CbBpeMeHHUTE npouecu Ha
obydyeHne ce onupaTr Ha MNOHATMETO KOrHWTMBHa obpasoBaTenHa TEexXHONorns, CBbp3aHa C
LeneHaco4YeHo ynpaBreHNne Ha KOrHUTUBHWUTE YHKUMM Ha obyyvaemus, TakuBa KaTo BUCLUUTE
MO3bYHU (DYHKUMW: namem, 8HUMaHue, rcuxoMomopHa KOOpOUHauus, ped, MucrieHe, opueHmauus,
nnaHupaHe U KOHMpPoOr Ha eucwama rncuxudecka OelHocm [6]. KorHuTuBHaTa yHKUMSA
XapakTtepusupa crnocobHoCTTa Ha YoBeka KbM Bb3NpusiTue n npepabotka Ha MHGOpMauus, a CbLlyo
M3Mon3BaHeTo N 3a KOOPAMHALUWS Ha HEroBUTE AENCTBUS.

XapakTepHa 4yepTa OT geliHOCTTa Ha onepaTtopa B BAC e, ye Tol e N1weH OT Bb3MOXHOCTTa
HenocpeAcTBeHO Aa Habniogasa ynpasneHneto Ha obektute (JIA) M e npuHygeH ga v3nonssa
UHdOPMaUMs, KOSTO MOCTBMNBA NPU HEro No kaHanuTe 3a Bpb3ka. B cnyyasa genHocTTa Ha YoBeka ce
U3BbpLUBA He C peanHun 06eKTu, a C TEXHU 3aMeCTUTENN UM uMuTUpaLLm rm obpasmn.

HasemHuTe MHMOPMALMOHHM CUCTEMM Ca Ta3u 4acT oT 0bopyaBaHEeTo, C KOETO onepaTopbT
Ha BJ1A HenocpencTBeHo B3anmoaencTea. Bb3 ocHoBa Ha nonyveHaTta MHoOpmaLuus Tol cv Cb3aaBa
MWUCMNOBEH MOJen Ha npoueca 3a ynpasreHue, ¢ KOWTo paboTu npu cBodATa AeHOCT. 3a TOBa,
edekTnBHaTa paboTa Ha TakMBa CMCTEMU € HEBBb3MOXHa 0e3 geTawneH aHanvM3 Ha OTHOLUEHWsiTa B
pasrnexgaHus KOMMnekc ,4YoBek—MawuHa® (B cnyvaa - ,MO/nunoT-netateneH anapat®).
B3avmogencTBmeto Ha nunota C MHOPMauUMOHHATa cucTeMa MOXe Oda ce MpeacTaBu KaTo
B3aMMOAEWNCTBUE Ha [Ba MOLLHWN MHAOPMAaLMOHHM NpOoLIeca, Ha YoBeKa 1 KOMMTbpa, paboTenkm nnm
obLlyBakM nocpeacTBOM MHTepdenc C THACHa fleHa Ha MporyckaHe U C MHOXECTBO ApYru
orpaHuyeHusi. [oBuwaBaHeTO Ha edeKTUBHOCTTa W MponyckarenHarta CrnocoOHOCT Ha To3u
uHTepdenc e ocobeHo BaxHa 3agadva. [NoHexe e TpyAHO Aa ce M3MEHW YOBellKaTa KOMMOHEHTa B
cuctemaTa ,40BeK — MH(popMaLuuoHHa cuctema“, 3a cb3gaBaHe Ha edeKTUBEH MHTEePMENC € HYXKHO
Aa ce npucnocobsiBa n ycbebplueHcTBa kbM YO BTOpaTa KOMMNOHEHTa — MHPOPMaLMOHHaTa cuctema
(Electronic Flight Instrument System, EFIS [7]). [Mpu ToBa € He06x0AUMO Aa ce 3HasAT Bb3MOXHOCTUTE
W OrpaHMYEeHNsITa Ha NUNOTa, KakTo M Ja ce OT4YMUTaT YCNnoBusiTa Ha HeroeaTta paboTa [8].

MN3BecTHO e, 4e 90 % oT uanata nHdopmaums, Heobxoamma Ha eknnaxa 3a NpodecuoHarHo
U3NbJIHEHME Ha 3agauyute, ce Bbanpuema 4pe3 oyute [9]. lNMpu ToBa € HeobxooMMO MO BpeMe Ha
nonet YO (onepaTtopbT—NuUNoT) HENPEKbCHATO Aa Habnogasa uHAVKaUUSTa 3a pasnmyHu NUNOTaXKHN
napameTpu, KOATO € CbCpedoTOdMeHa Ha ekpaHuTe, daBaliy MHgopMauusa 3a TpaekTopusita Ha
aBwxeHve Ha JIA 1 cbCTOSHMETO Ha anapaTyparta Ha 6opaa. Bb3MOXHOTO YaCTUYHO UMM MBITHO
U3MeHeHue Ha Tasn nHdopMaLms, NpeausBMKaHa OT HapyLLEeHUs B PeXrMa Ha noneta unm oTkasum Ha
TeXHUKaTa, M3MCKBaA MOCTOSIHEH 3pUTENEeH KOHTPON&T Ha Te3n napamMeTpu, OTHECEHW KbM TexHuTe
3afjafieHun 1 npegenHn CTOMHOCTN.

MpobnembT 3a NpaBWUMHOTO pasnpedernieHne Ha BU3yanHOTO BHMMaHWe BbpXy OTAEenHuTe
npmbopwu ce oka3Ba OCHOBEH Mpu ocurypsisaHe 6e3onacHocTTa Ha noneta Ha BJIA. PasnpegeneHoTo
BHMMaHWe € CnocobHOCTTa MO3bKLT Aa pearvpa afekBaTHO Ha pPasfMyHW CTUMYMM UNnu 3agaydv
€[QHOBPEMEHHO, a CbLLO WM Ha pasfnuMyHWTe CUTyauuun, Bb3HUKBaLWM B ObBKpbxaBawata cpega. Tasu
KOrHUTMBHa CMOCOGHOCT Mo3BOMNsBa Aa ce 0OpaboTBaT pasnuMyHM U3TOYHULUM Ha MHopMauus, KaTo
YCMELLHO ce U3NbIHABAT NoBeYe OT efHa 3ajava e4HOBPEMEHHO.

OcobeHo BaxHa e ponATa Ha eKkcrepuMMEeHTanHUTe W3CrneABaHus MPU OLEHKa 3pUTerHuTe
xapakrepuctukm Ha YO (nunoT) B NpoLeca Ha HeroBoTo B3auMoaencTeme ¢ BusyanHute gucnneun. Ot
TOYHOCTTa Ha uKcauus Ha NpubopuTe, KAaKTO M OT TOYHOCTTA Ha MAEHTUMUKALMSA Ha MSICTOTO KbM
KOETO e Haco4veH nornegbT, MoraT Aa ce HanpaBsAT M3BOAM 3a KAa4eCcTBOTO Ha B3aMMOZENCTBUE CbC
cuctemata 3a u3obpassdBaHe Ha MHGoOpMauMaTa, KakTo U 3a edeKTMBHOCTTa Ha paboTtaTa Ha
onepaTtopa.

Okynorpad)ckuTe uscriegBaHUsi U TEXHUTE Bb3MOXHOCTU 32 U3creaBaHe Ha
BU3yasrlHOTO BHUMaHMWe Ha onepaTopu

EQHa oT HOBUTE TEXHOMOMMM 3a U3CrneaBaHe Ha 3pUTESIHOTO BHUMaHMWE e oKynorpadusaTa unm
aiiTpekuHra (Eye Tracking) — rpyna oT MeToAu, KOUTO cbOUpaT AaHHU 3a ABWKEHMETO Ha YOBELUKOTO
OKO W MM aHanuaupat (npocnefsiBaHe Ha OKOTO, MpocrefsBaHe Ha nornega, okynorpadus). Tosa
HanpasreHVe ce MosiBABa B Kpas HAa MUHANMS BEK U B MOMEHTA Ce Mpuiara LIMPOKO, Hal-Beye
nopaau Hanpeabka B pa3BUTMETO Ha TEXHOMOMMKUTE, C KOETO 3HAYUTENHO ce NodobpsiBa TOYHOCTTA Ha
nonyyasaHute aaHHu. OkynorpadusaTa e UHTepaMcuMnMHapHa obnacT, BKMoYBalla MHOBaHWBHATA
paboTaTa Ha UHXeHepwu, dU3NoNo3K, Nekapu, NCMXonoan u Guonosn. Toea e BUOHO U AHEC, KoraTo TS
HenpeKkbCHaTO paslinpsiBa cBoATa 06GnacT Ha NpUNoXeHne KaTo uranka, aHTPONororus, NCUXmMaTpus,
nHpopMaTrKa, MEHUIKMbBHT, MapKeTVHT, OU3aiiH, kapTorpadus, apxuTekTypa, HeBposorms 1 ap.
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TpekuHr (MM nNpocneasiBaHe) Ha o4yuTe € Mpouec Ha onpedensHe Ha KoopauHatuTe Ha
nornega (,ToMKaTa Ha npecuyaHe Ha OnTuYHata oC Ha o4vyHaTa A6bfka M paBHUHATaA Ha
HabnogaBaHMa OBEKT uUnu ekpaH, Ha KOWTO e NpeAcTaBeH HsAKakbB BuayaneH ctumyn®). Kem Tasu
TEXHOMNOMMA ce OTHacs MPOUEeCbT Ha MpocregsBaHe Ha MNo3vuMsaTa Ha OKOTO NO OTHOLWEHWE Ha
npeacTaBeHOTO M3obpaxeHue, TEKCT unu Apyr o6ekT. M3non3saHeTo i € HaCO4YEHO KbM pasnuyHu
uscneaBaHna B obnactra Ha ncmxodusnonormsaTa, NUHrBMCTUKaTa, MeauuMHaTta, ncuxornorvara u
Apyrn obnactn Ha HaykaTta, TEXHOnorMMTe u 4opu B cnopra.

K -

®ur. 1. OCHOBHM KOMYHWKALMOHHM KaHanu Ha YoBelukaTta AeiHOCT U ABMXKeHUst Ha ouuTe [10]

MokasaTtenute 3a npocnegsiBaHe Ha OYHUTE OBWXKEHWS Morat ga ce npunarat KbM pasnuyHu
acnekT! Ha OKyJIOMOTOPHOTO NOBEAEHME B 3aBMCMMOCT OT TMna Ha aHanu3a. Hal-4yecto cpeljaHute
rnokasaTenu ce ocHoBaBaT Ha ukcauun n/mnn cakagu. Pukcauuute ce NpeacTaBAT KaTo AUCKPETHU
y4yacTbUM OT MOYTU CTabunHM TOYKM, KbOETO ce B3upa okoTo. Cakagute ce onpefensaT kato
CMOHTaHHM OBWXKEHUS Ha ounTe mexay dukcauunte. Cpen Han-lWIMPOKO NpunaraHMTe nokasatenu Ha
0asarta Ha dukcaumsa ca: bpon dukcauum; 6por ukcaumm BbpXy Bcsika obracT, npeacTtaBnssalla
uHTEpec; obuy Bpon dukcauum; NPoobIMKUTENHOCT Ha (UKCMpPaHETO; obLlia NpoAbIMKMTENHOCT Ha
UKCMpaHETO; BpeMe A0 MbPBOTO MKCMpaHE Ha LenTa; NITbTHOCT Ha (hmKcupaHe, NOBTOPEHUE Ha
UKCMpaHeTo. YCTaHOBEHO e, 4e Te3uM BMAOBE MokaszaTenu morat ga 6bgaT wv3nonseaHu 3a
onpefernsiHe Ha aHraxunpaHocTTa Ha HabnogaTens [11].

YoBek He caMo nonyyaea M obpaboTBa Bu3yanHa MHopmauusi, HO MO Pa3fMYHMU HAYMHKU ce
OTHacs KbM Hesi. AKTMBHO MO3HABATENHO OTHOLUEHWE KbM BbL3NPMEMAHOTO Hamupa u3pas B
ABNEHNETO Mornea — Bu3yanHaTa OpMEHTauMss Ha cybekTa KbM onpedeneH enemMeHT unu
CbOTHOLLUEHMETO Ha HacTosata cuTyauus, KOeTo ce MposiBABa B CbOTBETHATa OpPUEHTauusl Ha
ONTUYHMTE OCU Ha ounTe. B 3aBMCMMOCT OT CTeneHTa Ha yvyacTue Ha YOBEK B CUTyauudaTa, nornegbt
Moxe aa 6bae ,cMucneH“ mnu ,0TCbCTBALL®; B 3aBMCUMOCT OT 30HaTa Ha obeKkTa Ha 3pUTENTHOTO
Bb3NpuaTMe — ,IpUTBbNEH® WM ,0CTbp‘; B 3aBMCMMOCT OT CTEMEeHTa Ha HaToBapBaHe Ha
WHdopmaunaTa — ,3aTBapsHe” unu ,OBWKEHWE"; 1 Npu HeBepbanHa KOMyHWKauus TOW MOXe [a
U3MbJIHABA (PyHKUMSTA HA 3HAK: NOCOYBA Ha MapTHbOpa MocoKaTa Ha ABWXKEHWE UNKU NPeAMET, YNUTO
cBoWCcTBa TpsibBa Aa ce B3emat npeasua. BbB Bceku cnydvar ToBa e nokasaTen 3a HsikakBa BbTpeLlHa
paboTa Ha YOBeK, 3a HErOBOTO TEKYLLO CbCTOSIHNE UITM HAMEpPEHNE.

B WKWUT-BAH ca poctaBenu gBa Buga okynorpacdu — mobuneH u crtaumoHapeH (dwur. 2).
CneunanuaunpaHuTe uscnegBsaHuns ce nposexgar B ,Jlabopatopus 3a nogdop, obyvyeHne n KOHTpPOn
Ha onepatopu Ha ©e3nunoTHWM netaTenHu anapatn’ kbM cekuusa AKCY, kaTo ce ocbluecTBsiBa U
CbTPYAHMYECTBO C APYrM BBHLUHW CnieumanmnavpaHmn nabopaTopum n KOHCYNTaHTuU.

Pupil —
Labs
a) f o 6

®ur. 2. a) Okynorpad Pupil Labs Core n 6) okynorpacd Gaze Point GP3 HD
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Tabnuua 1. MapameTpu Ha HanuuHUTE okynorpacu B cekuust AKCY, UKUT-BAH

MapameTpu Ha okynorpad Gaze Point GP3 HD MapameTpu Ha okynorpad Pupil Labs Core
0.5 — 1.0 rpagyca TOYHOCT Ha brbna Ha 0630pHOTO [Ba nHppayepseru ceetoanoga SFH4050IR
none ObIKMHA Ha BbnHaTta 850 nm
150 Hz 4yecToTa Ha 3acHemaHe [lBe nHppayepBeHn Kamepun ¢ MakcumarnHa
KanubpupaHe ¢ 5 nnmn 9 Toukn pesontouma 800 x 600 nukcena n vyectota 30 Hz
[Mo3BonsiBa 35 cm xopu3oHTanHo, 22 cm BepTUKanHoO EnHa 0630pHa kamepa ¢ MakcumarHa pesorntouus
OBWXeHne 1 +15 cm aBuMKeHue B AbnooymHa 1920 x 1080 nukcena u yectota 30 Hz
CHBMECTUM C ekpanm 24" U no-manku BesnnaTtHu cbnposoxaaly codTyep 1 API: Pupil
CobnpoBoxaaly codptyep: Gaze Point Control / Analysis Ca X '

. pture / Player / Service
/ Assistant n 6esnnaTtHo API

lMpouec Ha alimpeKkuHa-aHanu3a: V/lscneBaHnAT YOBEK ceau npesd MOHMTOpa, KOMTO Nokassa
BM3yaneH CTMMyn (aHanuanpaHuaT obekT MoXe [a e cawT, KHWra, peknama u np., B cny4as
dnantcumynaTop). O6opyaBaHeTo 3anoyBa npoueca Ha kanubpupaHe 3a (vHa HacTponka W
npemaxsaHe Ha Bb3MOXHMW [PELUKN: ONpeAens ce MNOMOXEHWeTO Ha MMUEeTo CMpsMO KamepaTta u
CeH3opwuTe, n34ncnsaBaT ce koedmuMeHTUTe Ha OTKIoHeHne. B cnyvan Ha mobuneH Tpakep, YO moxe
Aa ce ABWxu cBoboaHO.

[B/XeHVeTo Ha o4MTe AMPEKTHO OTpa3siBa MUCIOBHUSA Mpouec Ha YoBeka. O4nTe C M3BECTHO
n3oCtaBaHe crneneBat TOYKUTE Ha KOHUeHTpauua Ha BHUMaHMETO Ha YOBeK. Pe3ynTaTv|Te oT
Fpa(i)I/ILIHI/ITe nm3cnegBaHnUA ACHO MOKa3BaT KOUM TOYKM OT €KpaHa Ca npuBneknn BHUMaAHUETO Ha
onepaTopa 1 Kou ca ocTaHanu He3abenasaHu. Peructpaumsata Ha peakumusita Ha 3eHuLaTa no3BonsiBa
Aa ce onpegenu kakem emoumm usnutea YO B MOMeHTa Ha bukcupaHe (MHTepec, pasgpasHeHue,
cTpax, npuTecHeHue n ap.).

AnroputbMbT, M3nona3eaH B Pupil Player, oTkpuBa 3eHuuaTa B n3obpaxeHue, OCBETEHO OT
uHdpavepBeHa cBeTNMHa. AMropMTbMBT He 3aBUCKU OT OTPaXeHMeTo B porosuuaTa um pabotm C
noTpeduTenu, HoceLy o4mna U KOHTaKTHU NeLwu.

Pe3yJ1TaTVI OT npoBeAgeHun aﬁTpeKVIHI'—VI3CﬂeABaHVIﬂ

Pe3yJ'ITaTI/ITe OT m3cnegBaHuATa morat ga obaar pas3geneHn B OABE KaTteropun:. BuUlyarHu U
CTaTUCTNUYECKN OaHHW. B|/|3yan|/|3au,mma € OT Tuna:

» TonnuHa kapta (Heat map) - npocTpaHCTBEHa XapakTepucTuka Ha BbHLWHUA BUA. B 3aBncumoct
OT uBeTa, TS OTpassiBa YectoTaTa Ha MPOABLIPKUTENHOCT Ha rnedaHe unu 6pos Ha dukcauumTe
(OT CMHBO KbM u4epBeHO). YepBeHWTe 30HM OTpassBaT obnacT, B KOMTO BHUMAHMETO €
CbCpeaoTOYEHO NoBeYye OT apyrute.

» Kaprta Ha mbrnarta (Fog map) — pasHOBMOHOCT Ha ToMnuMHHaTa kapTa. Bmecto uBAT, TyK Mma
NpO3payHOCT Ha CUBO-4YepeH (POH, KOWTO MOKpUBA CTUMYMHOTO M306pakeHue. MHOro sicHo
OTpassiBa enemMeHTuTe, BbPXy KOUTO € Haco4YeHo/ PoKycMpaHo BHUMaHUETO.

» Kapta 3a npemectBaHe Ha nornega (Scan Path) — BBHWHO T9 ce CbCTOM OT KpPbroBe
(dbvKcUpalM TOYKM), CBbP3aHU C NMHWM (cakagu) B MOCNedoBaTeENHOCT, CbOTBETCTBALLA Ha
ABMWKEHUATaA Ha o4uTe. Ta no3sonsaBa 0a ce oT4yeTaT BpemMeBUTEe XapakTepUCTUKM Ha nornena,
Kakto pefa Ha nornexgaHe Ha erieMeHTUTe, Taka W NpoAbIDKUTENTHOCTTa Ha rneaaHe -
AnameTbpbT Ha PUKCMpaLLMS KPbI 3aBUCU OT BPEMETO.

» T[luyeneH posik (Bee Swarm) — psako ce nsnonssa v ce npunara npy cb3gaBaHe Ha Bugeosanuc.
MpeactaBnsiBa TOYKM BbB BPEMETO, KOUTO ca 3a BCeKku m3nuTBaH. Korato ce cbbepat mMHOro ot
TAX, HanogobsaBaT ,nyYeneH posik”.

Ha dwr. 3 ca nokasaHun mobuneH okynorpacd Pupil Labs Core (nsiBo) u craumoHapeH
okynorpad Gaze Point GP3 HD, HannyHmn B cekumsa AepoKOCMMYECKM cuctemu 3a ynpaeneHue. Ha
eKpaHa Ha nsBaTa CHUMKa ce Bwxaa peructpupaHa ot codTyepeH naket Pupil Capture cakapga,
nonyyeHa no Bpeme Ha ceaHc Ha TpeHaxop C-Star, SimLat, N3paen [12]. Ha ekpaHa Ha adcHaTta
CH/MMKa e nokasaHa T. Hap. ,Fixation Map®, nonyyeHa oT codTyepeH naket Analysis UX, no Bpeme Ha
ceaHc Ha cumynatop Lock On Flaming Cliffs 2, Eagle Dynamics, CALL,.
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®ur. 3. Mobunen okynorpad Pupil Labs Core (a) u ctaunoHapeH okynorpad Gaze Point GP 3HD (6),
WHCTanMpaHn Ha KOMMTbPHA cTaHums B cekuns AKCY

Ha cur. 4 e nokasaHa 1. Hap. ,Heat Map® unu ,TonnuHHa kapTta“, nony4yeHa 4ypes3 okynorpad
Gaze Point GP3 HD no Bpeme Ha ceaHc Ha cumynatop Lock On Flaming Cliffs 2. Buwkaa ce kak
LAMMOTBT* 3agbpka nornefa BbpxXy MHOroyHKUMOHAnNeH aucnnen (gony BOACHO) B KabuHaTta Ha
camoreT Cy-27. TonnuHHaTa kapTa ce NocTposiBa aBTOMaTUYHO OT codpTyepHust nakeT Analysis UX.

dur. 4. ,Heat Map®, nonyyeHa c¢ okynorpadg Gaze Point GP3 HD Ha cumynatop Lock On Flaming Cliffs 2

Ha cur. 5 ca nokasaHu npumMepHu U3NONOIMYHN AaHHK, cbOpaHu oT okynorpad GP3 HD u
codbtyep Analysis UX, no Bpeme Ha noneteH ceaHc Ha cumynatop Lock On FC 2. Ha duur. 5a) ca
nokasaHu MOMEHTUTE Ha NPEMUrBaHMsATa Ha onepaTopa BbB BPEMETO U TAXHATa NPOALIMKUTENHOCT.
Ha c¢ur. 56) e nokazaHoO M3MeHeHMETO Ha AnaMeTbpa Ha 3eHuuaTa 3a ABeTe 04 Ha onepaTopa.
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M3nonsgaHute codTyepHn naketm 3a cbbupaHe W aHanM3 Ha QJaHHM nposexaat
3agbixkuTenHa kanubpoBka npean npoBexaaHe Ha CeaHC C BCEeKW eduH OT ABaTta npeacTaBeHu
okynorpadpa. [JaHHute oT kanubpoBkaTta ca CyOEeKTVBHM M MOraT Aa ce CbxpaHsBaT. Bugeosanuc c
n3nomnsBaHe Ha TOMMMHHA KapTa Moxe Aa ce Habniogasa Ha nuHK [13].

3aknio4yeHue

PaboTtHata cpepa 3a ynpaBneHve Ha BJIA e cunHo gmHammyHa u noctaes cneunduyHmn
npeam3BMKaTencTBa M M3MCKBaHUSA KbM onepaTtopuTe. Hanpumep, onepaTtopute Tpsibea Aa pabotar
NPOABLIMKUTENHN Nepuoan OT BPEME MpU MOCTOSAHHO TbpPCEHe Ha MHAOpPMauua 3a cuTyauuaTa Ha
noneta. Npe3 ToBa Bpeme, onepaTopbT ,abcopbmpa” n o6paboTsa ronemu KonmyecTsa nHdopmaums.
OT Hero ce o4akBa 6bp30 Aa oueHsBa Ta3n uHOpPMaUMa U da pearmpa Mo CbOTBETHMSA HayuH. B
cbwoTto Bpeme YO Tpsibea Aa KOMyHMKupa v obLyBa C ApYrn YreHoBe Ha ekunaxa. JombiHMTenHo
YCINOXHSAIBAHE Ha ponsta Ha onepaTopa € BUCOKOTO HUMBO Ha OTrOBOPHOCT W W3WUCKBaHUATa 3a
6esonacHocT, Tbi Kato BJIA mMoxe ga netTn BbB Bb3AYLIHOTO NPOCTPaAHCTBO MM 6nn3o A0 3emsATa,
KaTo 3acTpaluasa Apyrv camoneTun unm xopa.

MHoro oT rpeLuknTe, KOUTO AOMNYyCKaT eKMNaXuTe, Bb3HUKBAT OT HEMPaBUITHOTO pasnpenereHue
W NpeHacoyBaHe Ha 3pUTENHOTO BHMMaHWe npu ynpaeneHue Ha JIA gucrtaHunoHHo un no npubopu. B
cTtatusaTa ce npeanara usnon3BaHeTo Ha oKyrnorpadgusta 3a nsydasaHe MoaenvTe 3a pasnpeaeneHve
Ha 3pUTENHOTO BHMMaHWe Ha onepaTtopu-nunoTu Ha BJIA B npoueca Ha oGydyeHne Ha TpeHaxop npu
cumynauma Ha ynpasneHve Ha [AMJA. [BvxeHuaTa Ha o4ymTe HOCAT nonesHa wnHgopmauus 3a
npouecuTe Ha LUeHTpanHaTa HepBHa cucTema, MeToauTe 3a perynupaHe Ha [OBWXKEHUATA,
opraHusauuaTa Ha KOrHUTUBHUTE MpoLEeck, CbCTOAHMETO Ha YOBEK N HETOBUTE AENHOCTU.

MpenBuaeHNTE eKCnepuMeHTU e NO3BOMAT Aa ce NOTBbPASAT U3BoAUTE:

1. MpepnaraHoTo ekcrnepuMeHTanHo oGopyaBaHe Lie Mo3BonuM ¢ Heobxogumarta TOYHOCT U
[LOCTOBEPHOCT Ja ce u3crnefBa pasnpeierieHMeTo Ha 3pUTENHOTO BHUMaHUE Ha onepaTtopa Ha BIA B
npoueca Ha TAxXHaTa TPeHaXXopHa NoAroToBKa.

2. OueBugHa e B3aMMOBpb3KaTa Mexay npegnaraHATe MeTooM 3a  OueHKa Ha
pasnpefeneHneTo Ha 3pUTENHOTO BHMMaHWE W KayecTBOTO Ha nunoTupaHe. ToBa LWe pJdage
Bb3MOXHOCT @ Ce CPaBHAT pe3ynTtatute Ha rpynu ot obyyaBaHW Hanpumep Ha TakuBa, KOUTO umar
onuT B ynpaBneHneTo Ha JIA 1 Ha HauuHaeLu.

3. I/IsyanaHeTo Ha MeToguTe 3a macneaBaHe pasnpegeneHneTto Ha BHMMaHMETO Ha OCHOBa
n3nofi3BaHeTo Ha a|7|-TpeKep, KaKTO U aHKeTupaHe Ha 06yqaeM|/|Te, e no3BoJin Aa ce HanpasAT
nM3BoaM 3a HeobxogumocTTa OT pa3pa60TBaHe B Obaoelle Ha Hay4HO obocHOBaHa MeToauKa 3a
o6yqu|/|e 3a onTuMmanHo pasnpeneneHne Ha 3puTerIHoTo BHMMaHue B pasfinvyHn ycrnoBua U pexnmMmm
Ha noner.

BnarogapHocTu
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Pe3rome: B npednoxeHama paboma rpexodbm KbM CEPBbXWUPOKOIEHMO8U cugHanu Ha bazama Ha
HecuHycoudanHu yughposu Hocewu ce pasanexda, om edHa cmpaHa kamo ro-HamambWHO pa3gumue Ha Kraca
AuckpemHu cuesHanu, a om Opyea Kamo mexHosioeu4YHa peanu3dayusi Ha npedesiHama WUpPOKOIeHMo8ocm Ha
cuesHanume. MposedeH e aHanu3 U oueHka Ha echekmusHocmma om u3rosi3eaHe Ha HecuHycoudasnHu yugposu
Hocewu 8 CepbXWUPOKOIEHMO8U asuayUOHHO KOCMUYeCKU paduoruHuU 3a epb3ka U ynpaeneHue. pednaea ce
U ce 0obocHosasa pelweHue Ha 3adaYama 3a u3bop Ha suda Ha Hocewama Ha paduocueHanume Ha ocHogama
Ha yHKyuu Ha Yonw e OuckpemHume paduokaHasu o pasfuyHu Kpumepuu U ce oueHsiea msixHama
wymoycmodiqugocm.

PROPERTIES AND APPLICATION OF NON-SINUSOID DIGITAL CARRIERS
IN ULTRA-BROADBAND AVATION SPACE RADIOLLINES
FOR CONNECTION AND CONTROL

Radostina Hristova?, Zoya Hubenova?, Antonio Andonov?

lUniversity of Transport— Sofia
2Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: zhubenova@space.bas.bg; andonov@vtu.bg

Keywords: digital carriers, electromagnetic waves, reliabilty and noise immunity of radio
communications

Abstract: In the proposed work, the transition to ultra- broadband signals based on non-sinusoidal digital
carriers is considered, on the one hand, as a further development of the class of discrete signals and, on the
other, as a technological realization of the marginal signal bandwidth. An analysis and evaluation of the
effectiveness of the use of non-sinusoidal digital carriers in ultra- broadband aerospace radio links for
communication and control. A solution to the problem of choosing the type of carrier of radio signals based on
Walsh functions in discrete radio channels is proposed and justified according to different criteria and their noise
resistance is evaluated.

BbBepneHune

Kakto e nm3BeCTHO, MakcumanHarta eC*)eKTI/IBHOCT Ha KaHana 3a Bpb3Ka ce OO0CTura, Korato
M3MNON3BaHUTE CUrHaNM MakCuMarnHoO CbOTBETCTBAT Ha M3NCKBaAHUATA Ha kaHana. Obaye, NbnHoTaTa
Ha ToBa CbOTBETCTBME Y4YeCTO € OrpaHun4eHo OT MHOro npu4nHKU OT TeopeTudeH U NpPakKTU4Yecku
Xapakrtep. AKO B KayeCTBOTO Ha WM3XOAHO ce npnemMme ycrioBueto, 4e CUrHanbobT UMMa XapMOHUYHa
Hocella, To ﬂpOGJ’IeMbT 3a |/|360p Ha CUrHana ce ceBexda 00 onpeaendHe Ha onTuManHa mogynmpaHa
(byHKLI,l/Iﬂ n MetToga Ha moaynauud. ToBa e TpaaMunMoHHa NOCTaHOBKa B TEOPUA HaA CUTHaANUTE U
CUCTEMUTE 3a Bpb3Ka. 3a TOBa M3NoON3BaHUTE LLUNPOKOJTIEHTOBN CUrHann B CUCTEMUTE C pa3LlLnpeH
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CNeKTbp, T.e. CUrHanuTe, 4eCcTOoTHaTa feHTa Ha KOUTO CbLUEeCTBEHO MNpeBullaBa NeHTaTta Ha
npefaBaHuTe CboOLLEHUSA, MMa aHanoroBa (XapMOHWYHA) Hocelwla W AuckpeTHa (uudposa)
paswmpsiBalia nocrnefoBaTtenHocT. AHanoroBo-umdpoBata CTpyKTypa Ha  LUMPOKONEHTOBUTE
KOMYHUKaALIMOHHM CUCTEMU ce 0BSACHABA C ped NPUYMHM OT UCTOPUYECKN U TEXHUYECKM XapaKkTep.

B wuctopuueckm nnaH, TeopusiTa M TexHMKaTa Ha M3NbYBaHe W pasnpoCTpaHeHue Ha
pagvoOBBITHUTE WMHTEH3VWBHO Ce € pa3Buia B HamnpaBfeHWe Ha XapMOHWYHWUTE curHanu. ToBa e
CBbp3aHO C (paKkTa, Y€ OCHOBHW KpUTEPMM Ha pagUOKOMYHUKaLMuTe AbIro Bpeme ca 6wunu
pasCcTosiHME U HAOEeXOHOCT Ha Bpb3KaTa, a XapMOHWYHWUTE HOCELLM YAOBMETBOPSBAT TE3U KPUTEPUM.
M3uckBaHnaTa nNO OTHOLIEHWE Ha €erneKkTpoMarHWTHaTa CbBMECTMMOCT, LUYMO3allMTEHOCT,
yBenu4yaBaHe Ha CKOpOCTTa Ha npefaBaHe W ApYru ca BTOPUYHM MO OTHOLUEHUE KbM Pa3BUTUETO Ha
paguoKaHanuTe C XapMOHUYHU Hoceln. ChLUEeCTBEHO 3HAYEHME Ca UManu n TEXHNUYECKUTE NMPUYNHM,
CBbp3aHu C ABMEHMETO PEe30HaHC, KOETO € MHOro yaobHo 3a cenekuus Ha XapMOHU4YHM KonebaHus,
KakTo M PaKkTbT, Ye XapMOHUYHUTE konebaHua ca cobcTBeHM (YHKUUM 3a NIMHENHW CUCTEMU C
NOCTOAHHM MapaMeTpu 1 Npu NpemMrMHaBaHe Mnpe3 NMHEeNHW KaHanm He U3MeHAT cBosiTa cdopma. 3a
TOBa TEXHUYECKM MHOTO MO-NPOCTO € Aa ce NOCTPOU NPUEMHUK Ha U3BECTHM MO hopMa CurHanu.

M360p Ha HOocelm B LUMPOKOSIEHTOBU KaHanu

MpexoabT KbM CBPBbXLIMPOKOSIEHTOBM CUTHaNW ce pasrnexpa, OT ef4Ha CTpaHa kaTo Mo-
HaTaTbLIHO pa3BMTMNE Ha Kraca AWCKPETHWM CUIHanNW, a OT Apyra KaTo TEXHOMOorMyHa peanusaums Ha
npegenHarta WMPOKONEHTOBOCT Ha CUrHanure.

KOHCprKTI/IBHI/IFlT NbT KbM yBelM4aBaHe Ha Oasarta Ha ONCKPETHUA CcurHan ce CbCTou B
HamarnsiBaHe Ha OblhkuHaTa Ha enemMeHTapHust cumBor. 3a ToBa 3ajadvaTa 3a M3bop Ha AWCKpeTeH
curHan 3a Lwymo3allMTeHa cucTema ce pellaBa Mo MbTA Ha CUHTE3a Ha curHamna ¢ MUHUManHa
ObJIKXKMHA Ha CUMBOIaA. B To3u cnyqaﬁ Ce ocCbllecTBABa npexon KbM HeCTauuMOHapHO u3nb4yBaHe
(HecTaumoHapeH curHan). HectauuoHapHOCTTa ce onpegens oT ToBa, Yye dopmaTa Ha enemMeHTuTe
Ha UMpoBUTE HOCELLM Ce oMnpeaens OT nNpexoAHaTa XapakTepucTuka Ha NuHMsATa 3a Bpb3ka. 1o To3u
HauYMH CUrHanbT 3aema usnaTa guanyecka YecToTHa NeHTa Ha NMHUATA 3a Bpb3ka. O4eBMaHoO e, ve
€ HEBb3MOXHO [a Ce peanusvMpa LIMPOKONEHTOB LUMcpoB curHan ¢ 6Gasa, no-ronsima oT

croiHoctra 2 f T, .

Haii-uenecbobpasHo e BcneacTBuMe Ha npocToTtata npu dusmdeckata peanusauusi, B
Ka4yecTBOTO Ha UMEPOBKN HOCELLM Aa Ce U3MNoN3BaT ABOMYHM KOOOBW NOCNeLOoBaTENHOCTA, NPU KOETO
Ha cumBona ,0“ We cbOTBETCTBA OTpMUATESNIHO HMBO Ha curHana, a Ha cumBona ,1“ — Ha
NoNnoXutenHo. TakbB OBYHUBOB CWUrHam € Hamn-npocto peanudyem nNpu U3nof3BaHe Ha eHeprus oT
M3TOYHWK Ha NMOCTOSIHEH TOK.

M3BecTHM ca ronam Opor ABOMYHM KOOOBM NOCNE0BATENHOCTU, KOMTO MO MPUHUUN MoraT Aa
ObOaT mM3non3eaHM B KaA4yecTBOTO Ha uudpoBu Hocewwm [1].06aye HocewaTa Ha paguocurHana
TpsabBa [f[a ygoBneTBopsiBa peavua  CneumuyHM  M3UCKBAHMS, OCHOBHWUTE OT KOMTO ca:
OPTOrOHasHOCT, Nb/IHOTA M 3aTBOPEHOCT Ha cucTemarta yHKUuKM, 6anaHCMpaHOCT, OrpaHNYeHoCT No
OTHOLLEHME Ha [AbJjbkMHaTa Ha cepusita KoOOBM CUMBONKN, AETEPMUMHUPAHOCT, MNEPUOLMNYHOCT,
HanMyne Ha MoJynuMpyemu MHAOPMATMBHM MapamMeTpu, NPOCTOTa Ha CXeMWUTe 3a reHepupaHe U
mogynauus wn gp. lMocodyeHuTe wm3MckBaHUS criegBaT OT aHanM3a Ha TeXHUKO-MKOHOMMUYeckaTa
e(EeKTMBHOCT Ha cUCTeEMUTe 3a npedaBaHe Ha WHgopmaumsa. CMHTE3bT Ha HOCEWM MO TaKbB
MHOFOMEPEH KpPUTEPUI 3a KAYeCTBO € CBbpP3aH C MPUHUMMHW TPYLHOCTWU, KOMTO ce onpenensrt oT
HEBBH3MOXHOCTTA 3a TOYHA KONMMYECTBEHa OLieHKa Ha MHOro BaXXHW W3UCKBaHWS KbM HocellaTa Ha
curHana.

LincdpoBu Hoceln Ha ocHOBaTa Ha (pyHKLUM Ha Yonu

OcCHOBEH KpuTepuid 3a U36Gop Ha HoceLm OBUKHOBEHO Ce cumMTa CMOCOBGHOCTTa 3a npeHacsiHe
Ha eHeprus B ToukaTa Ha npuemaHe. ToBa MpPsiko crefBa OT CbLIHOCTTA Ha pasfnUYHUTE MeToau 3a
npefaBaHe Ha UHopmMaums. KonnyecTBeHO TO3U nokasaTen ce onpefens Ypes enekrpoMarHutHaTa
eHeprusi, n3nbyYBaHa B farneyHarta 3oHa. AHanNU3bT Ha pelleHusiTa Ha ypaBHeHusiTa Ha Makceen 3a
Bb3OyXKJalmTe TOKOBE, NpuHagnexawy kbM knac umdpoBuM yHKUMM MokasBa, 4e cpeaHaTa
M3nbyBaHa MOLLUHOCT MOXe Aa Obae TONKoBa MO-ronsMa, KOMKOTO € MO-ronsiM cpeaHus Gpoi Ha
U3MEHEHNe Ha CMMBONUTE, MPU YCIOBME, Y€ Mpu BCAKa CMsiHa Ha cumson ,1“ ¢ ,0“ n obpaTHo ce
n3nbyBa edHa u cbla eHeprus. OT Tyk crnefsa, Ye 3ajadvata 3a u3bop Ha UMdPOBU HOCeLMn ce
cBexAa [0 yOOoBMNeTBOpsSBaHe Ha YCroBUETO:

MaxE[i(t)], K, > K,,
lew—-I,ied
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kbpeto A e MHoxectBoTo Lmcpposu Hoceww; K| - ocramanute (ocsen E(1)) kputepun, kouto
TpsiGBa Aa Ce yAOBNETBOPSAT OT HocellaTa; W — LenusT 6poii Ha KpuTepunTe.
HocelunTe, ynoBneTBOPSIBALLM FOPHOTO YCrOBMe, He TpsiGBa Aa NpUTexXaBaT AbNMM CEepum

edHakBM MMMyncu. AHanuM3bT MNokasBa, Ye Hal-MbIIHO FOPHOTO YCIOBME Ce YAOBIEeTBOpsiBa OT
MeaHApoBW (hYHKLUMW, ONUCBAHWN Ype3 (PYHKLUMWU Ha YOI, He3aBUCUMO OT Mopsigbka Ha paHXupaHe

Ha kputepunte K .

M3BecTHM ca pa3nuyHm cnocobu 3a onpegensdHe u nogpexaaHe Ha yHKUMMTE Ha Yonuw, oT
KOUTO 3@ KOMYHMKaLMOHHWUTE CUCTEMW € Han-uenecbobpasHo Oa ce wu3nonssa nogpexaaHe B
3aBMCUMOCT OT Bpos Ha NpPOMeHUTE Ha 3Haka (T.e. MpeMMHaBaHe npes HynaTa) 3a eauH nepuon. Toea
Nno3BonsiBa CpaBHUTENEH aHanNu3 ¢ XapMOHUYHUTE HOcelln, nogpeaeHn no yectota. PyHkuuute Ha

Yonw Wal (T,,t) c Homep N u nepuon T, morar ga ce onpepensiT kato npousseseHue Ha
dyHKunuTe Ha Pagemaxep (MeaHApoOBU OyHKLUMM) B CRegHus BUA:

@  Wal,(T,.t)=T][Rad, (T,t)]",

kbaeto: | e 6posT Ha paspeauTe Ha umMcnoto N, 3anucaHo B kog Ha [pei; Q; — CTOMHOCTTa Ha
| —mus paspsp (Hyna wnu eaunnua); M=]1og, N[ e Homepa Ha aAvapata Ha dyHkunsTa Ha

Yonu; (] [) € udanarta 4acT Ha YMUCIOoTOo, onpeaernidHa KaTto:

@)  sign| sin2' A
T

w

W3pas (2) onpegens npocT anroputbM 3a hopMmnpaHe Ha PYHKUMM Ha YOnL, CbCTOsLL Ce B
YMHOXEHVE Ha MeaHOPoBMN PyHKUNN.

OT u3KMUYMTENHO 3HavyeHMe e, 4Ye cucTemara (*)yHKLI,Ml/I Ha Yornuw, Kakto M Tasn Ha

XapMOHUYHUTE (DYHKLUM € MbfHa U opToroHanHa. 3a ToBa pasnaraHeTo Ha curHanute B 6asvca Ha
Te3n PYHKLMN MOXe [a ce NpoBeae C NPOU3BOSIHA TOYHOCT.

®PyHKUMMTE Ha Yomnw npuTexaBaT CBOWCTBaTa 3aTBOPEHOCT U acoLMaTMBHOCT M TAXHaTa
cpefHa e paBHa Ha Hyna. CuctemaTa yHKUMM Ha YonL ce CbCTOM OT YEeTHU U HEYEeTHU oyHKUUK [2].

3a uenute Ha CpaBHUTENHMSA aHanu3 Ha cuctemata (QyHKUMUTEe Ha YOonw C ABOUYHUTE
KOOOBM MOCNeaoBaTEeNHOCTU Ca OT 3HAYEeHWe 3a CriefHUTEe CTPYKTYPHM CBOWCTBA Ha PYHKUUUTE Ha
Yonuw. CoblumTte € Bb3MOXHO Aa ce pa3dbuat Ha guaam (rpynu), KOUTO Ce XapakTepusmpaHu ¢ YMCnoTo

m:] I092 n[+l , T.e. C Bposi ABOUYHU pa3psaau Ha Homepa Ha yHkumaTa. C HapacTBaHe Ha

m-1
HOMepa Ha AnagaTta, KoJin4eCcTBOTO Ha beHKLl,I/IVITe B Hed HapacTBa B CbOTBETCTBME C YMNCIIOTO 2 .
3artoBa Te nputexasat CBOWCTBOTO Gaj'laHCI/IpaHOCT M Ca CbCTaBeHM OT Cepuin, CbabpxKalun eguH nnm

ABa cumBona, npu kKoeto obwwms Gpown cepumn e (I’H—l) 3a nepwuog TW. Tesn dyHkummn ca

m
OeTepMnHnpaHun nocnenoBaTesniHoCTU, CbAbpXalln LW = 2 CMMBOJIM BBPXY nNepuno C MakCumMmarliHa

AbmkuHa. BbB Bcekn nepuop obwma Gpoit eaMHuun e paBeH Ha Bpost Ha Hynute. CnegosaTtesiHo,
yHKUMMTE Ha YOnL CbBMECTHO C MHBEPCHUTE (bYHKUUM NpeacTaBnsasaT GUOpTOroHanHu Kogose.

3a npenaBaHe Ha uHdopMmauus e HeobxoAMMO Aa ce MoAynvpa Hocellata Ha Yonuw B
CbOTBETCTBME C nNpedaBaHOTO CbobuleHne. MoaynupaHata B CbOTBETCTBME CbC CbOBLLEHMETO
Hocellla Ha Yorl ce Hapuya curHan Ha YorL.

3a curHanuTe ¢ ungpoBa Hocella ca NPUIoXKMMU BCUYKM BUAOBE MOAYNaLMU, XapakTepHU 3a
cUrHanute ¢ xapMoHudHa Hocewa. Obave, Tbi KaTO CUrHanNUTe Ha Yonw umaT 4eTupu He3aBUCUMU
napameTbpa, TO MNPV M3MON3BAHETO MM B KayeCTBOTO Ha HOCELLM € Bb3MOXHa ole U KoAoBa
mMoZynauusi, T.e. MaHunynauuMs B CbOTBETCTBME C HOMepa Ha Hocewarta. [pyu m3non3saHe Ha
XapMOHWYHM HOCELLM TakaBa MaHunynaums € HEBb3MOXHa.

Ha cbmr.1 € NoKa3aHa CTPYKTypHa CXemMma Ha aMnnnTtyaeH moaynartop.
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our. 1. CTpykTypHa cxema Ha amMniuTyLeH MoayrnaTop

Ha cwur.1 c KB € 03Ha4yeHO KBaHTYBALLOTO YCTPOWCTBO (OMCKpeTM3auusi no HuBo), PE e
dukcupall, eneMeHT, OCbLLECTBABALL ANCKPETM3auusa 1 ukcauusa Ha amnnutyguTte ¢ nepuoa Ty, o
KpaTeH Ha nepuofa Ha HocellaTa Ha Yoriw, reHepupaHa oT cuHTesatopa dY.

Mpn mopynauma Ha curHanuTe Ha Yonw no 4yectota e HeobxoAumo fa ce oT4yeTe, 4ve 3a
pasnuka OT XapMOHWYHUTE CUrHarnu, BPEMEHHOTO MOSIOXKEHWe Ha curHana Ha Yornw n 4yectotute my
He ca CBbp3aHy MyNTUMNIIMKaTUBHO.

Bb3 ocHOBa Ha ropemsnoXeHoTo, crnedBa 4Ye Ha OcCHOBaTa Ha dyHKUMMTE Ha Yonw e
Bb3MOXHO Aa Ce Cb3fagaT CBPbXLWIMPOKOMNEHTOBM HOCELWM OT ABa BUAA: HENPEKbCHATU U ANCKPETHU
(vmnyncHu). MN360pbT Ha KOHKPETHWS BWMA HOCEWM Ha YOonw 3aBuMCKM OT Bb3MOXHOCTUTE 3a
U3MNon3BaHe Ha TEXHUTE XapakTepUCTUKM MpU TEXHWYEecKaTa peanu3aums Ha CUCTeMMn 3a npejaBaHe
Ha MHdopMauus € UMAPOBU CUrHanNM.

B cuctemute 3a npegaBaHe Ha MHOpPMaUuUs curHanute npeactaBnsaBaTt OYHKLUMKU, KaKTO Ha
TeKyLLOTO BpeMe, Taka U Ha NpeJaBaHOTO CbobLUeHne. BpemeBaTa 3aBMCMMOCT onpeaens dopmara,
a vHdopMaLMoHHaTa 3aBMCMMOCT XapakTepuanpa smaa moaynauus. AKo curHanuTte ce npepasar rno
Hen3KpMBSABAaLL, KaHan u ce npuemaT eQuHCTBEHO Ha hoHa Ha B6an WyM, Ka4ecTBOTO Ha NMpuemaHe ce
onpefena camo OT BMAa Moaynauus U He 3aBucu oT popmaTta Ha npepasaHuTe curHanu. Kakro
dopmarta Ha curHana, Taka M Buga Ha Mopyrnauuata morat ga ce ontumusupaTt, T.e. Aa ce
cbrmacyBaT C [fadeH KOMyHMKauMOHeH kaHan. PaspaboTBaHeTO Ha pasnuuHM nogxoau 3a
cblnacyBaHe Ha CurHanute C KaHana 3a Bpb3ka € eduMH OT MbTuwata 3a obesnevaBaHe Ha
dYHKUMOHaNHa ycTon4MBOCT Ha KOMYHMKALUMOHHUTE cucTtemu [3, 4], kKaTo ce ocurypsisa rapaHTmpaHo
HMBO Ha paboTOCNOCOBHOCT Ha cucTemarta B Pas3NUYHU CUTyaLun, C OTYUTAHETO Ha CTaTUCTUYECKUTE
XapaKTepuUCTUKN Ha CUrHana, kaHana u wymosaTta obcTaHoBKa.

3aknroyeHune

Bcneacreme Bb3MOXHOCTUTE 3a TEXHUYECKa peannsaums, B KA4eCTBOTO Ha LMPOBY HOCELLU
Han-4ecTo ce M3non3eaT ABOMYHU KOAOBM nocnegosaTenHocTu. Obaye Hocellata Ha curHana Tpsibea
Aa ygooBnetBopsBa peauua  cneunmduYHM  U3UCKBaHWS, OCHOBHWTE OT KOWUTO Ca CrnegHuTe:
OPTOrOHAaNHOCT, MNbMHOTA M  3aTBOPEHOCT Ha  cucTemata  (OyHKUMS,  NEPUOAMYHOCT,
Bb3MNPOU3BOAUMOCT, HanmuMyMe Ha MogynuMpyemn WHPOPMALMOHHM napameTpu, MpocToTa Ha
reHepaums v T.H. AHanuM3bT Nokassa, Yye LMdpoBUTE HOCELLM HA OCHOBaTa Ha OyHKUMUTE Ha Yonuw
Har-MbJIHO yOOBMNEeTBOPSABAT T€3UN U3MCKBaHMA 1 ob6obLiaBaHeTO U cucTemaTusauusaTa Ha cBoncTBaTa
UM e LUIMPOKO pasrnefaHo B crieuuanuanpanarta nureparypa.

PasrnegaHuTe OOCTOMHCTBA Ha LUMPOKONEHTOBUTE TEXHOMOMMM, OCHOBAHW Ha W3MOSi3BaHETo
Ha LUMdPOBKN HOCELLM U CUTHaNM Ha Yoriww, No3BoNnsBaT CbLUUTE Aa ce pa3rnexaart KaTto NepcrnekTuBHa
anTepHaTMBa Ha TpaduMUMOHHaTa ,CUHycouaanHa“ TEXHONorns, U3nomnssBaHa B HacTosle BpeMe B
6e3npoBogHUTE TEXHOMOrMW, W3MNOM3BaHW B pagunoKaHanuMTe B CneuvanHa KOMMfekcn 3a
MHMOPMALMOHHO B3aMMOAENCTBUE, BKIIOUYUTENHO B KOMMNIEKCUTe ¢ 6e3nunoTHY netaTtenHn anapartu
W OpYrM KOMMSEeKCM Ha MobunHata BUCOKOCKOPOCTHA paavoBpb3ka. B mMomeHTa akTMBHO ce
n3nomnseaT CMeCeHW MeToAM 3a mMoaynauus Ha curHanu Ha Yonuw. TakaBa mopynauus € ocobeHo
uenecbobpasHa Npu NOCTPOSABAHETO HA T.HAP. CbBMECTHU (MHOTOMYHKLMOHANHWN) CUCTEMM.
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Abstract: Postfix calculators, based on the postfix notation (Reverse Polish notation or RPN), are widely
used in different scenarios. Hewlett-Packard Company (HP) pioneered the method in handheld and desktop
calculators in the late 60-ties and early 70-ties and the widely used following models with scientific and
programmable features were based on the postfix notation. The first calculator employed in space missions was
also an RPN pocket calculator — the HP-65 introduced in 1974 flown on the 1975 Apollo-Soyuz Test Project. Later
other calculators went to space like the HP-41C and the Elektronika MK-52.

The current article elaborates on a free pocket calculator software application that turns any smart device
into a postfix complex numbers calculator benefitting from the well-established RPN approach and also from the
now modern application driven smart device utilization. The software application is online, platform independent,
free, no download or installation requiring, constantly evolving and meant for scientific and engineering use in the
space sciences among others. The project was developed by the author of the current article during the last
13 years.

OHNANH NOCT®UKCEH KOMMNEKCEH HAYYEH KANKYJIATOP
3A MOBUJITHN YCTPOMUCTBA

CBetocnaB 3abyHoB

VIHcmumym 3a kocMmuyecku uscnedsaHusi U mexHornoauu — brnzapcka akademusi Ha Haykume
e-mail: SvetoslavZabunov@gmail.com

Knrovyoeu dymu: OHnaliH nocmguUKCEH KOMITIIEKCEH HayYeH KaslKynamop

Pesrome: NocmebukcHume Karnkynamopu, ba3upaHu Ha rocmgukcHama Homauusi (obpameH rosicku
3anuc unu RPN), ca wupoko u3snon3dsaHu 8 pasnu4Hu 3adadu. KomnaHusma Xwonem-lakapd (HP) e nuoHep &
MpUIoXeHUemo Ha mo3u Memoo0 8 PbYHU U HACMOJIHU KarKynamopu KbM Kpasi Ha 60-me u Hayasomo Ha 70-me
200uHu. lMbpsusim Kankynamop usrnon3saH 8 kocmoca e RPN-0xobeH kankynamop — HP-65, cb30adeH npe3
1974. lNo-kbCcHO dpyau Karnkynamopu cbuwo 1emsm & kocmoca kamo HP-41C u SnekmpoHuka MK-52.

Hacmosiwuiama cmamus pasenexda eduH b6esnnameH cogpmyep, cumynupaw;, 0xobeH KasKynamop,
KoUmo npespbWa 6CSKO cMapm-ycmpolcmeo 8 MocmeUKCEH KOMIIIEKCEH KaslKynamop, nosdeaw; dobpe
ycmaHoseHusi RPN-o0xod, a cbwio maka u modepHama yrnompeba Ha MOBUIHUME [PUITOXEHUS.
CocbmyepHomo npurnoxeHue e oHnalH, niamgopmMeHo-He3asucumo, 6e3rnnamHo, He u3ucKeaw,o uamearsiHe
unu UHcmarnayusi, HerpekbLCHamo pa3eueallio ce U rpedHa3HayeHo 3a Hay4YyHO U UHXEHEPHO U3rosi3eaHe 8
KocMu4yeckume Hayku, a U 8 UHXeHepHume Hayku u3obujo. poekmbm e paspabomeH om asmopa Ha
Hacmosiujama cmamusi rpe3 riocriedHume 13 200uHu.

Introduction

Postfix calculators are based on the postfix notation also known as Reverse Polish notation
(RPN). It is a mathematical notation where the operands are preceding the operators. When
implemented to a handheld calculator, the latter would need no equal “=” button, nor any parentheses
“(H’ H)!! buttons.

101


mailto:svetoslavzabunov@gmail.com
mailto:SvetoslavZabunov@gmail.com

Fig. 1. HP-35 introduced in 1972 was the first world’s scientific calculator. It used the postfix notation.
Attribution: Hweihe [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)]

The description "Polish" refers to the nationality of logician Jan tukasiewicz [1]. He is the
Polish notation inventor (1924), while the reverse Polish notation was introduced much later — in 1954
by Arthur Burks, et al. [2]. This approach was extensively employed by Edsger W. Dijkstra in stack
oriented computers.

.
B

Fig. 2. HP-65 — the first programmable handheld calculator in space used in the 1975 Apollo-Soyuz Test Project

Hewlett-Packard Company (HP) pioneered the method in handheld and desktop calculators in
the late 60-ties and early 70-ties [3]. In computer programming languages that are stack-oriented, like
Forth and PostScript, the method is common. The first HP calculator to employ the approach was the
9100A Desktop Calculator designed in 1968 [4]. It had only three stack levels also called three-level
RPN. Through this machine the reverse Polish notation was popularized among the scientific and
engineering communities. Then in 1972 it was followed by the world's first handheld scientific
calculator, the HP-35 (see Fig. 1). It introduced the classical four-level RPN. The HP-35 User's Manual
states “... The operational stack and reverse Polish (tukasiewicz) notation used in the HP-35 are the
most efficient way known to computer science for evaluating mathematical expressions ..."

The first calculator used in space missions quickly followed in 1974 — the HP-65 (see Fig. 2). It
is the first magnetic card-programmable handheld calculator and became the first programmable
handheld calculator to be flown in outer space when it was carried on the 1975 Apollo-Soyuz Test
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Project. It was a backup in case of failure of the Apollo Guidance Computer. Later other HP
calculators flew in space among which the most famous and most widely used is the HP-41C (see
Fig. 3). It was the major pocket calculator on the Space Shuttle programme [5]. During the early
80-ies, the times when the Space Shuttle’s first flight took place in 1981, computer technology had
advanced rapidly and was already highly miniaturized. NASA purchased the HP-41C programmable
pocket calculator and loaded it with a variety of software for use by the Space Shuttle crew. Only a few
minor changes were administered like adding Velcro strips to the case and removing some parts that
might emit gases during flight.

Astronaut Gordon Fullerton abosrd Columbia on the last flight. using his HP-41. A NASA technician in the Space Shuttie
Notice that he is “sitting” in midair, in the “zero” gravity of outer space. (Photo  Simulator stores the HP-41C Caiculatorin s
courtesy of NASA. special pouch in the astronauts’ flight suit. i

Fig. 3. HP-41 in space. Top-left: HP-41CV owned by S. Zabunov, Top-right: Sally Ride with several HP-41 aboard
the Space Shuttle (Photo courtesy of NASA), Bottom-left: Astronaut Gordon Fullerton aboard Columbia on the
last flight, using his HP-41 (Photo courtesy of NASA), Bottom-middle: A NASA technician in the Space Shuttle

Simulator stores the HP-41C Calculator in a special pouch in the astronauts' flight suit. (Photo courtesy of NASA),

Bottom-right: A Space Shuttle launch. (Photo courtesy of NASA).

HP-41C was introduced in 1979 and costed only $295, so NASA purchased a large number of
them for the members of the crew. HP-41C was used by astronaut Sally Ride and several other
astronauts on a total of nine Shuttle missions. Fig. 3 top-right shows astronaut Ride on the Challenger
flight of June 1983. Each calculator weighs about 200 g, measures 14 cm x 7.5 cm x 3 cm, and has its
own primary batteries or secondary batteries that do not require often recharge thus being
independent of the Shuttle’s main power supply. NASA eventually replaced these calculators with
more sophisticated personal computing devices, including laptop computers, for the Shuttle crews.

A Soviet-made scientific postfix calculator also flew in space. The Elektronika MK-52 went
spaceborne in 1988 on the “Soyuz TM-7” mission [6, 7] where it was a backup computer for the
calculation of the landing trajectory in case an on-board computer failure (see Fig. 4).
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Fig. 4. Elektronika MK-52. The first Soviet programmable postfix calculator used in space flown
on the “Soyuz TM-7” mission.

The Complex Postfix Scientific Calculator — Online Application for Mobile Devices

During the last 13 years the author was constantly developing and improving a software
application. This is a complex postfix scientific calculator meant for space scientists and engineers, but
also helpful to any scientist in need for a pocket calculator with RPN notation working with complex
numbers. The software is free. It is also platform independent and requires no download nor
installation steps. These features place it ahead of any existing mobile device app that does require
download and installation, and in the general case is not platform independent.

Fig. 5. The postfix complex scientific calculator application opened on a smartphone.
Hosted at http://ialms.net/calcp/ with free access.

The requirements to run the calculator on a given device are minute: the user really needs a
device that can run a modern HTML5 web browser. This could be a mobile smart phone, a tablet, a
laptop, a smart TV, a desktop computer, etc. Once the URL, hosting the calculator
(http://lialms.net/calcp/), is opened, the application will start and will turn the device into a calculator. A
small sized smartphone (see Fig. 5) is the most suitable solution because once loaded the application
will turn the smartphone into a pocket-sized handheld postfix complex scientific calculator.

The calculator was conceived for applications in the radio-engineering, electrical engineering
and theoretical mechanics fields. As we all know, radio- and electrical engineers are in constant need
for complex number calculations. Writing software for each task is a solution, but often this path is an
overkill as certain problems need a few non-repeatable complex number calculations that a pocket
calculator can do quickly and without programming effort. Also, the smartphone is in most times with
us anyway, in contrast to a laptop computer that we may not carry around at all times.

The calculator software uses a 5 registers stack and 100 registers memory (see Fig. 6). It also
supports most well-known and widely used scientific mathematical functions and new function are
added constantly. This article is not aimed at being a user’'s manual, hence no work shall be done on
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describing all calculator features. The philosophy of the project is what matters. User’'s manual will be
soon posted online and accessible freely by any visitor from around the world.

Wiy .——’ . —_ — »——@
oy f Lo [T o

Fig. 6. The postfix complex scientific calculator user interface

Finally, an example of a typical application shall be disclosed. In Fig. 7 an engineering circuit
is shown comprised of passive resistive and reactive components and an ideal voltage source. Let’s
assume we need to calculate the voltage across the resistor R. Taking into account the frequency of
the ideal voltage source we first compute its angular velocity and store it in the memory register MOO:

(1) w=2nf=62.83rad/s, in RPN: [2] [m] [1] [@] [x] [x] [Mee].

Then we obtain the complex impedances of the passive components and store them in memory:

(2) ZCi=-j/(wCy), in RPN: [j] [CHS] [MRee] [+] [Me1]
() ZCz2=-j/(wCy), in RPN: [@] [.] [5] [+] [Me@2]

(4) ZLi=jwly, in RPN: [j] [MRee] [1] [@] [x] [x] [Me3]
(6) zZP=ZL1|| ZC2|| R, in RPN: [MR@2] [1] [©] [X[Y] [XIY] [Me4]
(6) ZT =ZP + ZCx, in RPN: [MRO1] [+]

We notice that the voltage across the resistor is the voltage across the group of the three parallel
components L1, Cz and R. Then we divide the voltage by the total impedance to obtain the current and
finally we multiply the current with the ZP impedance obtaining the voltage across the resistor:

(7) 11=V1/ZT, in RPN: [1] [0] [X<>Y] [+]
(8) VR=11*2P, in RPN: [MRO4] [x]
3 S -
||
> 4 4
]
—
v V1 ; 11 — L2 [] R
10 V / 10 Hz 10 H PU.S F 10 Q
o
< <V AV AV
GND GND GND GND

Fig. 7. The schematic diagram of a problem easily computable with the help of the complex scientific calculator
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Conclusions

The everyday mathematical calculations, an engineer needs to do, often include one-time
operations and require no programming, but a pocket calculator. On the other hand, complex number
computations are essential in a number of scientific fields and further a postfix calculator notation is of
great help in these cases due to its ease of use. The proposed software application successfully turns
any smartphone into a pocket handheld complex postfix scientific calculator and does it for free.
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Abstract: In the paper hereby, an exemplary design of weighing scales is proposed. The device has
been designed for figuring out mass center longitudinal coordinate of a remotely controlled aircraft. The device
essentially comprises a load cell including a Wheatstone bridge with strain gauges and a 24-bit analog to digital
converter interfacing a data logging microcontroller unit. The load cell design was investigated by means of
Autodesk Inventor and Finite Element Analysis was carried out further in order to find an area with maximum
equivalent strain. This area is considered best suited to mounting the strain gauge. The calibration stage was
subsequently performed in order to get the device response in terms of etalon weight values.

The project goal is to examine the weight scales response thoroughly so as to make use of them on the
unmanned airplane available in the department of Aerospace Control Systems.

NMPOEKT HA BE3HU 3A HAONTBXHA BAJTAHCUPOBKA
HA BE3IMWUIIOTEH CAMOJIET

KoHcTaHTMH MeTOoaneB

UHecmumym 3a KocMuyecku usciiedsaHusi U mexHosioeuu — bbrizapcka akademusi Ha Haykume
e-mail: komet@space.bas.bg

Knrovyoeu dymu: Mocm Ha YumcmoH, MUKpokoHmporep, b6esnuinomeH camonem

Pe3rome: B Hacmosiwama cmamusi € npedioxeH npuMepeH npoekm Ha asualyuoHHU ee3Hu. BesHume
ca npoekmupaxu 3a onpedesisiHe Ha HadIb)XHama KoopOuHama Ha Macoeusi UeHmbp Ha 6e3nuiomeH camonem.
Yempolicmeomo npedcmasnsiea OuHaMoMembp, 6KAYseaw, Mocm Ha YUumCcmoH C meH30MempudyeH
eb3npuemamen u 24-6umoe aHaso20-uyughpos npeobpasyeames, Kolimo e cebp3aH C MUKPOKOHMpPoOnep 3a
cbbupaHe Ha OaHHu. [JuHamomembpbm bewe u3cnedsaH 8 cpeda Autodesk Inventor u aHanusupaH no Memoda
Ha KpaliHume enemeHmu, 3a 0a ce Hamepu obsiacm ¢ Hau-eonsima deghopmauyus. Tasu obsacm ce cyuma Hau-
nooxodswa 3a MOHMax Ha 4yecmeumesHus enemeHm. B nocrnedcmeue bewe u3dsbpuwieHa kanubpoeka, 3a 0a
ce Hamepsim rokasaHusima Ha ycmpolcmeomo 3a pasfiuyHU emarnoHHU meena.

Llenma Ha npoekma e Oa ce u3cnedsa nodpobHo ycmpolicmeomo Ha OuHamomembpa, 3a Oa ce
u3srnonsea Ha 6e3nunomeH camonem, HaaudeH 8 Cekyusi ,AepOKOCMUYECKU cuCmeMU 3a yripaseHue”,

Introduction

The paper hereby outlines yet another approach towards working out a solution to the problem
of aircraft longitudinal balance. The mass center longitudinal coordinate is among the most important
flying and maneuvering characteristics of an aircraft. The aircraft is said to be longitudinally stable in
terms of the load factor value if the mass center is located ahead of the aerodynamic center. This
condition ensures that the airplane might be trimmed during flight and able to fly along a straight path
with hands off controls. The mass center location varies within certain limits. If it is too far aft, the
airplane will be sensitive to applied controls and difficult to be brought back to longitudinal equilibrium.
On the other hand, if the mass center is too far forward, the airplane will be excessively stable and
difficult to pitch up/down which might be dangerous during take-off and landing.

The presented study aims at coming up with an easy-to-build tool in an effort to estimate the
longitudinal coordinate of the aircraft mass center.
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Materials and methods

The experimental setup is depicted in Fig. 1. It consists of three weighing scales placed right
beneath the airplane tires. The scales are connected to a manifold box containing a signal
conditioning unit, an analog to digital converter, and a microcontroller unit solely interfacing a PC. Not
only does the PC store data but it also works out a solution to the statistical problem and (optionally)
displays a graphical interface for the technician to figure out longitudinal coordinate of the mass center
in real time and adjust the payload weight and placement if necessary.

12 ( ‘
e — \
le X M ’-‘
ass center "N—ﬁ
| S —— .Y

i weighing

Q scales V

Oatum | '
: - “ > -
Fy {}/ , 4
Fig. 1. Forces and distances layout (left) and the experiment outline

Having taken scales measurements, is becomes possible to obtain the mass center
longitudinal coordinate by working out a solution to the equation:

ZLiFi
:'Z_Fi ,

which essentially gives how many times the total weight goes into the first moment of inertia. There is
no obligatory site at which the datum is to be put up. Instead, a suitable place must be selected that
will not change during lifespan of the aircraft, [1], for instance the canopy tip, Fig. 1. Then, for each
measured weight, following exemplary table might be written down, [2], in accordance with formula (1)
and Fig. 1. It is assumed that the aircraft has been initially balanced in lateral direction.

1) L

Table 1. Exemplary computations according to Fig. 1

Weight, kg = Arm, m Torque, kg.m Mass Center, m
F1=55 L1=0.5 L1*F1 =2.75

F2 =25 L2=1.5 L2*F2 = 37.5
F2 =25 L2=15 L2*F2 = 37.5
>F =555 S(L*F)=7775 L=14

In Table 1, two main wheels have been taken into account, which is the reason why the torque L2*Fz is
computed twice. The weighing scales placement is depicted in detail in Fig. 2.

Fig. 2. Load cell mechanical design placed beneath the airplane main wheel
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The project circuit is depicted in Fig. 3. It comprises following units: an active half-bridge, a 24-
bit ZA analog to digital converter (ADC) HX711 [3], ATmega644P microcontroller unit (MCU) [4], and
MAX232 serial data converter (TTL — RS232) interfacing a PC. The bridge circuit includes two fixed
resistors and two gauges of 1 kQ each. The bridge output is converted by the HX711 ADC. A
proprietary serial communication protocol is used to establish communication between the ADC and
the MCU. The source code is published in the Appendix section.

Fig. 3. Project schematics

The Wheatstone bridge analysis aims at working out value of the voltage difference V* — V-
according to Fig. 3. For currents which flows through each leg (see the bridge section) it might be
written that

AV, AV,

@ 1, =—"Yeo
' R1+RSG1 ’ RSG2+R2

and voltage drops across resistors R2 and Rsc: are
®) V, =1,R, Ve =11Rsy

Hence, after substituting for currents l1 and Iz, it yields

R R
(4) V*—V=AVDD[ 2 s6l j
RZ + RSGZ Rl + RSGl
In order to balance the bridge, the following requirement must be met V* — V- = 0 which implies
(5) R _ Rsc2
RSGl RZ

The proposed bridge configuration is called “half bridge.” It is twice as sensitive as the quarter
bridge. Both gauges are mounted on opposite sides of the load cell so as to experience equal loads
with different signs. In this way, tensile stress is applied to one gauge whilst compression stress is
applied to the other. The adopted idea is depicted in following Fig. 4.
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Fig. 4. Strain gauges placement onto the cell in half-bridge configuration

A Chinese load cell YZC-133 with load span of 10 kg was used in the current study. The cell
outline is depicted in Fig. 5. The overall dimensions are 13 mm/13 mm/80 mm. In order to find out a
spot best suited for mounting the sensing element, a finite element analysis (FEA) was carried out by
means of a FEA tool readily available in Autodesk Inventor. The strain/stress relationship was
obtained in order to figure out an area with maximum strain. The area is considered the most suitable
place where the gauge is to be placed. In Fig. 5, the computational mesh is visible, so are the applied
force and the fixed constraints.

Fig. 5. Computational mesh over a load cell YZC-133 (left) and the prototype itself

The calibration procedure was performed as follows. For purpose of comparison, a weighing
scale with accuracy of + 2.5 gram was used as a reference gauge. A number of fixed weight values
were delivered in succession and the output ADC values were logged afterwards. Then, a regression
line was fitted to the observed data previously assumed to have been normally distributed. For this
reason, no less than 30 measurements must have been taken for each etalon weight. Histogram were
drawn afterwards as well as computing values of standard error and confidence interval.

Results

In Fig. 6, the results obtained after carrying out FEA analysis show equivalent strain
distribution over the load cell. The applied force value is 100 N and the assigned material is Aluminum
2014-T6 (AlCu4SiMg). The strain maximum values (dimensionless) are depicted in red indicating in
this way a place best suited for mounting the sensing element.
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Fig. 6. Equivalent strain distribution over the cell subject to a load of 100 N

Table 2 shows mean values of etalon weights applied to the cell during calibration stage.

Table 2. Calibration data

Mean, ADC levels | stddev stderr conf, 0.95
56624 61 11 0.689797
290951 248 45 2.793699
524819 589 106 6.638381
751867 882 158 9.93213

962195 4388 788 49.42468
1419683 1167 210 13.14609

In Fig. 7, the best fit line is shown, so are the equation of line and the correlation coefficient. In
Fig. 8 the histograms are shown for mean values of samples with size of 31 measurements each.

Fig. 7. Calibration curve for YZC-133 10 kg, HX711 24-bit ADC
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Fig. 8. Histograms for all experimental runs with 31 sample points each

Discussion

The correlation coefficient value R2 = 1 indicates a strong relationship between measured and
estimated data. The histograms in Fig 8 show that samples happen not to converge toward the mean
value which is a significant drawback indicating a low sensor repeatability.

Perhaps, the most important topic is making use of a signal conditioning module, or rather, its
absence in the adopted schematics in Fig 1. The HX711 ADC contains a programmable gain amplifier
with values of 32, 64, and 128. The module main purpose is to amplify the signal for the ADC to be
able to convert it. This module is frequently referred to as instrumentational amplifier. Apart from the
high-resolution ADC mentioned in the paper, INA333, [5], amplifier was also used in the current study
alternatively for validation purposes. The amplifier input offset voltage is well below the bridge
sensitivity, i.e. 25 pV. Having been amplified, the signal enters a 12-bit ADC ADS1015 [6]. To sum up,
both approaches towards carrying out this particular experiment are equally admissible. Whether
either of them is applicable or not is a matter for the scholar to decide.

In the presented study, trial versions of Autodesk Inventor v.2020 and MikroC Pro for AVR
v.7.0.1 were used. Both UAV and weighing scales models might be downloaded for free at [7] and [8].
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Appendix

// Code for getting data from HX711 24-bit ADC, ATmega644P MCU
// Mikro C Pro for AVR, v.7.0.1, Mikroelektronika LLC

#define nl() UART1_Write(13); UART1 Write(10)

signed long readHX711() {
signed long x = 0;
int i, gain = 1; // gain =1...3

for (i =0; i < 24; i++) {

PORTA.FO = 1;
X <<= 1;
// Delay_us(50); // optional
PORTA.FO = O;
X |= PINA.F1;
Y/ /for_i
for (i = 0; i < gain; i++) {
PORTA.FO = 1;
asm { nop }
PORTA.FO = 0;
asm { nop }
Y/ /for_i
return x;
}//readHX711

void main(Q) {
signed long res;
char t~xt[12];

DDRA = 0b00000001; // PAO-clock; PAl-data; 1-output; O-input
PORTA = 0x00;
UART1_Init(57600);

while (1) {
res = readHX711();
LongToStr(res, txt);
UART1 _Write_Text(txt); nl();
delay_ms(250);

}//while_1

}//main
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BtBeneHune

BbrnepoawsT ot BB npu petoHauua Ha koHAeHaupaHu BB npertbpnsBa B AeToHauuoHHaTa
BbJIHa nonumopdHO npespbLyaHe ¢ obpasyBaHe Ha a3n Ha BMCOKO HamnsraHe-gnamaHT. YacTtTa Ha
AvaMaHTWUTe BbB BblnepoaHaTa pakumus Ha NpoayKTUTe Ha AeTOHauMs e pasnuyHa 3a pasnuyHuTe
BB (7.e. 3aBucu ot npupogarta, pasMmepa Ha vactmuute Ha BB, OT konuyecTBeHUss M KayecTBeHus
cbcTaB Ha BB, oT pasnuyHuTe gobaBkn) M OCBEH TOBa 3aBUCKU U OT (DAKTOPWUTE XapakTepusmpaliu
npoueca Ha CbxpaHsiBaHe (3anasBaHe) Ha AuMamaHTa MorydyeH B XumMudeckata 30Ha (HansraHeTto u
npupoaaTta Ha rasa, 3anbfiBall kKamepaTa, TErnoTo Ha 3apsga n obema Ha B3puBHaTa kamepa [1].

Teopusi Ha meToAa

MexaHn3mMbT Ha npexofa Ha Bbrnepoaa OoT Bbrnepoacbabpxalwm BB B guamaHT e: nonyyaBaHe
Ha cBobogeH Bbrnepop B M 1 npexogbT My Npy JOCTUraHe Ha onpeaerneHo HanaraHe n TemnepaTypa
B OuamaHTeHa Henposogdwa ¢asa. CmeceHuWTe 3apsau, CbCTOSWM Ce OT MpecoBaHa CMec OT
npaxoseTe Ha BB n BbrnepogHa gobaeka (rpacout, caxau), Npy 4ETOHALUMOHEH CMHTE3 Ha AMaMaHTu
dopmupaT pasnMyHM CTPYKTYPU Ha OUaMaHTW, KOETO KaKTO M3rmexaa e nposiBa Ha pasfvyHuTe
MexaHU3MM Ha npeBpbLUaHe Ha Bbrnepoga B AuaMaHTW, @ UMEHHO- MapTeH3UTEH OUAY3NOHEH Unn
Kpuctanusaumsi Ha crtonunka [2, 3]. CBobogHusi Bbrnepon B [ npeTbpnsBa nonumMopdHo
npeBpblUiaHe B AMaMaHT Mpy NpsKo NpoTMYallM B €OHOKOMMOHEHTHa cucTteMa (OMpekTHo,T.e. 0e3
yyacTue Ha apyru BellecTsa) ha3oBo npespbllaHe. CBOOOOHUS BbIIepod Moxe Aa 6bae BbB BUA Ha
rpacut, caxau, knactepu oT BbrnepogHu atomu. daszoBute npexoam npotudat npu ycnoeus (P,T)
CbOTBETCTBALUUN HA TEpMOANHAMNYHATa YCTOMYMBOCT Ha AnaMaHTa unm TedHus sbrnepo P no 60 GPa
nT=(2-5).103 K - cbur.1. Toea ca cazoeu npexoau ot | poa.
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dur. 1. dasosa aAvarpama Ha Bbriepoaa

1 - NUHMSA Ha paBHOBECUETO rpaduT - AMAMAHT;
2 - NNHNA Ha TONeHe Ha rpaduTa;
3 - NMHUA Ha ToMeHe Ha AuamaHTa.

Mo mexaHn3ma Ha pacTex Ha HoBaTa (ha3a pa3oBUTE NPEXOAM Ce KnacudpuumpaT Ha:

1. Andpy3noHHW, HapedeHn oule "HopmarnHun", CbnpoBOAEHM OT MPOLLECUM Ha MpPemMecTBaHe Ha
aTOMM Ha 3HAYUTENHN Pa3CTOSIHUSI.

2. ba3gudy3noHHM (MapTEH3UTHM), OCbLUECTBSABALLM Ce Ype3 3aKOHOMEPHO NMpecTposiBaHe Ha
peweTkata, Npu KOeTO atoOMuUTe He CU CMeHAT MmecTata (eawH Ao Apyr), a KoonmepaTuMBHO ce
npemMecTBaT Ha pa3CToSHUSA, HEMpeBMLLaBaLLy Mexay atomuTe. Te ce xapaktepuanpaT owe ¢ ronsama
CKOPOCT Ha 3apaxaaHe u pacTex, MOBbPXHOCTEH pened u Ap.

Mpun BMCOKM HansaraHus 4Ypes npekn ®U cnoBecHWUTe CTPYKTYpU Ce NpeBpbLLaT B TETPAeApUYHM.
Mpu ToBa ce cunTa, Ye npu HUCKN T, ce obpasyBa XekcoreHaneH AMamaHT (NIOHCAENNUT), a NPY BUCOKM
T-kybnyeH puamaHT. Psska TemnepaTypHa rpaHuua HsiMa-yecto ce obpasyBar KybuyeH wu
XekcaroHarneH. [py BMCOKM HansaraHusi TepMOAMHAMWMYECKM CTabwurnHuM CTPYKTypu ca Kybuyeckms
AVaMaHT, XeKkcaroHanHusi AMamaHT HaMa obractu Ha TepMoaMHammuyecka CTabunHOCT Ha ha3oBuTe
anarpamu [4, 5].

MapTeH3uTHMS MexaHM3bMm Ha a3oB MNpexod Ha BbrNepoda € XapaKTepeH 3a HUCKM
TemnepaTypu Mpu ygapHO CBMBaHe, a pe KOHCTPYKTMBHUAT- 3a MpPeBpbLlUaHUA Npu  BUCOKM
TemnepaTypu. Paska rpaHuua Mexay ycnosusTa 3a NnposiBABaHe Ha TO3M Unu Apyrns MeXaHU3bM Hama:
MapTEH3UTHUSA MEXaHW3bM 3aedHO C PEKOHCTPYKTMBHWSI MOXE [a Ce OCbLIECTBSIBA MPU BUCOKU
TemnepaTypu, ako naxogHaTa CTPyKTypa € A0CTaTbyHO CbBBbPLUEHa M 06PaTHOTO, PEKOHCTPYKTMBHUTE
npoLecun ca Bb3MOXHW B TUMUYHUTE YCIOBUS HA NPOsiBa HA MapTEH3MTHUS MEXaHM3bM, ako U3xogHaTa
dasa Mma CUIHO JuchepcHa CTpyKTypa. Tbil KaTo MapTEH3UTHUTE NPeBpPbLUaHMA cTaBaT 4pe3
KOOMepaTUBHO MNpeycTposiBaHE Ha W3XogHaTa pelleTka, TO XapakTepeH Mpu3HaKk 3a Hero e
3aKOHOMepHaTa OPUEHTUPOBKa Ha M3xogHaTa u obpasyBallarta ce dasa. [NpyHuunHaTa Bb3MOXHOCT
3a KOMEKTMBHO NpeycTposiBaHe Ha pelueTKMTe ce Moryyasa OT pasrnexgaHeTo Ha reomeTpusTa Ha
usxogHuTe n obpasyBalumTe ce CTPYKTypu. 3a MapTeH3MTHO obpasdyBaHe Ha TeTpaedpudHa dasu e
HeobX0AMMO CBMBaHE Ha CrioecTtuTe CTPykTypu no octa C, pasuenBaHe Ha MMOCKUTE Crioese 4pes
rodopupaHe unu HagnbXHO orbBaHe. PasuenBaHeTo Ha rpadutonogobHuTe crnoeBe cTaBa 4pes
3aKOHOMEPHM, B3aUMHO CBbp3aHW MPEeMECTBaHWS Ha aTtoOMuTe OT paBHMHATa Ha Crnosi nNo AeeTe
HanpaBneHusi Ha ocTta C.

Mpu yoapHOTO cBMBaHe rpacoMTbT MOXE [a ce NPeBbPHE He camo B KyOM4YeH AnamaHT, HO U B
XeKcaroHarneH (NMOHCAEWNMUT), HO MPU BCUYKM Criydan WU3XOOHMAT rpadut TpsbBa ga npuTtexasa
CbBbpLUEHA KpUCTanHa CTPYKTypa, Tbil KaTo MPeBPbLLAHETO Ce OCbLUECTBABA Ype3 KoornepaTUBHO
npeycTposiBaHe Ha u3xogHata peweTka. CbleCcTBEHa porisi B KMHETHKaTa Ha ha3oBUTE NpeBPbLLAHNUS
umaT BUCOKUTE HaMpeXeHUs Ha Npenib3BaHe, yCKopsiBalLy npoLeca Ha NpeBpbLiaHeTo, a NoHAKora
BOAELLM M OO0 NOHWXKaBaHe Ha HEOOXOAMMOTO HansraHe.

Ob6pasyBaHe Ha MeTacTabunHa dasa NoHCOeNnUT, Mpu TemnepaTypu 1 BpeMeHa HegoCTaTbyHM
3a VHTEH3MBHOTO NPOTMYaHe Ha AN Y3MOHHMTE NpoLecu, ce AbIMKN Ha KpucTanorpadckn ocobeHocTn
Ha MapTEeH3UTHOTO NPeycTpOosiBaHe Ha u3xogHaTa crnoecrta CTpPyKTypa Ha rpaduta nog Bb3gencTemeTo
Ha BUCOKMTE HamnsraHus.

OGpasyBaHeTO Ha xekcaroHanHaTa TeTpaegpudHa Basa,T.e. NOHCAEWNUT M3WNCKBa MO-Mariku
€eHepreTM4YHN pasxoam, OTKONKOTO 0bpa3yBaHeETO Ha KybuyeckaTta gasa- AuamMaHT.

Moa Bb3OEeNCcTBUME Ha BUCOKWTE HansraHus BPb3KWTE B CrioeBeTe Ha rpadwuta morat ga ce
aedopmmpaT He caMO Ypes3 YWUCTO CBMBAHE, HO W 4Ype3 Mpunib3BaHe, T.e. Ype3 NpuaBMXKBaAHE Ha
aToMuTe B HarnpasfeHus, NepneHauMKynspHU Ha paBHUHATa Ha Cnos, OOBEXAaWku OO HEroBoTo
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pasuenBaHe. Bb3amoxHu ca ABa BMAaa AedopmMaLMa Ha oTMecTBaHe-upes "roppupaHe” n "HagnbXKHO
orbBaHe" Ha cnoeseTe. AKO HOMepupame aTOMUTE B XeKCaroHanHus NPbCTEH Ha rpaduyHUs crnow ot
1 oo 6, To gechopmaumaTa Mmoxe ga ce npeacTtaBy MO CrEAHNSA HAYMH.

Mpn HapgnbxHOTO orbBaHe atomute 1 M 4 B emHa cTpaHa, a atomute 2, 3, 5, 6-B
NPOTMBOMOMOXHA, KaTO XeKcaroHanHnTe NpbCTEHU ce aedopmMupaT HeeQHOPOAHO: pa3cTosHuaTa 1-4
He ce MPOMeHAT, a pascTtosHusaTa 6-2 n 5-3 ce ckbceagart. Npu roprpaHeTo B NPOTMBOMOMOXKHN
HanpaBneHusl ce NPeMecTBaT YEeTHUTE U HEeYEeTHUTE aToOMMU Ha BbrNepoda, kato gedopMauudTra Ha
nNpbCTEHa € eAHaKkBa BbB BCMYKN HanpaBrieHus.

HedopmaumaTa Ha oTMecTBaHe, Bodella 40 pa3uenBaHeTo Ha MIOCKUTE CroeBe Ha rpaduTa, e
HeoOX0AMM eneMeHT Ha KoonepaTUBHOTO NPECTPOSIBAHE Ha CIOECTUTE CTPYKTYpY B TETPaeapuUYHM Npu
MapTEH3UTHUTE NPeBpbLUaHNs. Ta3n gedopmaums, KakTo criegsa OT reOMETPUYHOTO pasrnexgaHe Ha
nsxogHute n obpasyeawute ce pasm, e okono 10 %, a gedopmaumaTa Ha CBMBAHeE Ha CrnoecTute
CTPYKTYpPMY NO HanpaBrieHNEeTo Ha XekcaroHanHaTa oc e okono 40 %.

OpuveHTaunoHHNTE CBLOTHOLLEHUHA, KOUTO ca HabniogasaHu nNpu M3y4yaBaHETO Ha MNpekuTe
¢as3oBM npexoaM BbB Bbrnepoda, No3BonsiBat Aa ce onpedenu BuabT Ha AedopmauusaTta Ha
OTMECTBaHe, KOATO Ce OCbLLEeCTBSABA B Npoueca Ha MapTeH3NTHOTO npeBpbllaHe. OT ToBa ce BWXaa
ce BMXAa, Ye MpuM MexaHu3bM Ha rodpupaHe, nnockMTe CnoeeBe Ha rpaduTa ce pasuensaTt Ha ABa
NMOACNOS, CbObPXallM YEeTHW WM HEYETHUTE aToMu W npeactaBnssawim pasHuHute (001) npwm
obpa3syBaHeTOo Ha xekcaroHanHaTa TeTpaegpuyHa cTpykTypa unu pasHuHute (111) npu obpasysaHe Ha
KybunyHa cTpykTypa. Tean paBHUHM TpsiOBa ga ca ycnopeaHu Ha crnoeseTe Ha rpadumTa (001).

Mpu obpasyBaHeTo Ha KybuyeH anamaHT OT rpaduTa Mo MapTEH3UTHUA MEXaHU3bM Ha rodpupaHe
Tpsbea foa ce HabnogaBaT criegHUTE OPUEHTALMOHHUN CbOTHOLLEHWS:

(111)a | | (001):
(111)4 | | (0001)
(110)4 | | (1120):

Mpy oGpasyBaHe Ha xeKkcaroHanHa TeTpaedpuyHa CTPyKTypa Mo MexaHusma Ha rodpupaHe,
TpsibBa ga ce HabnoaaBaT OpUEeHTALMOHHUTE CbOTHOLLEHUS:

(001)4 | | (001):
(0001)a | | (0001):
(1120)a | | (1120):

MMpu ocblyecTBABaHE Ha MapTeH3WTEH npexod Ha rpadmTta ¢ nomowTa Ha gedopmauusTa
HagMbXHO OrbBaHe, U3XOOHUTE CrNoOeBe ce pasuenBaT Taka, ye atomute 1, 2—-6, 3-5 n 4 nexar B
ycnopeaHu (napanenHun) paBHUHW Ha xekcaroHanHaTa cumeTtpus (111) - 3a KyGUYHU CTPYKTYpPU Mnu
(001) - 3a xekcaroHanHu CTPYKTYpM, NpUHagnexalum Ha TeTpaegpudHaTta pelleTtka Ha obpasyBawata
ce (pasa. Te3un paBHVHM TpsibBa Aa ca nepneHauKynsapHU Ha crioeBeTe Ha rpadwmTta (001). BaaumHo
nepneHAvKynspHM TpsibBa Aa ca u XekcaroHanHuTe OCY Ha MapTeH3uTHaTa u nsxoasiiarta dgasa.

lMpn o6pa3yBaHeTO Ha KybOuyeH [OmamMaHT B TO3M chnyyaw TpsabBa pda ca Hanuue
OpWEHTALMOHHUTE:

(111)a | | (100)r
(112)a | | (0001)r
(110)a | | (1120):

Mpu obpasyBaHETO Ha NOHCOAEWNNT:

(001)x | | (100)r
(1010)n | | (0001),
(0001)n | | (0001);

3a ocbluecTBABaHe Ha KoonepaTMBHOTO NpeycTposiBaHe Ha M3xodHaTa pelleTka Ha rpaduTa B
TeTpaegpuyHa gasa upes pasriieqaHuTe no-rope Aeopmanmm Ha oTMecTBaHe, T.e. 3a o6pasyBaHeTo
B Tean pa3n Ha 3aKOHOMEPHO pedyBaliy Cce NIbTHO ONakoBaHW PaBHWHU, B HAKOW crydan e
HeobxoaAVMO nNpefBapuTenHo obpasyBaHe Ha MEXAWHHM CIIOEeCTU  CTPYKTypu. MeXauHHuTe
npeobpa3yBaHNs Ha U3XOOHWTE PELUETKU MOXe Ja Ce OKaxe peluaeall dhakTop, onpeaensy Buga Ha
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Aedopmaumata Ha nNnpeMecTBaHe, npupogarta Ha obpasysalwata ce dasa U camata Bb3MOXHOCT 3a
MapTEeH3UTHO NpeycTposiBaHE NPU eaHN UNn ApYru YCroBus.

Mo-Hapony ca nokaszaHu KOHKPETHWU NPUMEPU Ha MapTEH3UTHOTO NpeBpbLLUAaHe BbB Bbriepoaa.

MpeBpbLUaHeTo rpauT- guamaHT.

Bb3moxHOCTTa 3a NpeyCTPOMCTBO Ha peLleTkaTa Ha rpacumTa Ypes npemecTBaHus (B CnoeseTe)
B KyOMYEeH AMaMaHT e nokasaHa 3a npbB NbT oT nenan JloHcaoenn [6]. NpeanoxeHnaT MexaHusbm
pasrnexga CBMBaHe Ha pelleTkaTa Ha rpadumTa noa AevicTBMEe Ha BUCOKMTE HansraHus u obpasyBaHe
Ha MexaumHHa pomboedpuyHa CTPykTypa C pegyBaHe Ha cnoesete ABC. ABC..., Tasu TpucnonHa
CTPYKTypa Npu AOCTaTbyHO cONmkaBaHe Ha crioeBeTe NpeTbpnaBa rogpupaHe, B pe3ynrtar Ha KOeTo
ce obpasyBa TpuCroONHa (B XEKCOreHarHu Ocu) CpyKTypa Ha KybudHus guamaHT C pefyBaHe Ha
CABOEHMWTE CroeBe aa, BB, CC, aa ... B nonsa Ha T03n MexaHu3bM roBOpST CrieaHUTE eKCrepuMEHTanHu
dakTu:

1. lMNon QencTBMETO Ha YUCTO MEXaHW4YHU Bb3AENCTBUS XeKcaroHanHusi rpaduT 4acTU4HO ce
npeBpbLla B poMboeapuyeH.

2. MNpeBpblLlaHeTo Ha rpacuTa B guamMaHT € MOo-NeCHO Npu Hanuuve Ha pomboeauHudHaTa
MoauduKaums B usxogHaTa CTpyKTypa.

3. 3admkcnpaHo e obpasyBaHeTo Ha pomboeapuyHaTa MoaudumkaLmsa OT XxekcaroHanHaTa npu
ycnosus 6nv3ky 4o ycnosusta Ha AVPEKTHUA npexon Ha rpadumTta B KybudeH guamaHT. BaxHa pons B
TO3K MpoLec Ha NpeBpbLlUaHe Ha rpadmuTa No ONMCaHUs MEXaHU3bM, MO BCSAKA BEPOATHOCT Lie umaTt
NoNUTUNHUTE AedEKTM HA NoApeXaaHEeTO, KOUTO NPeACcTaBnaBaT ThbHKM 0bnacTn ot pomboeapnyHaTa
CTpyKTypa u ca 6naronpuvaTHM MecTa 3a 3apaxgaHeTo Ha guamaHTa Cc KybuyHa cTpykTypa.
CnepoBatenHo asoBOTO MpeBpbLUaHe Ha rpaduT-AMaMaHT MNpyU CBMBAHE Ha BMCOKOKPWUCTamHM
copToBe OT rpaduT ce nNpeawecTsa oT nNpouecu Ha obpasyBaHe Ha AedEKTU Ha NOAPEXAAHETO.

MpeBpbLUaHeTO rpauT-noHCaENNNT.

Hai-BeposTHaTta cxema Ha npeobOpa3yBaHETO Ha W3XO4HATa pelleTka ce OCHOBaBa Ha
aecdopmaumsTa Ha nnockute rpacdmMTonogobHU crioeBe NOCPEACTBOM TAXHOTO "HaaTbXXHO orbBaHe".
3a npeBpbLUAHETO Ha rpachmTa B XeKkcaroHaneH AnaMaHT C NMoMoLliTa Ha TakbB BuA gedopmaums e
HeobxooMMo obpa3dyBaHeTO Ha MeXAuHHa rpadmutTonofobHa CTpyKTypa ¢ peayBaHe Ha crioeseTe AB
AB AB... upe3 npemecTBaHe Ha cnoeBeTe B B nonoxeHneto B Ha ctomHocT 1/6 (0110). Taka ypes
HagMbXXHO OrbBaHe, CBMBaHe Ha rpadmronogobHaTa peweTtka no octa "C" ce obpasyBa CTpykTypaTa
Ha XeKcaroHasnHusi AMamaHT.

B npoueca Ha npskoTo npeBpbliaHe Ha rpadvT- uamMaHT NPecTposiBaHETO Ha mM3xogHaTta
pelleTka KakTo ca nokasanu CTPYKTYpHUTE M3CrnedBaHus ce oCbluecTBsBa Ype3 obpasyBaHeTo Ha
NOHCOENNUT KaTo MeXaWHHa CcTpykTypa. [MbpBuMa eTan B peda Ha npeBpblUiaHusTa rpadut-
NOHCOAENNUT- OUaMaHT BMHArM ce OCbLUEeCTBSABA MO MapPTEH3UTHWS MeXaHW3bM, OnucaH norope, 3a
KOeTO CBMAETENCTBAT CrneaHnTe ekcnepyMeHTanHo yCTaHOBEHN 3aKOHOMEPHOCTMU:

1. MNMpeBpbLaHeTo rpaduT- NIOHCAENNUT NPOTMYA C ronsiMa CKOpPOCT.

2. MNMpeBpbllaHusaTa NpoTMyaT nNpyu TemnepaTypu, U3KMIOYBALLM OCBLUECTBABAHETO Ha Audy-
3MOHHM Npouecu.

3. B noHcaennuT ce npeBpbLLaT CamMO BUCOKOKPUCTanNHUTE B1uaoBse rpadur.

4. IloHcaennuTbLT NpUTEXaBa BUCOKOAEedEKTHA KpUCTanHa CTpykTypa.

5. N3xogHuTe 1 obpasyBawute ce asu BUHarn ca CTporo B3aMMHO OPUEHTMPaHKW, eaHa CrpsimMo
Apyra.

6. Kpuctanute Ha noHcaennuta umaTt MNOBbPXHOCTEH pened), KOEeTO € HaWl-xapaKTepHWUsT
Npu3HaK Ha peanHarta CTpyKTypa Ha MapTeH3uTHUTe dasw.

AOndy3noHHUSA MexaHM3bM Ha ba30B NPEXo[ Ce CbCTOM OT NpoLecH Ha 3apoauvobpasyBaHe U
pacTex.

3akno4veHune

CBoboaHusa BbIMepoa npu geToHaumsi Ha BB ce npeBpblya B AnamaHTeHa hasa, KoATo € BbB
BUO Ha ApebHO3bpHECTM 4YacTuuM (QuamaHTeHu knactepu) - dur. 2. 3acera MexaHU3MbT Ha
dopMUpaHETO MM € BCe Ollle NpobnemMaTuyeH, BbNpekn Ye nma pasfmyHn XUnotesm u BMKaaHus no
Bbnpoca. YCTaHOBEHO e, Ye CUHTEe3a Ha ynTpagucrnepcHUTe AuaMaHTeHU YacTuuM ce U3BbpLuBa B
XUMMYeckaTa 30Ha Ha cTauMoHapHaTa AeTOHaUMOHHA BbilHa.
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dur. 2. CEM, mapkep - 1 ym

[le3anHTerpupaHeTo Ha rpo3goBUAHMTE CTPYKTYPU OT arpervpaHy AMamMaHTEHU 4YacTuumn ce
OCblLecTBsIBa MO ABa MeToAa: XMMUYeCKM u omanyeckn, ¢ nocneasaila obpabotka ¢ ynTpassyk.
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Knroyosu ayMU.' [Mbp8UYHU U 8MOpPUYHU U3MOYHUUU 3a 3axpaHeaHe, MpoeKkmupaHe Ha Ko4oeu
U3SMOYHUUU 3a 3axpaHeaHe, eeKmueHOCM Ha eflekmpo3saxpaHeawiume U3moYHUUU, erlekmpo3axpaHeawu
cucmemu.

Pestome: pedcmageHu ca HOBU KOMITOHEHMU Ha CUiio8ama efleKmpoHUKa, MepcreKmueHU CXeMHU U
CMPYKMYypHU — peweHusi Ha 3axpaHeawu cucmemu. OfucCaHo e MPUNOKEHUEMO Ha CbBPEeMEHHU
8UCOKOMPOU380OUMEIHU MPaH3uCMopu U 4urose 3a curoea enekmpoHuka. O6CbxOam ce efeKmpuyecku
6amepuu, UHCMpyMeHmMu U Memodu 3a HamassieaHe Ha meeanomo u rnodobpsisaHe Ha egheKkmusHocmma Ha
eHepauliHUMme cucmeMu ¢ aePOKOCMUYECKU MPUITOKEHUS.

NEW POWER ELECTRONICS TECHNOLOGIES
WITH AEROSPACE APPLICATION

Pavlin Gramatikov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: pgramatikov@space.bas.bg

Keywords: Primary and secondary power supplies, switching power supply design, power supplies
efficiency, power systems.

Abstract: New components of the power electronics, perspective schematic and structural solutions of
power supply systems are presented. The application of modern high-performance transistors and chips for power
electronics is described. Electric batteries, tools and methods for reducing weight and improving the efficiency of
power systems with aerospace applications are discussed.

BbBeneHue

CunosaTta eneKkTpoHUKa ce U3nomnssa 3a NpoMsAHa Ha napameTpuTe Ha HanpexXeHWeTo U Toka
Ha eneKkTpMYecTBOTO. T4 BCe NO-MacoBO Ce npunara B: KOHTPONEPUTE Ha enekTpuyeckuTe aBuraTenu,
WHBEPTOPUTE Ha EeNEKTPUYECKUTE aBTOMOOMIM; KIMMMaTUYHU CUCTEMU; CbPBLPUTE 3@ UHTEPHET U
apyrn. TonkoBa MacoBO € MPUIOXEHNE Ha CUIoBaTa enekTpoHuKka, Ye nogobpsiBaHeTo Ha HelHata
edekTMBHOCT Moxe fa cnecty 900 munuapaa gonapa npes 2025 r. [1].

3aToBa BCe No-akTyanHo cTaBa pa3paboTBaHETO M NPUMOXKEHNETO HA HOBU BUCOKOE(EKTUBHU
€IeKTPOHHM TPaH3MCTOPU M YMMNOBE 3a CUoBaTa enekTpoHuka. NepcnekTneHN B TOBa HanpasneHve ca
GaN npogyktute. MogepHute GaN TpaH3UCTOpM M CXeMU Beve ce npousBexaaT B obpe no3HatuTe
nvHuK 3a cunuuunesu npnbopu. LieHaTa e cbliaTa, Ho napameTpuTe Ha GaN ycTpowncTBaTta e ¢ Nopsiabk
no-gobpa. C TAXHOTO MpunoxeHue: HamansiBa obema Ha eHeprmmHuTe enekTpoHHu cuctemu go 10
NbTWU; cnagaT TONNUHHWUTE 3aryou ao 50 % u ce usrpaxga HOBO MOKOSIEHUE Ha CUMOBU ENEKTPOHHU
CHCTEMMU C rofnisima MKOHOMMS! Ha eHepruaTa. B noBeyeTo cuctemu TpaH3McTopuTe KaTo ousmka Tpsibea
Aa 6bgat no nogpasbupaHe ,M3knodeHn” 3a ga ce nsberHe Kbco cbegmHeHme. Ho GaN TpaHaucTopute
0BUKHOBEHO ca ,HOPMarHo BKITFOYEHWU" - BUHArn no3BosisiBaT NpoTUYaHETO Ha TOK [1].

lMepcnekTuBeH 3a NpUNoXeHne B KOCMUYECKN YCNOBUS € NMUTUN-TUTaHaTHUA akymynatop (LTO)
C aHop, npousBeeH ot nutues TutaHat (LisTisO12), ¢ yBenuyeHa nnow, go 100 m?/g, a gocerawHuTe
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aHoawu oT Bbrnepog umat camo 3 m?/g. To3n aHog rapaHTupa BMCOKa MITbLTHOCT Ha ToKa Npu 3apsig u
paspsiai, a BpeMeTo Ha 3apsa 3HauMTernHo ce cbkpallasa. [pe3 2017 roguHa LTO akymynatopuTe umat
NNBTHOCT Ha eHepruaTa Ao 177 Wh/l n 6e3 3arybu Ha kadecTBaTa paboTsaT npu HUCKa Temnepartypa ao
—30 °C, a knacuyeckute nutui-noHHn 6atepum (LIB) owe npu -5 °C cHuxaBaT cBouTe nokasarenu Ha
20 %. Hepoctatbk Ha LiaTisO12-akymynaTtopute € HUCKOTO HanpexeHue — 2,4 V (LIB nmat paboTtHo
HanpexeHue 3,7 V). CbOTBETHO nparoBeTe Ha 3apsg U paspsg ca 2,8—-1,8 V u cneundmyHa eHeprust
Ha LTO e 30-110 Wh/kg, no-Hucka ot Tasu Ha LIB [3].

Hanpumep ,Toshiba“ npoussexga LTO akymynatopu ¢ umeto ,Super Charge lon Battery”
(SCiB) cbe cnegHute napameTpu: 6bp3 3apsag 8o 90 % oT kanauuTeTa 3a 6 min; cpok Ha paboTa go 25
roguHun; 6pon Ha uumknute 3apsg/paspsg = 25 000; cneumduvHa eHepruss 60-100 Wh/kg.
MpegumcTtBaTa Ha SCIiB ca cnegHUTE: HUCHK PUCK OT €KCMIo3nsi; AbITbl XMBOT; 6bp30 3apexaaHe;
BMCOKa BXOAHAa Y M3X0A4Ha MOLLHOCT; ronam kanauuTeT [2]. Hanpumep akymynatopsT ,,SCiB-20 Ah“ uma
cnegHuTe NnapameTpu: HOMUHANHO HanpexeHne 2,4 V; speme Ha 3apag 0—-80 % 3a 6 min; maca 515 g
n pasmepn W116 x D22 x H106 mm [2]. MNMpunoxeHuaTta Ha SCiB ca: npon3BoacTBO Ha eHeprus ot
doToBONTaAMLM; APOHOBE; eneKkTpoaBTomMobunu; poboTn; HenpekbCBaeMu eneKkTpo3axpaHBaHWS;
enekTpuyecku senocuneam n ap. Ot dur. 1 ce otuuta, Ye cnea 20 000 umkbna Ha 3apag u paspsg ¢
3C npun 25 °C kanauuteTbT Ha akymynartopa ,SCiB-20 Ah“ ce 3ana3Ba Ha 75 %, a Ha dur. 2 ce Buxaa
HEeroBo HamansiBaHe cbC 7 % Npu HEMPAaBUITHO CbXpaHeHue npu 45 °C 3a 360 gHu.

Cycle characteristics (20Ah cell} oo Floating characteristics{20Ah cell)
110 I
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dur. 1. CnagaHe Ha kanauuTteTta Ha ,SCiB-20 Ah“ dur. 2. CnagaHe Ha kanauuteTta Ha ,SCiB-20 Ah“
cnopep 6post Ha UMKNWTE C TOK Ha 3apsig cnopef TemnepaTypata 1 OHU Ha CbXxpaHeHue [2]

n paspsag 3C [2]

Tabn. 1. NapameTpu Ha NUTUEBO-NOHHN aKyMyrnaTopu C KOCMUYECKO NpUNoXeHne Ha pupma ,Saft” [6]
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MepcnektmBHO e npunoxeHneto Ha LisTisO12 3a aHogeH wmatepuan Ha XxubpuaHu
cynepkoHgeHsatopu [3]. MNMpu 3apsag B eanH LTO akymynatop aHogwT LisTisO12 npuema Tpu noHa Li+
Ha egHa hopmynHa eguHuua. lNMpu (pasoB npexon ce Bb3CTaHOBABAT Tpu atomMa Ti4+ OT neT, KoeTo
AaBa TeopeTuyecku cneumdmyeH kanauuteT 175 mAh/g Ha LTO. Ha npaktuka ce gocturat 175 mAh/g
cneg 100 gbnGokM paspagHn umkbna [4].

Kutanckn npoussoguten Ha LTO akymynatopm e ,EVLITHIUM LIMITED", npegnaraw
umnuHapuyHm 6atepumn: kanauntet 30 Ah, 35 Ah, 40 Ah n 55 Ah; HanpexeHue 2,7 V; 30 000 uukbna;
Obp3 1 cTaHgapTeH 3apsg 3a 0,2 h 1 0,5 h. BbTpeluHoTo cbnpoTmereHue e okono 1 mQ [8].
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MapTtHeop Ha ®KA ,Pockocmoc” ca gea npoussogutens Ha LTO u LIB ¢ kocmuuyecko
NPUNOXeHNe: PYCKOTO KOHCTpykTopcko 6Gtopo ,AKB-Energy“ [5] u cpeHckata cupma ,Saft” [6],
npegnaraiwia npmamatuyHn MP v unnuHgpuynmn V0L akymynaTtopHu nutueBo-noHHu 6atepun (Tabn. 1)
pasnonarawy cbc cregHute yHKUMM 3a 6e30nacHOCT: enekTpoHHa 3aluTHa Bepura; Brpaged
npekbCcBay Npu noBpefa Ha 3apsagHOTO YCTPOWCTBO; MpednaseH KnanaH M U3KM4YBall, cenapartop.
BepcusaTta VL uma: pabotHa Temnepatypa go 100 °C; npogbrkuteneH paspsg ¢ 2 C n umnynceH
paspsa go 4 C [6]. TexHuyeckuTe cneumdmkaumm ca: HOMUHANHO HanpexeHue 3,6 V-3,75 V;
eHeprunHa nbTHoCT o 385 Wh/l n 180 Wh/kg; ananasoH no mowHoct go 1 kW/kg [6].

CHCTEMS AKE Cenaparop
Amon nLTO LiMO Karon
Me \ /Al
KaNWyecTRO UAKNE NRH W3 50 % (G370 MKOTTR JRXYMYNATOR3) ®ur. 3. CtpykTypa Ha ,n LiTiO* [5].
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®ur. 4. CtpykTypa Ha Li-ion [5].
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®ur. 6. MapameTpun Ha onoBHwu, Li-ion n ,n LiTiO* akymynatopu [5] ®ur. 7. CpaBHeHUe Ha akymynatopw [5]

KapboH-TutaHaTHuaT akymynatop (CTB) e HoBo nokoneHune LTO. 3a aHoa B CTB ce n3nonsea
nopect Bbriepoa ¢ 20 nbTM no-ronamMa nnowy, cnpsamo rpadumra. MNMpu CTB (cnpamo LTO) pecypcwT e
cHmwkeH — 12 000 uukbna (unm 15 roguHn), Ho CTB 3anasea goctomHcTBaTa Ha LIB (Ham-Bucoka
NIBTHOCT Ha EHEpPruaTa, HACKO Terno u rabaputwn) [7]. PabotHmuaT guanasoH Ha CTB e 2,5-4,2 V, kato
Ha LIB. MNMpuwmep 3a CTB e ,CrTi3721-3,7 V 21 Ah* Ha dupma ,GreenTECH®, USA. BpemeTo 3a nbneH
3apsg e 30 min. ETo u gpyrv napameTpu: paspsaeH Tok 126 A; 3apsageH Tok 42 A npu 0—60 °C; paboTHu
Temnepatypu ot —20 °C go +60 °C; BbTpeluHo cbnpoTtuBneHune 1-1.5 mQ (npu AC 1000 Hz); rabaputu
210 x 128 x 7 mm w Tterno 353 g [7].

B obnactTa Ha cBpbXxBUCOKOYECTOTHaTa TexHuka (CBY) cBeToBHM NponsBognTenu npegnarat
GaN TpaHaucTopu B YectoTeH gnanasoH C (4-8 GHz) ¢ mowHocT 80 W B HenpekbcHaT pexum [12]. Ha
(dwur. 9) no yectoTa U MOLIHOCT Ca CpaBHEHW pasnuMyHKU nonynposogHuum 3a CBY. Ha owur. 8 ca
CpaBHEHM NONyNpPOBOAHMLM MO CbNPOTUBMEHUE B OTMYLLEHO CbCTOSAHNE (Ron) M NPOBMBHO HanpexeHne
B Knto4oB pexum. Buwxga ce ot dur. 8 n dur. 9, ye GaN npmnbopuTte ca nNepcnekTuBHM B cunoparta
enekTpoHuka. PasHoBugHocTTa Ha GaN TpaH3ucTopu ocHoBaHu Ha AlGaN/GaN xeTtepocTpykTypa nmat
BMCOKa MOOBWXKHOCT Ha enektpoHute (HEMT) u pobpu napametpu. B GaN HEMT ce msnonsea
nBymepeH ras (2DEG) umaly BUCOKa NITbTHOCT. TOW Ce Hamupa B rPaHNYHUSA CIIOM MeXay 30HuTe C
AlGaN n GaN, nog Bb3AeNCTBUMETO Ha eCTeCTBEHUA eeKT Ha Nonsapu3aumst U NUe3oeneKTPUYHUSA
edekT. Npn GaN HEMT Ha nopsabk e no-HUCKO Ron, KOETO NO3BOMNSABa HaMarnsiBaHe Ha cUCTeMUTE 3a
oxnaxpaaHe Ha TpaHaucTtopa u no-eucok KMA. B CBY guanasoHa oo 20 GHz GaN HEMT pabotar
ycnewwHo B knac AB. Hanpumep GaN HEMT NC41628S-910P150 npu nsxogHa motuHoct 150 W n npu
20 GHz uma KI = 43 %. A TpaHauctop CGHV59350 nma naxogHa mouwHoct 400 W npu 5,9 GHz u
Krng = 60 %. M3non3sa ce B AONNEPOBCKMTE METEOpPONornvyeckn paguonokatopu. KomnaHuute
International Rectifier (IR) n Efficient Power Conversion (EPC) peanusnpat npoektute GaNpowlIR un
eGaN, cvoTBeTHO [12].

121



Mma xapaktepuctukum Ha GaN FET, kouto ca gobpu 3a uv3non3saHe B 3axpaHBaluTe
YCTPOWMCTBA Ha CMbTHULW: MPUCHLLA UM € pafMalMOoHHA TONEPaHTHOCT; ManbK pa3mep Ha KpucTana;
nMnca Ha napasuteH p-n auoa u 6bp30 NpeBKnYBaHe; yBenuyeHa eeKTUBHOCT U NOo-Manbk 0oLy
pa3vep. 3a pasnuka ot cunuumesute MOSFETs, GaN FET Hsamart cnom okcug v 3aToBa rama
pagvauusita He obpasyBa kanaHu (gynku) [13]. GaN FET cbwo ce cnpaBaT godpe npu TecTBaHe C
edeKkTn Ha eanHN4HKn cvbuTtusa (SEE). Ha opbuTa, KOMNOHEHTUTE Ha CMbTHULMTE TpsbBa ga paboTtaT
npu: NPOABLINKUTENHO M3naraHe Ha Hucka po3a (LDR), obwa noHmsmpawa pgosa (TID) n npwu
B3aMMOAENCTBUSA C MOHM3UPaHN YacTuum (Texkn nonn). osata TID ce genu Ha Hucka (LDR TID)
¢ <10 mrad(Si)/s n Bucoka (HDR TID) ¢ 50-300 rad(Si)/s. 3a nHTerpanHata cxema (rentoB gpavBep)
ISL70040SEH npw n3nutaHus ot 86 MeV * cm?/mg, nunceat e HOKpaTHW NPEXoaHn CbOMTUS, 3anncaHm
npu cTaTU4EH BXOA U AMHaMUYeH Bxof ¢ yectoTta oT 500 kHz, kbaeTo cbbutnsita ce onpeaensrt kato
1 20 ns cMyLLeHWe B LUMpOYMHATa Ha MMMYIca, 3all0To KpUCTanbT My MMa UMa MHOMO Marko HanpeyHo
ceveHne < 1,7x10 -6 cm? [13]. Ha ®ur. 10 u ®ur. 11 ca pgageHu pesyntatuTe OT TecTa Ha uvn
ISL70040SEH npu Bb3gencteue ¢ go3un Ha obnwysaHe Tun LDR TID n HDR TID.
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®ur. 10. N3xoaHo HanpexeHne Ha umn ISL70040SEH ®ur. 11. Tok Ha koHCyMauus Ha vmn ISL70040SEH
npv LDR TID n HDR TID Bb3geicteus [14] npv LDR TID v HDR TID Bb3genicteus [14]
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®ur. 15. 1Bynoco4yHo npeobpasyBaHe reHepaTop- dur. 16. [1Bynoco4Ho npeobpasyBaHe reHepaTop-
akymynartop peanuaunpaH ¢ asynocoyveH PFC [10] akymynatop-coToBonTauk ¢ AsynocoyeH PFC [10]

Ha ®wur. 12 ca cpaBHeHV ABe Bpemeguarpamv Ha: ApenHOBOTO HamnpexeHue Vds; ApenHOBUS
TOK ld 1 TOKa Ha anoaa lds MpM NONyMOCTOBA CXeMa, KOATO € HaToBapeHa C MHAYKTUBHOCT U € U3MbJIHeHa
¢ MOSFET un GaN TpaHauctopu [10]. U3BoabT OT rpacdmkaTa e, 4e npu GaN TpaH3ncTtopuTte nunceat
AVHaMU4HUTE 3aryou Qr npucblum Ha obpaTHuaT amod npu MOSFET TpaHaucTtopute. lNMpakTtuyecku
GaN TpaH3MCTOpbT € ToNepaHTEH KbM MHAYKTUBEH TOBAp WM 3HAYMTENHO No-cnabo 3arpsiea cnpsmo
MOSFET. ToBa CBOWCTBO Ce M3rnos3Ba B cxemarta Ha dur. 14, kbaeTo asaTta kntodosn GaN HEMT (S1
n S2) paboTaT c BUCOka paboTHa vecTtoTa, a ABaTa knodoBu MOSFET (S3 u S4) paboTaT ¢ Hucka
MpexoBa paboTHa 4YecToTa. HOBOTO CXxeMHO pelleHue Ha gBynocoveH PFC (Pur. 14) uma peguua
npeaMMcTBa npes Knacm4eckoTo TakoBa ¢ egHonocoyeH PFC (dur. 13).

Ha owr. 17 [14] e nageH nepcnektmseH DC/DC npeobpasysaten 900 W, ¢ KN4 = 98,4 % u
paboTHa yectoTta 1 MHz, nsnwnHeH ¢ eGaN-TpaH3nctopn EPC2053 n EPC2024 no cxemaTa Ha nbneH
MOCT M CUHXpOHeH uanpasuten (dur. 18) [14] . OT obem 1 cm? ca nonyveHn 91 W npu ransaHnyHo
pasgensiHe Ha BXOAHOTO OT M3XOAHOTO HanpexeHue. Tasn GaN TexHonorns e gobpa 3a BTOPUYHU
ereKkTpo3axpaHBaHUsa C aepPOKOCMUYECKO MPUITOXKEHME.
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dur. 19. NonymocTtoa cxema ¢ GaN TpaH3ucTopu ¢ BrpageH gpaviesep [9]

an/IﬂO)KeHMH Ha CXeMHU N CTPYKTYPHU pelleHnsA Ha 3axpaHBalu cuctemum

Mpeanara ce npunoxeHue Ha Tpu mogyna, nanbnHeHn ¢ GaN HEMT ¢ gBynocoyHa cxema Ha
PFC (BTPPFC) B xnbpugHo 3axpaHBaHe Ha ApOHOBE, KaTo BbB BCska ha3a Ha MOTOp-reHepaTopa ce
u3nonssa no eanH mMoayn, a U3XoAuTe Ha MoAynuTe ca napanernHo CBbp3aHu KbM akymynaTtopHaTa
OaTepus. Vigesita e nokasaHa Ha dur. 15, KbaeTo ce peanuanpaT ABeTe PYHKLMN HA MOTOpP-reHepaTop
Ha enekTpoasuraTen ¢ poTop OT NOCTOAHHWM MarHUTU Hanpumep. B pexum ctapTep Ha agsuratens c
BbTPELLHO ropeHe (Tol He € JafeH Ha Ta3u hurypa) eHeprudara ce B3uma OT akymynaTtopa, a crief Tosa
MOTOp-reHepaTopbT 3apexaa akymynaTtopa. 3a ApaviBepHa cxema n GaN HEMT B TpuTte mogyna ce
npegnara cxemata ot dwur. 19,

3a HasemMHM poTOBOMATAULM, WM  AEePOKOCMMYECKU  €eneKTpo3axpaHBaliyu CUCTEMM
nepcrnekTuBHa e n cxemarta ot dur. 16, Npu KOATO: Mpexarta (MM MOTOp-reHepaTopbT) AaBa WU
nonyyaesa eHeprus; oTOBOMTAUKBT AaBa €Heprua U akymynatopbT [JaBa UM CbXpaHsiBa eHeprus.
Tasn cxema paboTu 1M NpY YNCTO ENEKTPUYECKN MIaHepu € ronsma nnow, Ha kpunete (Bbpxy KOMTO ca
MOHTMpaHn poToBONTaMUM), a CbLUO Taka M Npu catenutn ¢ opbuTta, KOATO rM BKapsa 3a ObMrO B
CsiHKaTa Ha 3emsTa.
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Abstract: During the last few decades, remote sensing and satellite earth observation have experienced
a rather impressive escalated advancement. As a result, large amount of geospatial information that derived from
orbiting platforms became publicly available and organized databases, carrying exabytes of information, were
created. Those databases became the core of elaborated systems, that contribute to the understanding and
hierarchy of several phenomena, that dominate entire human artificial environments, thus aiming in finding
answers to complex contemporary problems. Google Earth Engine (GEE) is a relatively new addition to this set of
software platforms, that are designed to freely handle and process big geospatial data. GEE is an online web
environment, driven mostly by Java applets. The platform is producing key results, by running any relative code,
produced by any remote user.

The main objective of the present study, is to demonstrate the provided enhanced opportunities for
detecting environmental problems, using Google Earth Engine. Urban green areas particularly, hold a vital role in
the regulation for optimum environmental conditions, concerning the urban residents as well as the sustainability
of existing ecosystems within them. In the current study, recent publications concerning urban green areas were
collected and an up to date literature review has formed. The publications review provides some collective
knowledge about the trends, concerning the ongoing research, along with the use of GEE focusing in urban green
areas evolution and its constant depiction. It should be mentioned that the study was concluded by the collected
user query requests, that were gathered during the current year last month, in the GEE Group Developers board.
The origin of the users, the nature of their requests and their research aspects are forming the future shape of
GEE. Central local governments and several European Union Environmental Institutions could emphasize in
practical solutions, regarding environmental distortions and interventions, by extending the practical benefits of
platform like GEE.

1. Introduction

During the last forty years, practices of Remote Sensing (RS) have experienced continuous
developments and diversifications. Nowadays, the result of such elaborations, gave birth to
revolutionary scientific fields and new abilities of the present RS systems, which are considered as
one of the founding wheels, resulting in driving the innovation and investment into the future. Remote
Sensing is lately transformed in Earth Observation (EO), a larger pool of applications, attracting
financial interest. The ability of accessing high resolution satellite data became the essential tool for
analyzing various aspects of human interaction with land, water and vegetation (Sajjad&Kumar, 2019).
There are several types of sensors equipped by remote sensing satellites, according to their specific
targeting purposes (land types, surface elevation etc.). As a result, global scale observation and data
processing with different spatial and temporal characteristics were used, originating optimum
decisions, in order to mend complicated problems, concerning natural or human-made environments.
As with any modern technology, Remote Sensing is influenced by advances in scientific fields and the
uprising human needs concern. These advances offered capabilities, potentially able to transform any
kind of information. The specific trend, that affects Remote Sensing, results in the need for
continuously collecting Earth Observation data, with the best high spatial resolution from multiple
sensors, available via Internet, with the most affordable way. This means that huge amounts of remote
sensing data requires changes to be made, concerning the traditional ways of storing, processing and
free distribution.

The aim of this paper is to present current trends and opportunities of Remote Sensing as well
as to evaluate Google Earth Engine (GEE), as an online web environment, that transforms open
information into ready for use datasets.
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Notably, the current paper is organized into four main sections. First, a brief review of Remote Sensing
current trends is exposed. Secondly, the management of geospatial big data and the way of dealing
with them, using the GEE platform is described. A description of its basic function follows.
Subsequently, in the third part, a review of the corresponding scientific literature is presented and as
well as bibliometric analysis concerning urban green spaces with GEE. In the last part, one, could find
conclusions, extracted solely from this research paper.

2. Remote Sensing Technology: Usage and Trends

2.1 Current state of trends in Remote Sensing Technology

In the last decade big amounts of remote sensing data, fundamentally alters the existing
storage needs, analysis and the traditional ways of processing. The availability through Internet and
the simple use of them, functioned a major role in the configuration of existing trends, concerning
remote sensing industry.

Current dynamic and demanding information environments, combined with complex geospatial
data formats and big amount of related data, irrevocably lead professionals and RS experts, to create
new data models, strategies and platforms that are cost effective and time consuming. At the same
time, continuous capture and re-capture of satellite data from multiple sensors, that could be used
many times over from various expert users and not only, transform the approach of managing
geospatial big data (Koswatte & McDougall, 2018). Consequently, one of the future challenges will be
the exploitation of these data, using specialized processing methods, such as cloud-based computing
approach. Google Earth Engine is a representative example of such a platform.

Remote sensing technology is an extremely significant tool, essential for observing Earth’s

surface and mapping land cover changes, in order to manage and predict emergency cases, such as
forest fires and floods. Merging data from various satellites and sensors result in a very useful
technique, to acquire better and more accurate information.
There are four main categories of satellites according to their spatial resolution: Low resolution
sources (pixels larger than 30 meters) that are used to monitor the environment and the global
changes occurring in natural resources, by the use of satellites such as LANDSAT, MODIS, TERRA
etc. Medium resolution sources (pixels between 5 and 30 meters) that are applied for monitoring areas
or phenomena in daily basis, by the exploitation of satellites such as SPOT, Rapid Eye, IRS etc... High
resolution sources (pixels between 1 and 5 meters) that are utilized to urban studies, through satellites
such as THEQOS, Dove, Aist-2D, Resurs -P etc. Very high resolution sources (pixels under 1 meter)
that are adopted for precision agriculture applications, cadastral mapping and urban planning with
satellites, such as lkonos, QuickBird, WorldView, Kanopus — V etc..

Nowadays, the problem of consecutive land cover changes and especially of habitat changes
inside cities, shows the extreme importance of high spatial resolution satellite imagery for monitoring
them. Thus, pivotal role is owned by the unmanned aerial vehicles (UAVs). They are used for
monitoring and collecting near and real-time data, for small areas where the scale doesn’t matter, with
a more affordable way, than any other regular aerial and not only survey (Sajjad&Kumar, 2019).
However, the newest add in the remote sensing field is the airborne laser ranging (LIDAR) technology.
Airborne LIDAR is the rising geospatial tool that gives us the opportunity to generate direct 3D urban
landscape models, at the resolution of up to a few centimeters (Shan & Hussain, 2010). Not to
mention that, aerial LIDAR data quickly became an attractive mapping solution. Looking ahead and
focusing in an extend of just a few years; professionals will try to find more affordable ways to deliver
data, according to any individual researcher need. This trend will influence both professionals and
LIDAR experts, resulting them to be able to provide them with the best sensor technology, either for
low or high altitude aerial sensors, depending on each specific project and its budget.

2.2 Remote sensing data, software, drones and portable devices

Remote Sensing scientific research, the gathering of satellite data and the massive acquiring
of real-world applications have experienced a fundamental worldwide explosion, that has occurred in
the last ten years. The everyday increased demand of geospatial data as well as the global need to
discover new methodologies and applicable solutions, to natural or man-made environments, forced
both scientists and experts around the world, to incorporate in the vast Remote Sensing domain
utilizing innovative and efficient technological tools. The most representative among them, became the
UAVs and the smart-phones, equipped with adequate software.

The huge growth of the Remote Sensing field, being a real obstacle in its use for almost every
world-wide user, can be faced through three main domains.
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The optimum choice for end-user needs is adequate satellite images according to their
suitable qualities. It is well-known across the Remote — Sensing community, that the number of remote
sensing earth observation satellites nowadays exceed six hundred and fifty.

Always taking into consideration, the type of the chosen satellite images, for either private or
public projects to be implemented, it is necessary to use the most convenient and efficient software, in
order to reach the final and desired target. A plethora of such software exists and some of them are
remote sensing and GIS specialized, at the same time. The most known are presented in the following
table (Table 1).

Table 1. Most known Remote Sensing Software Packages

Software:

Geomatica, PCI Geomatics
SAGA GIS (Open Source)
ERDAS IMAGINE

ENVI

Google Earth Engine
GRASS GIS

Orfeo toolbox (Open Source)
IDRISI

ECognition

ArcGIS

SNAP

Nowadays the “value for money” rule seems to govern our professional life and not only. The
same applies to the Remote Sensing Community. Due to the increasing cost of almost everything, a
powerful and almost global trend in the remote sensing community appeared; the disposition of freely
available satellite data, as well as medium spatial resolution satellite images, sometimes even of high
spatial resolution in addition to the use of freeware, comparable in quality to commercial well-known
ones.

Representative examples for free distributed satellite images, according to the Earth
Observing System (EOS), presented in the Table 2.

Table 2. Most known sites with satellite images for Earth Observation

Sites with satellite data for
Earth Observation

USGS Earth Explorer
LandViewer

Copernicus Open Access Hub
Sentinel Hub

NASA Earthdata Search
Remote Pixel

INPE Image Catalog

Similarly, representative examples for the open source remote sensing software packages are
presented in the Table 3.
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Table 3. Open source remote sensing software packages

Open Source remote sensing
Software Packages

The Sentinel Toolbox

QGIS Semi-automatic
Classification Plugin (SCP)
SAGA GIS: System for
Automated Geoscientific
Analyses

ORFEO Toolbox (OTB): Optical
and Radar Federated Earth
Observation

GRASS: Geographic Resources
Analysis Support System
PoISARPro

Opticks

OSSIM: Open Source Software
Image Map
Interimage

ILWIS: Integrated Land and
Water Information System
gvSIG

Whitebox GAT
E-foto

Another big deal to face up is the explosive use of drones in the last years.

First, we pose the following statement in question: Do UAVs (Drones) and satellites
supplement each other or act in a contrary way?

Taking into consideration, the difference in spatial resolution between satellite and drone
images, the different temporal resolution, setting drones in a rather advantageous position, the field of
view the satellites can cover despite the existing weather conditions, such as cloudy days, that still are
not an obstacle concerning drone use, although bad weather conditions can even destroy them.
Finally, considering the limited drone flight range, one can vaguely conclude that drones and satellites
supplement each other.

It's worth to mention a study comparing the utility of drone images (DJI-Phantom-2 with
SJ4000 RGB and IR cameras, spatial resolution: 5cm) and satellite images (Pleiades-1B, spatial
resolution: 50cm), for mangrove mapping. According to the researchers who implemented this study,
image classification techniqgues seemed to be more accurate for drone than for satellite images,
although the processing time was at least ten times longer for the drone than for the satellite image.

The outstanding evolution concerning the use of cell phones in the last decades didn’t exclude
some remote sensing applications.

Nowadays, although cell-phones are far from reaching laptop capacity, there are applications,
that even if they are not equivalent to a computer software, they are at least similar.

Dr Karen Anderson, Associate Professor of Remote Sensing in the University of Exeter and
leader of a cell-phone (used as sensor) scientific project said:

“Currently the sensors on mobile phones harvest data about their users and send this
information to third parties. We wanted to start using those data for beneficial purposes, such as
community-led mapping.”

In another project entitled “Sensors for ANDROID in embedded systems”, which was achieved
in the “Department of Information Engineering, University of Brescia, in ltaly, a framework was
created, which allows the Android developers to handle the remote resources (i.e. sensors and
actuators) via the Bluetooth 4.0-4.1 technology with the same approach to the embedded resources
A third application is entitled “Development of Android Smart Phone App for Analysis of Remote
Sensing Images”. The purpose of this study is to develop an Android smartphone app, that provides
analysis capabilities of remote sensing images, by using mobile browsing open sources of gvSIG,
open source remote sensing software of OTB and open source DBMS of Open source Relational
Database PostgreSQL. In this app, five kinds of remote sensing algorithms for filtering, segmentation,
or classification are implemented, and the processed results are also stored and managed in image
database, for any user to retrieve.
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2.3 Big Earth Data a rising trend in Remote Sensing Industry

Managing and processing of Big Earth Data is the main recent trend in satellite Earth
Observation. The ever-increasing volume, variety and velocity of satellite data (Sudmanns et al.,
2018), whether they are near real-time or from previous years, faces the need to correlate information,
between what happened in the past and what will come to be in the future. During the last ten years,
Earth Observation Big Data gained worldwide attention, not only by commercial organizations and
governments, but also from researchers, Big Data experts and individual users on Remote Sensing
technology (Koswatte&Mcdougall, 2018).

Free for all, open to the public, a continuous flow of information and a steady policy
concerning Landsat and Sentinel data, create new challenges for Big Earth Observation data. Thus
the question, how to make the best use of Big Data, in terms of generating information useful for
everyone to access. Nowadays, the European Programme “Copernicus” is one of the key drivers for
the expansion of EO data and its truly free distribution, for everyone to exploit. The Copernicus
Sentinel-2 satellites collect more data, than any other comparable initiative, past or present
(Sudmanns et al., 2018).

The big data environment presents a range of challenges for the management of geospatial
data, that determine trends of Earth Big Data. To address these challenges, experts are making
efforts, to develop computing platforms and algorithms, that can effectively store and manage those
huge and increasing amounts of geospatial data. Still, cloud storage technologies are lower in cost
and seem to be the best possible solution, for storing and processing data in cloud storage platforms
anywhere and anytime, as well as to perform spatial analysis on demand. MapReduce pattern for
parallel processing seems to be superficial for handling large-scale and demanding Big Earth Data
(Sidhu et al., 2018).

It is worth to mention that, constant flow of high-resolution satellite imagery data requires
artificial intelligence (Al) processing, that efficiently performs real-time processing and analysis.
Artificial intelligence systems would be a useful tool in automated analysis of large data sets (Koswatte
& Mcdougall, 2018). One of the main challenges of machine learning for mapping industries is to
develop systems that periodically analyze satellite data, to identify temporal changes and correct
errors in geospatial data sets.

Trends and challenges may arise with the daily use of big EO data, including questions
concerning data storage, as well as processes and methods, that are both easier and time consuming.
These of course are just some of the questions, which we will be challenged to change, periodically
alter, manifest and resolve anytime, according to the impact the increased flow the amount of satellite
data has to offer to us.

3. Google Earth Engine (GEE) the upcoming global remote sensing tool

3.1 GEE Cloud Platform in the processing of geospatial data

Nowadays, there is a wide variety of software libraries (TerraLib, Hadoop, Geospark etc.) that
have been developed to process geospatial data from different resources (USGC, NOAA etc.). Since
the dawn of the new millennia, Google Inc. has played a pivotal role in the information community,
which is furthermore proved by the evolving role of Google Earth, a publicly accessible software, for
processing remotely sensed data.

Google Earth Engine (GEE) is a cloud-computing platform, which evolved into a remote
sensing tool for everybody to study and research. GEE written in Java, containing the necessary Java
templates and being the bridge between the data source and the analysis process, includes petabytes
of data, that are freely available and ready for use, created in cooperation with research Institutes -
such as the University of Maryland. Geospatial datasets of GEE include satellite data and aerial
imaging from a considerable number of frequencies of the electromagnetic spectrum, climate
forecasts, land cover, environmental, geophysical and socioeconomic datasets. These datasets can
be used in a variety of fields, such as global forest change, crop yield estimation, urban and flood
mapping (Gorelick et al., 2017).

There are no restrictions for using this platform, except from having a Gmail account, enabling
users to start programming. GEE uses Java, as a programming language, but there is an option for
Python. Processing satellite data, depends on each user individual programming ability and the
Internet connection quality. Therefore, general public can easily use it, in contrast with known
specialized remote sensing software such as, Environment for Visualizing Images (ENVI) and Earth
Resources Data Analysis System (ERDAS) Imagine (Kumar & Mutanga, 2018).
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Following the trends of technology and remote sensing, Google Inc. evolved furthermore this
platform, thus allowing users to process data in rural areas, via mobile devices (Venturino et al.,
2014).

3.2 Earth Engine Developers Groups

Earth Engine Developers Group is an online developing community, which is officially
supported by Google. The GEE Developers Group is a forum for asking and answering technical
questions, related to GEE with active members from all over the world. Those members have the
chance to discuss features of this platform and pose useful proposals among them, that can be helpful
for each other. The main advantage of this Group is that its members can share their scripts openly,
within their respective directories, in order to solve code running problems.

3.3 Materials and Methods for our study case

“Harzing’s Publish or Perish” (HPoP) is a software program, that analyzes academic citations
by using Google Scholar, Microsoft Academic Search, Scopus, Web Science etc., granting this way
the chance for every user, to make research complex queries and extract bibliometric results and
statistics. The aim of bibliometric analysis here, is to show the way GEE platform is used, both as a
tool for calculating urban indices, as well as to pinpoint the arising problems encountered by the users.
The reference time period was the elapsed year of 2019.

In our research, Google Scholar via HPoP is used to locate publications, using a select
combination of keywords and logical operators. The final expression was like: “Google Earth Engine”
AND (“urban green space” OR “urban green areas” OR “urban trees” OR “urban forest” OR “urban
green”). The search has included the body of the articles, excluding the references section. A
database was formed following this procedure, including all articles that derived from the aggregation.
Microsoft Excel software was used to exclude duplicates, perform cross tabulation and calculate the
frequencies within data. Conference papers, books and book chapters, reports and thesis were
included in the database. An effort was undertaken to summarize as many aspects of the stored
records as feasibly possible, resulting into more generalized conclusions. The related to GEE articles
were checked out, by their thematic content, their data satellite sources (Landsat series, Sentinel etc.),
the areas of interest in case studies and the used spectral indices.

In order the queries to be studied by members during a selected month period, a database
has been created, using the GEE Developers Group queries. The main idea was to document the
arising issues and announcements, that were addressed to the GEE board and thus, to record the
users’ experience and the resulting vulnerabilities. Developers usually react to users complains and
remarks. Future platform developments are the results of current problem reports. Gathered queries
were summarized, using the gender of each submitter, the data source satellite system, the spectral
indices and the type of query (technical problem, error in code error, announcement and proposal from
members) as examined features.

Statistics were corresponding to one-year period (until October 2019) for the literature review
and for one month (October 2019) for the GEE Group board queries.

4. Results

4.1 Trends from GEE literature review on Urban Green

The distribution of frequencies concerning the gathered research papers, by their thematic
content is as illustrated as in Fig. 1. Generally, papers could be classified as “Case Studies” or as
“Theory content”. Still, another yet not small, percentage group belongs to those that had no other
information, concerning their content, other than the publication title and the names of the authors.
Having an objective difficulty to classify those cases, a third class was formed under the
characterization “Undefined”.
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Fig. 1. Pie-chart of the frequency distribution of different thematic contents

“Case Study” was the class that had the most complete set of records in the database. Thus,
only this group was used to produce the summarizing reports for the rest of the analysis.

Fig. 2. The distribution of satellite sensors frequencies preferences in database

The preference in data sources used in case studies into research papers is illustrated in
Fig. 2. The free access data of Landsat and Sentinel series sensors come first in reference.

Respectively, the geographical allocation of the study areas is illustrated in Fig. 3 and they are
located mainly in Asia (about 50 %). This may arise by the fact that this continent is overpopulated and
there is a great number of research institutes producing huge amounts of publications.
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Fig. 3. Relative frequency distribution of the geographical allocation of case studies

Fig. 4. Frequency distribution of indices used in publications

Finally, Fig. 4 illustrates the corresponding distribution of indices used in research of urban
green areas. NDVI represents about the 50 % of occurrences, in publication denoting, established
scientific value and the general recognition of its use.

A general evaluation on this brief report of findings may conclude the following: Case Study
research papers have a 2:1 ratio of frequency, over theoretical oriented publications. Landsat and
Sentinel sensors are primarily preferable in case study types of research. Most frequently mentioned
study areas are allocated in Asia. The most commonly used index in research publication concerning
urban green areas, by using satellite remote sensing data is NDVI.

4.2 Trends from GEE Group

Calculating the evolution of GEE trends is not an easy task. The platform is under constant
development, thus thousands of lines of code written in the near past to be ineffective, erroneous and
in need of close review and update. For the purposes of the present approach, an effort was done, to
locate common characteristics among the queries of the GEE Board of users and summarize them.
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Table 4. Distribution of queries addressing users’ gender

Gender Frequency
Female 34

Male 178

Total 212

The distribution of users’ gender areas in Table 1. Males appear to be five times more
frequent than females. Without any conclusive meaning, this ratio maybe useful for comparison with
future estimations.

Fig. 5. Users’ referenced Data Sources frequencies distribution

Frequency distribution of the mentioned in the queries data sources appear in Fig. 5. The
general picture is a little different than that illustrated in Fig. 2. As it appears, users begin to prefer the
use of Sentinel data, in contrast to distribution of Fig. 2. Two of the reasons that this is observed is the
better provided resolution by Sentinel and the lack of need for atmospheric correction.

Fig. 6. Types of queries frequency distribution
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One very useful aspect would be to identify and classify the types of queries, that participate in
that aggregation. The most frequent types are obviously “Technical questions” and “Code error”
questions. The difference between those two types is the preciseness. “Technical queries” address a
more general question. “How can | calculate NDVI index® for example. The question is more general
and does not specify. “Code errors”, on the other hand, address specific questions, on part of
erroneous code. Most of the time, users with such queries, deposit their piece of code asking for more
clarifications.

Finally, the distribution of index reference frequencies was calculated and it is illustrated in
Fig. 7. NDVI is again the most popular index by far.

Fig. 7. The frequencies distribution of index references

5. Discussion

Due to the increasing cost of well-known, word-wide geoprocessing software, the vast use of
it, for a big part of users, experts or not, scientific or professionals, is a real obstacle. On the other
hand, the importantly high number of Earths observing satellites and the corresponding satellite
images, offer a variety of choices, according to the end user targets and needs. The ideal combination
of processing low, or without cost at all, software and, if possible, the same for the corresponding
satellite images, limits the provided choices to just a few ones. It seems that GEE is among the
optimum choices for geoprocessing satellite and various geo-data.

Every remote sensing software program has its own prons, cons and future challenges. Thus,
over time, many new approaches to processing GEE platform will develop to make it more efficient in
handling satellite data (Sidhu et al., 2018). The main advantage of this platform, which was highlighted
not only by researchers but by RS experts as well, is that it focuses on the provided opportunities,
including storage capacity and processed data usage. It gives the opportunity for accessibility to more
than 40 years of free historical imagery and scientific data sets, in order to develop large-scale and
long-term monitoring applications for Earth’s environmental problems and resources (Kumar &
Mutanga, 2018).

Due to the explosion of information and satellite data, GEE platform faces some interesting
challenges, for the immediate future. Client server programming is the main goal of Earth Engine, but
also one of the future’s challenge. GEE must work out to make quantities of data more easier to be
processed (Gorelick et al., 2017).

6. Conclusion

Open source Earth observation platforms and computing resources are a remarkable way to
make the field of remote sensing essential for spatial data analysis. Free of charge satellite images
can be downloaded and used in various applications, upon the corresponding field like forestry,
agriculture, urban environment etc. An important part of world-wide users today uses free remote
sensing and GIS software like SNAP, ILWIS, QGIS etc., in order to analyze suitable satellite images,
that are downloaded from international scientific reliable sites, like USGS, LandViewer, Copernicus
Open Access Hub, Sentinel Hub, NASA Earthdata Search, etc. with low cost or even without any at
all. Drone images seem to be complementary to satellite ones, providing better spatial and temporal
resolution, although having some restrictions (weather conditions, flight range). Cell phone remote
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sensing applications, while being extremely useful for everybody have not yet reach an acceptable
level of image registration and processing, due to their limited capacities.

This research investigated the uptake and usage of the Google Earth Engine (GEE) platform,
in calculating urban green areas, mainly in terms of the datasets used, most used indices and the
features of members that questioned in Developers Group.

One of the main goals of GEE is to become an evolving cloud computing remote sensing tool,
that is accessible and easy to use by everyone, with substantial opportunities for Earth observation
and geospatial applications.
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Abstract: Surface roughness is one of the fundamental quantitative parameters of digital terrain analysis
(DTA). The development of computer systems over recent decades has led to the development and successful
implementation of various digital analysis methods. An important place among them is undoubtedly the digital
fractal analysis. Along with this, the ever-improving digital elevation models (DEMs) of the Moon's topography
provide new opportunities in this direction. Present study focuses on differences in the topography of lunar poles
based on the digital fractal approach. For this purpose, the real physical surface of the Moon's poles is
represented as "fractal surface", and the differences in hypsometry and surface roughness are described by
fractal dimension. The results obtained on this basis showed a different geological history of the lunar poles. This
requires a thorough further interpretation.
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Pestome: panasocmma Ha penegha e eOuH om pyHOaMeHmarnHume KadyecmeeHuU rnapamempu Ha
OueumanHusi aHanu3 Ha penega (HAP). Passumuemo Ha KOMMAOMBbPHUME cucmemMu npe3 rocrnedHume
Oecemunemusi dogede G0 passusaHemo U yCcriewHomo eHedpsisaHe Ha pasfuyHu OuesumarnHu mMemodu 3a
aHanu3. BaxHo msicmo cped msx 6e3 CbMHeHue uma OuaumarsiHusi ¢hpakmarsneH aHanu3. Haped c¢ mosa,
HernpekbcHamo nodobpsisawume ce yugpposu modenu Ha penegpa (UMP) sa monoepachusma Ha JlyHama
npedocmassim HOBU 8Bb3MOXHOCMU 8 ma3su rocoka. Hacmosiwomo u3cnedsaHe ce oKycupa 8bpxy
pasnudusima 8 mornoepaghusima Ha yHHuUme rnosocu 6asupalku ce duaumarHus ¢ppakmareH rnodxod. 3a masu
uesn, ¢husuyeckama rno8bPXHOCM Ha JIyHHUmMe MoJsiocu e npedcmaseHa Kkamo ,gpakmarHa noebpxHUHa”, a
pasnuyusima 8 xuricomempusima U eparnasocmma Ha perniecha ca onucaHu 4pe3 chpakmanHa OUMEeHCUS.
lMonydyeHume pe3ynmamu Ha ma3su OCHO8a oKa3gam pasfiudHa 2e0/10XKa UCmopusi Ha JlyHHUme nosrocu. Tosa
Hanaesa 0onmb/IHUMEIHa UHmMeprnpemauyusi.

Introduction

Over the last decades, the increasingly use of fractal analysis on the one hand and the
continuous improvement of digital elevation models (DEMs) have led to the introduction of an
innovative methodological approach. The cohesive, but unambiguous, use of fractals and DEMs gave
to the scientific community new possibilities for analysis and interpretation of the terrain. The fractal
approach is based on the observation that the morphology of surfaces is statistically self-affine, which
implies that when repeatedly magnified, increasing details of roughness emerge and appear similar to
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the original profile (Taud and Parrot, 2009). With the fractal approach, it is possible to calculate the
scale-independent parameters which describe the surface. The fractal measure parameter, i.e. fractal
dimension (D), is a well-known measure unit of surface roughness (Mandelbrot, 1982; Pentland, 1984;
Franceschetti et al., 2000; Pant et al., 2010; Sun et al., 2006) and represents the capacity of the
surface to fill in the adjacent volume (Zahouani et al., 1998). Fractal dimension (FD) has many
applications in remote sensing research including image processing, image analysis, texture
segmentation, shape classification and identifying the image features such as roughness and
smoothness (Nayak and Mishra, 2016).

In recent years, the "fractal approach" has been increasingly applied to the surface of Earth's
natural satellite - the Moon. Using fractal analysis, spatial variations and peculiarities of the Moon's
topography (Turcotte, 1987; Nefedjev, 2003; Baldassarri et al., 2008; Huang et al., 2009; Rosenburg
et al, 2011; Cao et al., 2015; Bray et al., 2017) have been successfully analyzed. Also from the
position of the fractals was analyzed and interpreted the Moon's gravity field and its relation to the
terrain (Kumar et al., 2016; Ranguelov et al., 2019).

The present study focuses on spatial differences in elevation and surface roughness of the
lunar poles. Differences in topography of the poles are analyzed and interpreted by constructing of 2D
fractal models (surfaces) based on high resolution DEM data (30x30 meters) from the Lunar Orbiter
Laser Altimeter (LOLA) (Smith et al., 2011). The results obtained in the course of the study showed
significant differences between lunar poles regarding of topography and its roughness. Unlike other
large planetary bodies in the inner solar system, the lunar South Pole's topography is is largely
redesigned from free space objects. This requires the need for further interpretation.

Methods and Data
Variogram method for fractal dimension estimation

There are many techniques to estimate the fractal dimension. In the present study the fractal
dimension is calculated using Focal Fractal Dimension Calculator (FocalD) based on the ,Variogram
method” (Mark and Aronson, 1984). The software calculates a surface of fractal dimension values in a
window around each raster cell. The pixel signal value in each fractal image reflects the complexity of
the variation in the topography. The result is an entire raster map (2D) of fractal dimension values
indicating how data changes over space. The fractal estimator (Jaggi et al., 1993) measures fractal
dimension (D) based on the variogram computed for the study area, and
Q) y(h)= Var (Zi-Zj)
where i; j are spaced by the distance vector h.

The fractal dimension (D) can be derived by regressing the logarithm of the distance vector
with the logarithm of the variance (Zhou and Lam, 2005), and
) D=3-(B/2)
where D is fractal dimension and B is the slope of the regression.

The fractal signal value is much higher, when the DEM values have a more complex variation.
For example, fractal dimension of 2,0 is an indicator for smooth, scale invariant surface, while fractal
dimension of 3,0 is an indicator for a space-filling extremely rough surface (Table 1).

Table 1. Surface roughness classification based on fractal dimension (based on Mark and Aronson, 1984,
Pentland, 1984; with modifications)

Class Surface type Fractal
Dimension (FD)
1 Flat 2,0-2,1
2 Nearly flat 2,1-2,2
3 Slightly rough 2,2-2,3
4 Moderately rough 2,3-2,5
5 Highly rough 2,5-2,8
6 Extremely rough 2,8-3,0

Data and software

The digital elevation model (DEM) of the lunar poles using in the present study is based on
data from the Lunar Orbiter Laser Altimeter (LOLA) (Smith et al., 2011), an instrument on NASA’s
Lunar Reconnaissance Orbiter (LRO) spacecraft (Tooley et al., 2010). The DEM is generated in
Projected Coordinate System Moon 2000. The data are available in Georeferenced Tagged Image
File Format (GeoTIFF) at 30x30 m spatial resolution.
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The DEM data have been processed and explored using Geographic Information System
(GIS) - SAGA-GIS (Conrad et al., 2015), QGIS (Thiede et al., 2014) and LandSerf (Wood, 2009) free
software.

Results and Discussion

The results of the study are presented visually and textually in Fig. 1 and Table 2. The main
conclusions and interpretations are discussed further.

". " Etevation {m)|

Fig. 1. Lunar poles topography and corresponding 2D fractal surface

Table 2. Topography peculiarities of the lunar poles

North Pole
DEM min -10009 FD min 2,08
DEM max 5824 FD max 2,88
SD 4593 SD 0,306
R2 0,909 R2 0,739
South Pole
DEM min -15461 FD min 2,08
DEM max 13968 FD max 2,80
SD 8538 SD 0,209
R2 0,944 R2 0,733

The presented results show an interesting picture. In general, the terrain of the lunar poles is
characterized by a large amplitude regarding to the hypsometry. For the North Pole it is 15 833 m and
for the south one 29 429 m. The difference is also significant regarding to the maximum and minimum
absolute hypsometry values in favor of the southern lunar pole (Fig. 2). It is remarkable that both
Poles have approximately similar values of the FD and R2.
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Fig. 2. Lunar poles hypsometry variation

Differences, however, are observed in the spatial distribution of fractal values and related
parameters. The South Pole of the Moon (R? — 0.733) is characterized by a slightly nonlinear
distribution of the topography values in comparison of the northern one (R? — 0.739) (Table 2). In
general, based on fractal dimensions (Fig. 3, Table 3), the surface of both poles is characterized by
moderately-highly roughness. Within the North Pole, the areas with highly and extremely highly terrain
are more widespread (53,4 % > 31 % of total area or 184 124 km? difference). The flat areas are rare
as a whole, but more widespread within the South Pole (5,5 %>1,5% of total area or 31 190 km?2
difference). This proves that, compared to the northern pole, the terrain of the southern one is
transformed by geological processes with higher power but lower intensity.
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Fig. 3. Frequency of distribution of fractal dimensions within the lunar poles

Table 3. Surface roughness of the lunar poles

North Pole South Pole
Class Surface type Fractal Total area Relative Total area | Relative
Dimension (km?) share (%) (km?) share (%)
(FD)
1 Flat 2,0-2,1 5380 0,7 20532 2,5
2 Nearly flat 2,1-2,2 6600 0,8 24638 3,0
3 Slightly rough 2,2-2,3 28039 3,4 98554 12,0
5 Moderately 2,3-2,5 342544 41,7 422961 51,5
rough
6 Highly rough 2,5-2,8 366249 44,6 216818 26,4
7 Extremely rough 2,8-3,0 72472 8,8 37779 4.6
Conclusion

The results obtained confirmed the differences in the topography of the lunar poles. From one
side the both poles are dominated by the “moderate and highly rough” surfaces. (77.9% for the South
Pole and 82.3 % for the North). From the other side - the surface of the southern lunar pole is less
expressive but more variable, while within the northern one vice versa- more expressive and less
variable. This leads to the conclusion that, compared to the North Pole, the southern one has been
subjected to different by intensity and power impact events, which have created and shaped the
contemporary pattern of the relief. The fractal analysis clearly confirm that conclusions. This is in
contrary to the tendency, the northern hemispheres (and respectively, the poles) of the planetary
bodies within the inner solar system to be more vulnerable to collisions with large space objects. This
necessitates further in-depth research.
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Pe3rome: [Joknadbm e noceemeH Ha pabomHume rnipouedypu u pe3ynmamume om ydacmuemo Ha
Bwvnzapusi 8 OeliHocmume no nodkpena Ha eepuchukayussima u cb3fagaHemo Ha npPodykmu 3a 3eMHOMmO
roKpumue 8 paMKume Ha ycrlyzama 3a MOHUMOPUH2 Ha 3eMHama ro8bpxXHOCM 10 rpoepamama ,KonepHuk” npe3
nepuoda 2017-2018 2. U3ebpweHa e esepughukayusi Ha JlIoKarHUmMe KOMIMOHEHMU U Crioeeeme C 8UCOKa
pasdenumeriHa criocobHocm 4Ype3 cpasHsisaHe ¢ pechepeHmHuU 0aHHU. Ype3 su3yanHo dewugpupaHe u [VC-
moldenupaHe ca cb3dadeHu b6asume OaHHU 3a KOPUHE 3emHo nokpumue 2018 e. - pesusupaHa CLC2012,
npomeHu CLC2012-2018 u CLC2018. Kamo us510 memMamu4yHume moYyHOCMU rpu JI0KasHUme KOMMIOHEeHmMuU
omeaoeapsam Ha U3ucKeaHusima, rpu croegeme ¢ 8UCOKa pa3desiumeriHa criocobHOCm ca peaucmpupaHu Kakmo
00bpu, maka u npuemnueu u Hedocmamb4YHU MoYHocmu. Had-zonemu npomeHu no nnowj, npu CLC2018 ca 3azyba
Ha uefionuCMHU U WUPOKOIUCMHU 20pU U faculja 8 OpHa 3eMsl.
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Abstract: The report is dedicated to the working procedures and results of Bulgaria's participation in the
activities to support the verification and creation of land cover products within the Copernicus Land Monitoring
Service during the period 2017-2018. Completed is verification of local components and high-resolution layers by
comparison with reference data. Through visual interpretation and GIS modelling, the databases for CORINE land
cover 2018 were created: revised CLC2012, changes CLC2012—-2018 and CLC2018. In general, the thematic
accuracies of the local components meet the requirements, and acceptable and insufficient accuracy are registered
for the high resolution layers. The largest changes in area under CLC2018 are the loss of coniferous and deciduous
forests and pastures in arable land.

BbBepneHune

N300paxkeHusATa OT CNbTHMUMTE 3a HabnageHne Ha 3emsATa, B OHELLHO BpeMe ca LUMPOKO
M3Mon3BaH M3TOYHMK Ha MHAOPMaLMSA 3a NPOM3BOACTBOTO Ha KapTy 3a 3eMHO MOKpUTUE/3emMenon3BaHe
(land cover/land use - LCLU)). OueHkaTa Ha TOYHOCTTa € 3agbllKUTenHa 4acTt OoT pabotarta no
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u3BnuyaHe Ha uHdopmaumnsa 3a LCLU oT gaHHU B OMCTaHLMOHHUTE M3CNeABaHusl, KOSATO OLieHKa e
BbTPELLUHO CBbP3aHa C NO-HATaTbLIHOTO N n3nonseaxe [1, 2].

MbpBOHaAvanHoTo KapTorpadupaHe Ha Espona no nporpamarta "KOPUHE 3emHo nokputue"
(CORINE Land Cover (CLC)) 6e n3sbpLueHo B nepmoga 1986—1995 r. B pamkute Ha npoekta CLC 1990.
OtrtoraBa Hacam, 6asata gaHHu Ha CLC ce nogaobpxa WM akTyanu3vpa pefoBHO KaTo 4acT oT
aHraxumeHTuTe Ha EBponenckata areHuus no okonHa cpega (EAOC): CLC2000 [3], CLC2006 [4],
CLC2012 [5], and CLC2018 [6]. 3agbnbo4yeH aHanM3 Ha YeTnpu oT ropecrnomeHaTute ¢asm Ha CLC B
EBpona 3a nepuoga 1990-2012 r. OTHOCHO MeTo4OMOrNATa, AaHHUTE, KadycuTe U NepcnekTuBmuTe Ha
CLC moxe na 6bae HamepeH BbB (Feranec et al. 2016). bwnrapus ywactea B npoekta CLC oT HayanoTto
Ha 90-Te roguHu, Taka 4Ye ToBa € NETOTO yyacTue Ha CTpaHaTa HW B MOcrefoBaTeNHUTE NPOEKTU Ha
CLC B pamkute Ha genHoctute Ha EAOC 3a HabnoaeHue Ha 3emsTa [7]. [NoHacTosweM, CBbp3aHnTe
cbc CLC genHocTtum ca 4acT oT nporpamata KonepHuk - Bogeliata nporpama Ha EBponenckus cbios 3a
HabnogeHne n MOHUTOPUHT Ha 3ewmsTa [8].

B pamkuTe Ha ycnyrata 3a MOHUTOPUHI Ha 3eMHaTa NOBBLPXHOCT Ha nporpamarta KonepHuk
(CLMS) Ha EBponenckua cbto3 u nog pvkoBoactsoto Ha EAOC, pocera 6sxa npovnsBegeHn HAKOMNKO
rpynu 3a LCLU npoayKkTu, OTHACALLM Ce KbM NaHEBPOMNENCKUTE MU NOKANHUTE KOMMOHEHTH [9].

JlokanHuAT KOMNOHEHT NpefocTass noapobHa nHdopmauuna 3a LCLU 3a koHKpeTHU obnacTu
Ha MHTEpEeC, Taka HapeyeHuTe ,ropewm Toukn“, ¢ pedepeHTHa rogmHa 2012. lNpoyyBaHeTo Ha Te3n
TEPUTOPUN, YYBCTBUTENHU KbM HeONaronpuaTHW NPUMPOOHM W aHTPOMOrEHHW BbL3OEWCTBUA, €
pa3feneHo Ha TPM OCHOBHU NPOYyYBaHW obnacTu n ce peanuampa B Tpu NnpoaykTa: Atnac ypbaHusmpaHu
Teputopun 2012 (Urban Atlas), Hatypa 2000 - TpeBHM 30HK 2012 1 KparipeyHu 30HM (Riparian Zones).
MonyyeHn ca 4ype3 aBTOMaTM3vMpaHa knacudukaumss u nocrnedBallo PbYHO pefakTMpaHe, oT
n3obpaxeHnss ¢ MHOro BMCOKa MpOCTpaHCTBeHa pasgenutenHa cnocobHoct (VHR) (2,5 x 2,5 m).
OTnunyaBart ce ¢ BUCOKa NPOCTPaAHCTBEHA M TeMaTu4Ha getannHoct. MuHnmanHaTa kapTorpagupyema
eavHuua e B rpaHuuute 0.25-1 ha, a HOMeHKnaTypuTe Ha KracoBeTe BKIHOYBAT HSAKOIKO OECEeTKu
TemMaTtuyHM krnaca. [JokymeHTauuaATa 3a BCEeKM OT TpUTE MNPOAYKTa € AOCTbMHA B TexXHW4yeckata
ounbnnoteka Ha CLMS (https://land.copernicus.eu/user-corner/technical-library).

CnoeBeTe ¢ Bucoka pasgenutenHa cnocobHoct (CBP) ot 2015 r. (High Resolution Layers,
HRL2015), pactepHu npoayktu ¢ nukcen 20x20 m, ca nonyvyeHn Ypes aBTomaTuanpaHa Kknacmgmkaums
OT CMBbTHUKOBU WN300paKeHWs, BKIYUTENIHO Pas3HOBPEMEHHM OMTUYHU W pagapHU. TOYHOCTHUTE
XapaKTEPUCTUKN Ha CrOEBETE C BMUCOKa pasgenurenHa cnocobHocT ot 2012 ca 6unu oueHsiBaHM B
CTpaHaTa, KaTo ce u3nonaeaHu kadecTtBeHn [10] n konnyecTtBeHn [11] noaxoaw.

OtpenHuTte Obpxasu-uneHkn Ha EAOC ca noenu 3agbimKeHMETO Aa U3MbIHAT cepusa oT
AEVHOCTM No Mpou3BOACTBO, Bepudmkaumsa n oboratsaBaHe Ha NPOAYKTU Ha 3€MHOTO MOKPUTME Npe3
nepmoga 2017-2018 r. OceeH paboTtaTta no aktyanusauuata Ha CLC ca BknoyeHu olle BepudukaLms
Ha nokanHWTe KOMMOHEHTM 3a pedepeHTHaTa roguHa 3a 2012 r. n oboratasaHe Ha Urban Atlas;
Bepudmkauma Ha npoussegeHnTe Crnoese ¢ BUCOKa pesonoumns 3a pedepeHTtHaTa 2015 roguHa [12].
B HawaTta cTpaHa ropecnoMeHaTuTe [OEeNHOCTU ca Uu3NbfHeHM OT WHCTUTyTa 3a KOoCMUYEecKku
MU uscnegBaHus M TexHonorun kbM BAH no pgoroBop ¢ M3nbnHuTenHaTta areHUMa no OKorfHa
cpepa (MAOC).

Llenta Ha TOo3u goknaa e ga nNpefcTaBy OCHOBHUTE pe3ynTaTu OT YCTaHOBEHUTE NMPOMEHM B
3eMHOTO nokpuTuMe Ha Bbnrapmsa no texHonormsta Ha CLC 3a nepuoga 2012 - 2018 r., Kakto K1
pe3yntaTtute 3a TemaTMyHaTa TOYHOCT U OPYrY XapakTeEpPUCTUKM Npu BepudmrKaumsaTa Ha JoKanHuTe
KomnoHeHTn oT 2012 r. 1 HRL2015.

MeToau n gaHHn

Memodonoaus 3a sepuchukayusima Ha sioKkasTHUme KOMIOHeHmu

3apadvata 3a BepudmkaumaTa Ha npoaykTuTe oT JlokanHus KOMMNOHeHT 3a bvnrapusa BknouBa
BepudmkaumaTa Ha net npoaykra 3a pedepeHTHa roamHa 2012 r., npeacTaBnsaBally BeKTOPHU
reonpoCTPaHCTBEHN AaHHW OT TUN NonuroH: Atnac ypbaHuaupanu teputopun (UA), KpanpeyHu 30HM
(RZ), Hatypa 2000(N2K),Crion ynuuHu abpeeta (STL) kbm atnaca ypb6aHusvpaHu Teputopum, Cron
3eneHn nuHenHn enemeHtn (GLE) B kpavipevHuTe 30HW. [MbpBUTE TpM NpoAaykTa ca OCHOBHU U
CbAbpXaT AaHHM 3a 3eMHOTO nokputmne/aemenonseare (LCLU), a STL n GLE ca cneundmynmn cnoese,

M3nonsgaHata MeTodoOMoOrMa BKMOYBA 4YeTMPW CTBMKW: MNOArOTOBKA Ha AaHHUTe,
cTpatuduumpaHa cnyvanHa m3sagka no LCLU nonuroHun, BudyanHa nposepka Ha u3bpaHute npobw,
N3roTBsIHE Ha KOMEHTapu 1 OueHKa Ha pesynTaTuTe.

3a nony4aBaHeTO Ha MHOpMaLUA 3a KA4eCTBOTO Ha 6a3nTe AaHHM € NPUIoXKEH KOMOUHMpPaH
noaxoZ Mo ABa MeToda - Ypes KONMYECTBEHO OLEHsIBAHE U Ype3 BM3yarHO Bb3npuemaHe/ycellaHe (T.
Hap. Look-and-feel meTop, T.e., rmegan u yysctean). OCHoBHaTa 4acT OT JeNHOCTUTE ca peanuanpaHu
c nomouyTa Ha yeb-6asupanumsa nHcTpymeHT LACO-Wiki (https://laco-wiki.net). 3a Tpute LCLU npoaykTa
(UA, RS 1 N2K) 6sxa n3nbrnHeHn NpoBEPKU Ype3 cTpatuguumpaHm criydaiHu U3Bagku OT MOSIUIOHM.
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TemaTnyHuTe KknacoBe 6sxa u3nonseBaHu 3a cTpatudukaumsiTa, KOeTo € eauMH OoT oblionpueTute
noaxoam [12].

LaHHu npu sepugbukayusma Ha rioKkarHUme KOMnoHeHmu

HaHHnTe 3a Bepudukauus Ha NokanHUTE KOMMOHEHTU CbCTaBSAT ABE rPynu - CaMuUTe NPOaYKTU
(BEKTOPHM CrnoeBe) N pedepeHTHN JaHHM.

MHoxecTBaTa OT pedepeHTHW OT [OaHHM Ce CbCTOAT OT [[BEe OCHOBHW YacTu: [aHHMW,
OCUrypsiBaHu LIeHTpanmanpaHo u in-situ (MectHu, nokanHu). LieHTpanmanpaHo ocurypeHute gaHHu ca:

¢ N306paxxeHns ot Bing maps;

e Mo3avika OT CMbTHUMKOBM W300paXeHWs C MHOro BWCOKa pasgenuterniHa CcrnocoBHocT

GioLand/VeryHighResolution 2012;

¢ N306paxxeHns ot GoogleEarth;

e OpenStreetMap;

¢ N306paxeHns World Imagery Ha ArcGIS online.

B npoueca Ha Bepudmkaumsita 6s1xa BKITOYEHN HAKOMKO MHOXECTBA OT in-situ AaHHu:

e Lincpposa optodpotokapta (LOPK) ot 2011-2012 r., usetHa - RGB, ¢ npocTtpaHCTBeHa
pasgenutenHa cnocobHoct 0.4 m;

o ®usnyeckn bnokose 3a bbnrapusa no CU3I ot 2010-2011 r. BEKTOPHWU AaHHU (NOMNIOHN);

¢ BekTOpHa reonpocTpaHcTBeHa 6a3a AaHHW 3a ropuTe OT JIECOYCTPOWCTBEHUTE NPOEKTHY;

e CkaHupaHu Tonorpadbckm kaptv M 1:50 000.

In-situ gaHHWTE ce nonsBaxa B paMkuTe Ha HacTonHu TMC paboTHu mecta. [aHHuTe 3a
MOKPUTUSITA Ha CTpaHaTa C Bb34yLIHO OPTOdOTO U Tonorpadpcku KapTn Gsixa ocUrypsiBaHu Ypes ycryru
WMS.

Memodonozusi 3a 0bHossisaHe Ha ba3za daHHU KOPUHE 3emHO nokpumue 3a
peghepeHnmHama 2018 eo0uHa

MeTogonoruaTa 3a (poTOMHTEPNpPETaLMS Ha caTENUTHUTE M300paKeHnsa No paboTHU eauHULN
npakTU4Yeckn He ce pasnuMyaBa OT uM3nona3saHata B npeauwHute npoektn CLC. Ta e eguHHa un
XapMOHU3MpaHa 3a Bcuykm 39 cTpaHu, KouTo yvacTteart. [1bnHOTO 1 onucaHve € AadeHo B JOKyMeEHTa
Ha EEA "CLC2018 Technical Guidelines final" [13]. MeTogonorusita ce 6asupa Ha U3non3BaHeTo Ha
MHOrOKaHarnHu catenuTHu usobpaxeHusa ot Asa nepuoga: - 2012 r. (ot cnbTHUUuTe IRS-P6, AWIFS,
RapiEye SPOT5) 1 2018 r. (Sentinel 2, e nokpuTtud), ¢ TonepaHc + 1 roguHa. ManonseaH e CbLo U
LUMPOK Habop OT AOMBNHUTENHN LMdPOoBU 6a3m gaHHW.

HonbrnHumernHu daHHU u3ron3eaHu 3a CLC

o LIO®K — umdposu usetHm optocotokapth ot 2011 go 2017 r. , nukcen 40 cm ;
o LUCAS 2012 (Land Use and Coverage Area frame Survey Ha EUROSTAT);

e Google Earth cbe Street View n Google Maps

e Tonorpadckn kaptn M 1:25 000 ot 2006 r;

e Tonorpadckn kaptn M 1:50 0000t 2000 r;

o ®dusnyecku 6rnokose 3a nepmnoga 2011-2017r.

lNpuHyunu 3a eepughukayusma Ha HRL2015

Llenta Ha BepudukauusaTa e ga naeHtuduumpa CUCTEMHN rpeLlkn B KnacudunkaumsTa, Kouto
mMorat ga 6bvaat nogobpeHn B 6baeLum akTyanusauum Ha NpoaykTuTe. ToBa cTaBa yYpes npunaraHe Ha
BM3yariHa nNpoBepka Ha cTpaTuduumpaHn npobu OT rOpHUTE MET CMosi, KAaTo Ce U3NOoN3BaT HageXaHU
pedepeHTHN gaHHU. HRL ce npoBepsiBaT 3a ABa Tuna rpeLkn - Nponyck (omission) n HenpasunHa
Knacudukaumsa (commission).

Bepudukauuata e ussbplUeHa ¢ npunaraHeTo Ha npoleaypa 3a nposepka, CbCTosla ce oT
TpM YacTu:

o O6wW, nperneq Ha ka4yecTBOTO Ha neTte HRL npoaykta 3a ngeHtTudmumpaHe Ha obnactm Ha
ronemMum pasMMHaBaHWsl, KbAETO Bb3HWKBAT CUCTEMHW TPELKU MO BpemMe Ha
aBTOMaTU3MpaHaTa Knacupukauus;

e BuzyanHa npoBepka Ha 30HWM C O4aKBaHW rpeLlkn Yypes Bepudukaumsa no metoga Look-and-
feel (rmepan v YyBCTBaW) 1 Npernes Ha KPUTUYHN CTpaTU. T4 ce n3BbpLUBa Ypes HecrnyyanHa
u3Bagka no 3a JajeHu ctpaTu. 3a NpaBUMMHOTO B3EMaHe Ha pelleHus B TO3U criydyan oT
KPMTUYHO 3Ha4yeHue ca CrnocoOHOCTTa M OnMMTa Ha MHTepnpeTatopa U M3MNon3BaHETO Ha
NMOAXOAALWM cnomaraTeNnHy JaHHWM C MPOCTPaHCTBEHA pe3ontouums, no-gobpa OT Ta3u Ha
npogykta HRL;

¢ MpunaraHe Ha gonbrBalla, cTaTtucTu4eckn 6asupaHa Bepudukaumnsa Ypes cnyvanHa n3sagka
3a OLEeHKa Ha rpeLLKn NPOoMNyCcK 1 HeMpaBuIiHa Knacudukaums.
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MbpBUTE ABE YacTu ca 3agbiMKUTENHN U Ca U3MbIHEHM OT Hawma ekun. Bepudukauuara e
M3BbPLUEHA NpU MbMHA NPOCTPAHCTBEHa pasaenuTenHa crnocobHoct 20m x 20m.

BxodHu npodykmu u in-situ daHHu 3a eepucpukayusma Ha HRL2015
CwvrnacHo poroeopa ¢ MAOC cnegHute net HRL npogykta (o603HayeHn ¢ abpeBuatypa Ha
naTuHMUa) oT YeTupm Temu B6saxa BKMOYEHN BbB Bepudukauusara:
e HenpoHnuuaemocT (Imperviousness Degree - IMD);
e Topu (Forest);
0 CknoneHocrt (Tree cover density - TCD)
0 [peobnagaBaly abpBeceH TUM (LMPOKONUCTHWU nnu urrnonuctHu) (Dominant Leaf
Type - DLT);
e TpeBHU 30HU (Grassland - GRA)
e Boau n BnaxHu teputopumn (Water and Wetness - WAW)

HaHHuTe in-situ 3a Bepudmkauusata Ha HRL2015 ca nogoOHM Ha OHes3u, M3nonseaHu Mnpu
noKanHuTe KOMMOHEHTW.

Pesyntatu

JlokanHu KoMrnoHeHmMu

CnosaTt ,Kpanpeynu 3onn* (RZ) obxeawa 815 494 ha n nokpmea 13.6 % oT Teputopusita Ha
Bwnrapusa (dur.1). Mpu 74 BanugHn LCLU knaca, npeactasenn B bwnrapusa, ca uscnegsann 790
cny4variHo noabpanu npobu. bpoaT Ha npobuTte 3a oTAeNeH Knac Bapupa B pamkute Ha 12—13 cnyyanHo
pasnpegeneHun npobu. 3a HAKoM knacoBe H6POAT MM € No-Manbk, Nopagn No-mMankus 6port MOMUIoHW.
Ot usBagkata 585 nonuroHa ca npasBunHo knacuduumpanu, a 205 ca knacnduumpaHn ¢ rpeLleH kog.
ToBa cboTBETCTBA Ha obLa npeTterneHa TodHocT 83.5 % (c Cl + 0.035).

®ur. 1. Cnon ,KpanpeyHu 30H" (CBETNOCUHBO) C MecTaTa 3a NpobuTe (YepBEHU TOYKN)

B npoueca Ha BepudukauuaTa Ha nokanHua koMmnoHeHT Hatypa 2000 ca unscnegsaHu 500
cnyyanHo nsdbpann npodu. bpoAT Ha BanuaHuTe KNacose, KOUTO ce nosiBaeat B bbnrapus, e 47. Bpoat
Ha npobuTe 3a no knacose BapupaT B guanasoHa 12-13. 3a knacoBeTe ¢ no-manbk oT 12 Gpown
NonuroHn, 6posT Ha Npobute, CbOTBETHO, € No-manbk. O6Wo 467 cny4yanHW NONUIroHa ca NPaBUMHO
knacudmumpanu, a 33 ca knacudguumMpaHm c rpeleH kod. ToBa cbOTBETCTBa Ha oblia npeTerneHa
ToyHocT 95.2 % (npu Cl £ 0.034). CnepoBaTenHo, TOYHOCTTa Ha NPoAyKTa € MHOro Nno-BMCOKa OT
LeneBaTa CTOMHOCT OT 85 %.

Pesyntatute ot npoBepkata Ha UA 2012 ca 3a TepuTopusiTa Ha WwecTHageceT PyHKUMOHANHN
rpaacku 3oHm (FUA) no 26 LCLU knaca Ha, Hannyhu 3a benrapumsi. ObwaTa nnow Ha BepuduLmnpanHnte
FUA e 2 719 508 ha, koeTo e 24.5 % oOT TeputopusaiTa Ha cTpaHaTa. TemaTuyHaTa TOYHOCT Ha TO3U
npoaykT, Bkntousawy 206 044 nonuroHa, 6e TecTBaHa Ypes cTpaTuduLmpana cryyanHa nasagka ot 329
npo6Hu nonuroHa. Mo Bpeme Ha BepudmkaumaTa bsixa npoBepeHn MUHMMYM oT 12 go 17 npobu 3a
rpagcku knacoee. KopekTeH kog Ha knaca nokasaxa 279 npobGHW nonuroHa, koeto daea obuia
npeterneHa To4yHocT oT 83.89 % c noseputeneH uHTepsan (Cl) £ 0.089. KayectBoTO Ha ouepTaBaHe
Ha obekTuTe B UA e BUcoko, ¢ 89.7 % npaBuiHO o4epTaHu NoNmMroHn. TOYHOCTTa Ha AeTaurnHoCTTa Ha
oyepTaBaHeTo € 98.2 %, a no3anumoHHaTa TovHocT e 97.3 %.
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MoaxoabT 3a Bepudwmkaumsi, oOcHOBaH Ha nogobpeHoTo npasgonogobue  npwu
WHTepnpeTauuara, soam Ao obuim TodHocTn 3a Tpu ot npoayktute, N2K, STL n GLE, no-Bucoku ot
nancksaHaTta ot 85 % (dur. 2). Apyrute aea npoaykra, UA n RZ ¢ obwm TouHocTn ot 84 % ca MHoro
6nm3Kko 4o Tasm uenesa TOYHOCT.
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®ur. 2. OB TOYHOCTM Ha NPOAYKTUTE OT JTIOKaJTHUA KOMMOHEHT 3a Bbnrapus

KOPUHE 3emHo nokpumue 2018

KpanHnte npoayktn mmno Tasu 3agada ce dopmupat ot N'MC ekcneptute B ekmna. lNpaeu ce
aBTOMaTu3MpaHo obeauHaBaHe Ha BCUYkM 6a30BM paboTHU eaMHNLM 3a MonyvYaBaHeTo Ha eAuHHK 6asa
AaHHn (b)) CLC2012revized (peBuanpanHa CLC2012), CLC Change 2012-2018 (6a3a AaHHM Ha
npomennte) n CLC2018.

3a nepuopa 2012—2018 r. ca oTkpuTu u kapTorpadumparm 4 751 6posd NONUIOHM NPOMEHN C
o6wa nnow, 100 235 ha. KaTto 6pon 1 nnowy ToBa e noseye OT ABa MbTW B CPaBHEHWE C NpeaulHnTe
Tpu nepuoga.

lMpeobnagasart WecT Tuna NpomeHu, KoMTo popmupaTt Hag 3/4 oT NnoLTa Ha BCUYKM MPOMEHN
nokasaHnu (cwr. 3).

6 TMna npomeHu, popmupawm 3/4 ot obwaTa naowy
220; 6% 5275; 7%

341; 9%

M 312-324 3aryba Ha UrNOAUCTHU FopuU

m311-324 3aryba Ha WMPOKOJINCTHU
ropu
W 231-211 T[acuuia B OpHa 3emAa

W 221-211 Jlo3a B OpHa 3emA

W 222-211 OBOLWHM FPagMHKN B OpHa

3ems
W 324-311 Bb3cTaHOBEHM

LUMPOKOJIUCTHU ropun

dur. 3. BugoseTte NnpoMeHu ¢ Han-ronsam 6por n NpoLeHT oT obuiaTta nnowy,

MnowTa Ha Bb3CTAHOBEHUTE LUMPOKONMCTHU ropu (npomsiHa 324-311) e 4 865 ha, koeTo e
noyTtn 4 MbTK NO-Marnko oT 3arybenute (18 389 ha).

Cnioese ¢ sucoka pasfesiumeriHa criocobHocm - pe3ynimamu U OUEeHKU

Mpu TpuM OT crnoeeBeTe ce Moka3BaT cTabunHo-gobpw pesyntatm — HenpoHuuaemocT,
CknoneHocT n lNMpeobnagasaly, AbpBeceH TuMN. TexHONorusaTa nokasea HeCLBBLPLUEHCTBA Npu ABa OT
CBP - TpesHu nnown n Bogun u BnaxkHu teputopun. OT cTpaHa Ha ekuna ca NoKPUTU N3NCKBaHUATA
no metoaukata 3a Bepudmkaums. B Ttabnumuya 1 ca nokasaHn B o0606weH Bug pesynrtatute oT
BepudmkaumnaTa.
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Tabnuua 1. KonnyectBeHn napameTpu 1 pesynTaTtu oT oueHsiBaHeTo Ha CBP

CBP Bpown ctpatu Bpow npobu OueHku
HenpoHuuaemoct 10 139 Hobpa
CknoneHocT 13 138 Hobpa
Mpeobnagasaly AbpBECEH TUNM 13 115 Hobpa
TpeBHM nnowm 9 101 Mprnemnusa
Boau v BnaxHu Teputopumn 8 437 HepocTtatb4Ha
3akntoyeHue

BkniouBaHeTO B npoueca Ha npoBepkata Ha npoayktute Ha JlokanHusi KOMMOHEHT Ha
noaxoasiun n pasHoobpasHN N3TOYHMLM Ha pedepeHTHN AaHHN AONPUHACS 3a NOCTUraHETO Ha Lenute
Ha y4acTMeTO Ha cTpaHaTa B NpoeKTa.

YMecTHUTE cTpaTtndurKauum n NpoekTUpaHeTo Ha U3BAOKUTE, U3MbIIHEHW B CbOTBETCTBUE C
uenTta u pecypcute Ha TO3M MPOEKT, AOMNPUHACAT 3a MoflydaBaHETO Ha OOCTOBEPHM pe3ynTaTu 3a
TemMaTunyHaTa TOYHOCT, KOMTO AoMbhBaT BannanpaHeTo Ha NpoayKTuTe B usna Espona.

MoaxoobT 3a BepudmKkaumsi, OCHOBaH Ha nogobpeHoTo npaBgonogobue  npwu
WHTepnpeTauusaTa, Bogm Ao obwm TodHocTM 3a Tpu oT npoayktute, N2K, STL u GLE, no-Bucokn ot
nancksaHaTta ot 85 %. Opyrute gea npoaykta, UA n RZ ¢ o6wu ToMHOCTHN OT 84 % ca MHoro 6nm3ku o
Tasu ueneea TOYHOCT.

CnoeBeTe C BUCOKa pa3fenurenHa cnocobHOCT ocurypsBaT LieHEH U cneumaneH norneg Bbpxy
HSAKOMKO BaXHW XapakKTEPUCTUKM Ha 3eMHOTO nokpuTue. LlsnocTHute pesyntatu oT 3agadvaTta 3a
Bepudpmkauma Ha HRL nokassatr pobpa obwa cnocobHOCT 3a aBTOMaTM3UpaH aHanus Ha
pasHOBPEMEHHU CMTbTHMKOBU M300paXKeHns 3a U3BNNYAHE Ha HSAKOU BUOOBE 3€MHU NMOKPUTUS.

Mpn TpuM OT cnoeBeTe ce nokasBaT cTabunHo-gobpu pesyntatm — HenpoHuuaemocr,
CknoneHocT u lNpeobnagasaly, 4bpBECEH TUN

TexHonornsiTa nokassa BCe OlLe HECbBbpLUEHCTBA Npu Aa oT CBP - crnoii TpeBHW 30HM 1 ol
Boau n BnaxHu Teputopun.

BnarogapHocTu

Buxme wuckanu pa 6Gnarogapum Ha [EBponeiickaTta areHuMs Mo OKonHa cpeda M
ManbnHWTenHaTa areHuMsi No okoflHa cpeda 3a (PMHAHCUPAHETO U KOMYHUKMpaHeTo Mo npoekTal
CneuuanHu 6narogapHocTut Ha a-p AHTOH CTOMMEHOB 3a HEFOBOTO PbKOBOACTBO, NMPUHOC U Noakpena
3a peanuanpaHeTo Ha ToBa uU3cneaBaHe!
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Knroyoeu dymu: Sunflower, maize, water status, spectral transformation methods

Pe3rome: Productivity of sunflower (Helianthus annuus L.) and maize (Zea mays L.) is strongly regulated
by the availability of water. Boosting the efficiency of using water resources in agriculture requires innovations in
tracing crop water status in different growth stages. Early detection of water stress in plants is needed in order
inevitable crop damage and yield loss to be prevented. Remote sensing methods provide low cost and quick
techniques for monitoring of crop water status, assessment of water stress and irrigation scheduling. In this study,
remotely sensed spectral indices (Normalized Difference Water index - NDWI, Moisture Stress Index - MSI, and
Normalized Difference Wetness Index - NDWNI) and spectral transformation methods (Tasselled Cap Transform)
are applied. The research evaluates dynamics of sunflower and maize water status in the environmental conditions
of growth season 2019, using multispectral imagery, acquired by Sentinel-2 sensor of the European Space Agency
Program for Earth Observation “Copernicus” and daily measured field climatic data (air temperature and
precipitation).

OLIEHKA HA BOOJHUA CTATYC HA LAPEBULIA U CITBbHYOINEA
C N3NONI3BAHE HA MYJNITUCNEKTPANTHU OAHHU OT SENTINEL-2
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e-mail: davetisyan@space.bas.bg

Keywords: CrbH4o2ned, uapesuya, 800eH cmamyc, MemoOu 3a criekmparsHa mpaHcgopmayusi

Abstract: lMpodykmusHocmma Ha aespoekocucmemume c uapesuya (Zea mays L.) u cribH4o2red
(Helianthus annuus L.) e cunHo 3asucuma om Hanu4duemo Ha eoda. [losuwasaHemo Ha eghekmusHocmma 8
u3rioni3gaHemo Ha 800HUMeE pecypcu 8 3eMmedenuemo u3ucKea rpusazaHemo Ha UHO8amueHU Mooxodu 3a
npocnedsisaHe Ha 800HUSI cmamyc rpe3 pasnudyHume asu Ha pasgumue Ha 3emedesickume Kynmypu. 3a da
6ndam npedomepameHu Heobpamumu ¢bu3UOIOUYHU [IOPAXEHUsT 8bpXy Op2aHu3Ma Ha pacmeHusma u
3acybama Ha 3emedersicka npodyKyusi € HeobxoOUMO paHHO omyumaHe Ha 800HUSI CMPEC Nnpu HacaxoeHusima.
Memodume Ha ducmaHyuoHHUMEe u3credgaHusi npedocmassim UKOHOMUYHU U 6bp3u criocobu 3a MOHUMOPUHE Ha
800HUST cmamyc Ha 3emeldesickume Ky/mypu, oueHKa Ha 800HUSI cmpec U orpederisHe Ha MOUSHUST PEXUM Ha
rnocesume. B Hacmosiwemo u3crnedsaHe ca npunoxeHu crekmpanHu uHdexkcu (NDWI, MSI, NDWNI) u memodu
3a criekmparnHa mpaHcgopmayus (Tasselled Cap Transform). YM3cnedsaHemo npasu oueHka Ha OuHaMukama Ha
B800HUST cmamyc Ha Hacax0eHUs ¢ yapesuua U CiTbHY02/1ed 8 ycriogusima Ha ee2emauuoHHUsI ce30H npe3 2019
2., C usrosizeaHe Ha MynmucriekmparsnHu usobpaxeHus om cibmHuka Sentinel-2 Ha Egponelickama Kocmu4yecka
a2eHyus u exeO0He8HO U3MepBaHU rosiesu KInuMamuyHu OaHHU (memnepamypa Ha 6b30yxa U KOru4ecmso Ha
ganexume).

Introduction

Water stress is one of the most important growth limiting factors in crop production. Vegetation
phenology dynamics is strongly dependend on climate conditions.Each crop has a different response to
drought and water stress, and the water requirements of each crop are different during different growth
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and development stages. Changes in environmental conditions, such as droughts and water scarcity,
lead to changes in physiological features of plants. It is determined that the gradual reduction of soil
moisture from field capacity to wilting point causes irreversible physiological processes with increasing
intensity in the plant organism; the magnitude of irreversible physiological damage in the plant organism
is different with the same decrease in humidity on the same soil at different stages of its development;
the maximum physiological damages during the different stages of development limit irreversibly the
quantity and quality of production, regardless of the subsequent increase of soil humidity induced by
irrigation or rainfall [5,6]. Tracing the water status of agroecosystems in different growth stages in a
specific weather pattern is crucial because it gives us valuable knowledge about the changes in
agroecosystems functioning in various environmental conditions. In present study, the water status of
sunflower (Helianthus annuus L.) and maize (Zea mays L.) crops, in different growth stages (based on
BBCH scale), under the weather conditions in 2019 growing season, is assessed [3, 8].

Study sites

The study sites are located in Lom Municipality, North Central Bulgaria. The area is
characterized by intensive agricultural management due to the production of cereal, technical, and
forage crops (Fig. 1). Agriculture in the region is developing in the conditions of water deficit, insufficient
and uneven annual rainfall distribution, high temperatures and low relative humidity, frequent droughts
in the spring and longer in the summer. The average air temperature for the growth season of studied
crops (March to September) for the period 1901-1980 is 17 °C, and the precipitation sum is 353.1 mm.
Field measurements show that the average air temperature over the last years increases. The average
air temperature for the period from 2015 to 2019 is 17.9 °C. The precipitation sum, on the contrary,
notes a slight decrease - 349 mm.

The studied crops are developed on Calcic Chernozems. The Calcic Chernozems in the study
area are characterized with weakened resistance and stability of topsoil. These processes contribute to
increase of its density and hardness, limiting aeration, delaying filtration of water, and hence influencing
the overall water status of the agroecosystems [13, 14].
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Fig. 1. Location of study sites
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Materials / Data and methods

Satellite data acquisition

For the purpose of this study, multispectral data from the Sentinel-2 sensor were used. The
Sentinel-2 images are acquired between 30 March 2019 and 01 September 2019 and encompass the
period from the sowing till the full maturity of studied sunflower and maize crops. All available cloudless
Sentinel-2 images for that period are used. The image acquisition date and the relevant growth stage

for the sunflower and maize crops are presented on Table 1.

Table 1. Satellite images acquisition dates and relevant crop growth stages (BBCH scale)

Image acquisition
date (2019)

Growth stage of sunflower
(BBCH scale)

Growth stage of maize
(BBCH scale)

30 March Germination Germination
24 April End of Leaf development /Beginning of | Leaf development
Stem elongation
04 May End of Stem elongation / Beginning of | Leaf development
Inflorescence emergence, heading
08 June Inflorescence emergence, heading Stem elongation
13 June Flowering, anthesis Stem elongation
03 July Flowering, anthesis End of Inflorescence emergence, heading
08 July Flowering, anthesis Beginning of Flowering, anthesis
18 July End of Flowering, anthesis / Beginning | End of Flowering, anthesis / Beginning of
of Development of fruit Development of fruit
23 July Development of fruit Development of fruit
28 July Development of fruit Development of fruit
02 August Ripening Ripening
07 August Ripening Ripening
12 August Ripening Ripening
17 August Ripening Ripening
22 August Senescence Ripening
27 August Ripening
01 September Senescence

Climate data for the 2019 growth season

The field climatic data for 2019 growth season is presented on Fig. 2. The analysis show that
there is a slight increase in the average air temperature ( +0.7 °C) over the average for the period
1901-1980, but a significant decline of precipitation sum (-80.3 mm) from the average for the period
1901-1980, and (-76.2 mm) from the average for the period 2015-2019.

Average Alr Toosperature (C°)

44444

-
Procinmatoon Ssen (imm)

Penad trom March 1o September i Decades

Penod from March to September M Decades

Fig. 2. Average air temperature and precipitation sum for the period from 01.03.2019 to 30.09.2019
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Methodology

Spectral vegetation indices are mathematical expressions involving reflectance values from
different parts of the electromagnetic spectrum, aimed to optimize information and normalize
measurements made across varied environmental conditions (differences in plant species, solar angle,
shadowing, illumination, canopy coverage, soil background, atmospheric condition, etc.) [9]. The
increasing number of land-related spectral bands and expanding the spectral coverage into the
shortwave-infrared region let to development of spectral vegetation indices, estimating the water status
of ecosystems and detecting the water stress in vegetation [15]. The water absorption and reflection
features in the red and NIR parts of the electromagnetic spectrum and the analysis of spectral
reflectance has resulted in several useful water indices [12].

Normalized Difference Water Index (NDWI) [2], is a spectral vegetation index that capitalizes
on the differential response of the NIR and the short-wave infrared (SWIR) reflectance in vegetation.
The SWIR reflectance shows the changes in both the vegetation water content and the spongy
mesophyll structure in vegetation canopies, while the NIR reflectance is affected by leaf internal
structure and leaf dry matter content, but not by water content. The combination of the NIR with the
SWIR removes variations induced by leaf internal structure and leaf dry matter content, improving the
accuracy in retrieving the vegetation water content [1]. The NDWI is a very good proxy for plant water
stress. The values of the index range from —1 to 1. The high NDW!I values correspond to high plant
water content and vice versa. The NDWI formula can be expressed as (1):

) NDW] = PNIR= pSWIR
pNIR+ pSWIR

Moisture Stress Index (MSI) is used for canopy water stress analysis, productivity prediction
and biophysical modeling. This index is developed to detect changes in leaf water content using the NIR
and SWIR reflection ratio [4].When the leaf water content in vegetation canopies increases, the
absorption in SWIR region of the electromagnetic spectrum increases with absorption in NIR remaining
nearly unaffected by changing water content. MSI is also sensitive to soil moisture fluctuations,
increasing in value with decreases in soil moisture with strongest correlation at 20 cm soil depth. Hence,
in growing season MSI not only reflects the response of vegetation to soil moisture variation, but also
can be used in the estimation of soil moisture variation [16]. Higher values of the index indicate greater
plant water stress and consequently, less soil moisture content. The values of MSI range from 0 to more
than 3 with the common range for green vegetation being 0.2 to 2.9. The MSI formula can be expressed
as (2):

SWIR1

2 MSI = NIR

Tasselled Cap model for orthogonalisation of satellite images is a very effective method of
interpretation, classification, and analysis of phenomena and processes related to the dynamics of
change of the main components of the Earth surface: soil, vegetation, and water [7]. In orthogonalization,
three differentiable classes are obtained (soil brightness, greenness, and wetness axes), which are
strongly sensitive to small increment processes of vegetation change. This enables more precise
classification and tracking of changes of current condition of the soil and vegetation components of the
land surface. Brightness component is based on the spectral reflectance characteristics (SRC) of non-
vegetated areas, greenness component is defined by the signature of vegetation, and wetness - by the
signature of moisture content. The Normalized Differential Wetness Index (NDWNI) is based on the
wetness component of TCT and in the present study it is applied to identify the small changes that occur
in sunflower and maize ecosystems in relation to moisture content. NDWNI values show the relative
variation of moistures content in agroecosystems by periods and enables determination of its change in
relative values. NDWNI ranges from +1 to —1 and indicates the positive and negative changes in
moisture content for a given time period. The NDWNI formula can be expressed as (3) [10,11]:

Wi (t2)=Wn(t1)
(Wi (£2) |+ |Wn ()]

@) NDWNI =

Results and conclusion

In the initial growth stages of crop development, high MSI values are observed. This is related
to the lack or the smaller proportion of leaves area relative to those of bare soil. Nevertheless, the MSI
values of sunflower are higher than those of maize, which on the one side could be related to earlier
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sowing of maize crops (5 days), and on the other, to morphological features of the crops leaves. After
entering the inflorescence emergence stage (sunflower) and stem elongation stage (maize), a significant
decrease of MSl values is observed. The MSI values of the sunflower are a bit lower than the MSI values
of the maize. The beginning of fruit development stage records an increase of MSI values. After entering
ripening stage, the MSI values of sunflower again exceed those of maize (Fig. 3). The sunflower is
harvested on 23 August 2019, and the maize on 14 September 2019.

Expectedly, the lowest NDWI values are observed in the initial crops growth stages. The
explanation is the same - smaller proportion of leaves area relative to those of bare soil. The highest
NDWI values are observed in the beginning of July, when the studied crops are in flowering stage. After
entering ripening stage, the NDWI values of sunflower become negative, whereas the NDW!I values of
maize fall under zero later, at advanced ripening stage (Fig. 4).

MSI values
NOWI viuon

Date Dase

Fig. 3. Average values of MSI Fig. 4 Average values of NDWI

The results after calculation of NDWNI show the dynamics in moistures content in
agroecosystems by periods. There is relative stability in moisture content during the studied periods.
The largest deviations are reported for the sunflower crops in the period between 18 July and 23 July,
when an increase of NDWNI values and a noticeable decrease in the next two periods (23 July — 28
July and 28 July — 02 August) are observed. In the period between 18 July and 23 July, the studied
crops are in the end of flowering stage. After entering development of fruit stage, and during the whole
stage, the decrease of NDWNI values and respectively of moisture content is observed. After the
abovementioned periods, after starting of the ripening stage, an increase of NDWNI values and
stabilization of moisture content is detected.

The dynamics of moisture content in maize ecosystems is similar, but less pronounced (Fig. 5).

MOWNI %)

Tins Fenod

Fig. 5 Average values of NDWNI

As a conclusion, it could be said that the study confirms that the water status of agroecosystems
and dynamics of moisture content is closely related to different growth stages. The suggested research
approach is appropriate for an accurate examination of different crop types, developing under various
environmental conditions, during growth season.

156



Acknowledgements

This work was supported by the Bulgarian Ministry of Education and Science under the National
Research Programme “Young scientists and postdoctoral students” approved by DCM # 577/
17.08.2018

References:

1. Ceccato, P., S. Flasse, S. Tarantola, S. Jacquemond, J.M. Gregoire. "Detecting vegetation water content using
reflectance in the optical domain " Remote Sensing of Environment, 77, 22-33, 2001.

2. Gao Bo-cai, "NDWI — A Normalized Difference Water Index for Remote Sensing of Vegetation Liquid Water
from Space, " Remote Sensing of Environment, Volume 58, Issue 3, 257-266, 1996.

3. Hack, H., H. Bleiholder, L. Buhr., U. Meier, U. SchnockFricke, E. Weber, A. Witzenberger,“Einheitliche
Codierung der phanologischen Entwicklungsstadien mono- und dikotyler Pflanzen - Erweiterte BBCH-
Skala“, Allgemein. Nachrichtenbl. Deut. Pflanzenschutzd. 44: 265-270, 1992.

4. Hunt, Jr E.R., B.N. Rock. "Detection of changes in leaf water content using Near- and Middle-Infrared
reflectances," Remote Sens Environ., 30, 43--54, 1989.

5. Kadrev, T.,G.,“Physiological ecology of agricultural plants”. ZEMIZDAT, Sofia, 1975, p. 276 (in bulgarian)

6. Kadrev, T.,G.,“Water and plant productivity”, Bulgarian Academy of Sciences, Sofia, 1985.

7. Kauth, R. J., G. S. Thomas. "The Tasseled Cap — a graphical description of the spectral-temporal development
of agricultural crops as seen by Landsat,” Proc. Symp. “Machine Processing of Remotely Sensed Data”,
Purdue University, West Lafayette, Indiana, 4B41-4B51,1976.

8. Meier, U.,(editor) “Growth stages of mono-and dicotyledonous plants”. Federal Biological Research Centre for
Agriculture and Forestry, Berlin and Braunschweig, 2001.

9. Mirik, M., R. J. Ansley,. G. J. Michels Jr., N. C. Elliott. “Spectral vegetation indices selected for quantifying
Russian wheat aphid (Diuraphis noxia) feeding damage in wheat (Triticum aestivum L.)". Precision
Agriculture, 13: 501-516, 2012, http://dx.doi.org/10.1007/s11119-012-9264-7.

10. Nedkov, R., "Normalized Differential Greenness Index for vegetation dynamics assessment, " Comptes rendus
de I’Acad’emie bulgare des Sciences, Tome 70, No 8, 2017.

11. Nedkov, R., "Orthogonal Transformation of Segmented Images from the Satellite Sentinel-2", Comptes rendus
de I’Acad’emie bulgare des Sciences Tome 70, No 5, 687— 692, 2017.

12.Serrano, L., I. Fillella., J. Pefiuelas. "Remote sensing of biomass and yield of winter wheat under different
nitrogen supplies”. Crop Science, 40: 723-731, 2000, http://dx.doi.org/10.2135/cropsci2000.403723x.

13. Shishkov, T., N. Kolev, “The Soils of Bulgaria”, World Soils Book Series. Springer Netherlands, 2014, DOI
10.1007/978-94-007-7784-2.

14. Teoharov, M., T. Shishkov, B. Hristov, E. Filcheva, R. llieva, I. Lubenova, |. Kirilov, , G. Dimitrov, V. Krasteva,
B. Georgiev, M. Banov, P. lvanov, M. Hristova, Z. Mitreva. "Chernozems in Bulgaria — Systematic, Specific
Features and Problems, " Soil Science Agrochemistry And Ecology, Vol. XLVIII, No 3-4, 2014.

15. Wardlow, B.D., M.C Anderson, J.P. Verdin. “Remote Sensing of Drought. Innovative Monitoring Approaches”,
CRC Press Taylor & Francis Group, New York, 2012.

16. Welikhe, P., J.E. Quansah, S. Fall, W.Mc Elhenney. "Estimation of Soil Moisture Percentage Using LANDSAT-
based Moisture Stress Index, “J. Remote Sensing & GIS, 6: 200, 2017, doi: 10.4172/2469-4134.1000200,

157



S E S 20109
Fifteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
6 — 8 November 2019, Sofia, Bulgaria

MOHUTOPWUHI HA CTPYKTYPHOTO 3[PABE HA UHXXEHEPHU
CBbOPBXEHUA YPE3 ANCTAHLMOHHU U3CIEABAHUA

Bacun Kasbpaxukos!, lecucnasa Nawkynesa?, Feopru Ctounos?, UBaH Hukonos?

1MHecmumym o mexaHuka — bbrizapcka akademusi Ha Haykume
2@usudecku ghakynmem — Cogpulicku yHusepcumem ,Ce. Kn. Oxpudcku”
e-mail: kavarj@imbm.bas.bg; dessip@imbm.bas.bg; gstoilov@imbm.bas.bg; ivandn2@phys.uni-sofia.bg

Knrovoeu dymu: [JucmaHUuoHHU u3scriedeaHusi, MOHUMOPUH2 Ha cmpykmypHomo 30paege, uugpos
KopenayuoHeH aHanu3 Ha u3obpaxeHusi

Pe3rome: B Hacmoswama paboma ce pasenexdam npobremu, Cebp3aHU C MOHUMOPUH2a Ha
CMPYKMypHUS UHmMeapumem Ha 20/1eMU UHXEHePHU KOHCMpPYyKUuuU. lHmepecbm KbM masu Hay4YHO-NpurioxHa
memamuka Hapacmea ¢ erevYamiisieaulo yckopeHue npe3 nocriedHomo decemusniemue. Paspabomeam ce Hosu
MeXHOI02UU 38 MOHUMOPUHE 4Ype3 OUCMaHUUOHHO U 6e3KOHMaKmHO peaucmpupaHe ¢ sucoka pasdenumersnHa
CrMocobHOCM Ha Uyughposu U306paxxeHUs Ha 201eMu CMpoUMmMesHU CbopbXEHUs U MawuHU. Memodbm, ocHogaH
Ha Yughpos KopenayuoHeH aHau3 Ha uU306paXeHus nokassea 20/15M nomeHyuan 3a npusioxeHusi KbM obekmu ¢
pasnuyHu pasmepu, Koumo moz2am Oa b6bdam UHCeKmupaHu Om Pa3CMOSIHUSI HSKOJIKO Mempa, HSKOJIKO
decemku unu cmomuuyu mempu, 00 pa3cmosiHUsIma, xapakmepHu 3a opbumanHume anapamu. B doknada ca
npedcmaseHu CbCMOSIHUEMO Ha CbBPEMEHHUME MmexHo/o2uU 3a ducmaHyUoOHHO obcriedsaHe U MOHUMOPUH2
Ha cmpykmypHama ysifiocm Ha UHXEeHEPHU CbOPBXEHUS, Orumbm Ha asmopume 8 cb3dagaHemo Ha coghmyep
3a peanusupaHe Ha Uugpos KoperlauuoHeH aHasnu3 ¢ OMHOCUMESIHO /IeCHO OoCMbIiHa eKunupoeka, u ca
uncmpupaHu  8b3MOXHOCmMume Ha Memoda 4Ype3 u3bpaHu pe3ynmamu om posedeHu om msx
eKkcriepumMeHmu.
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Abstract: This paper addresses the problems associated with monitoring the structural integrity of large
engineering structures. Interest in this topic of applied science has been growing with impressive acceleration
over the last decade. There are developed new monitoring technologies implementing remote and noncontact
capturing with high-resolution of digital images of large construction equipment and machines. The Digital Image
Correlation method shows great potential for applications to objects of various sizes that can be inspected from
distances of several meters, several tens or hundreds of meters, to distances typical of orbital apparatus. The
report presents the state-of-the-art technologies for remote sensing and monitoring of the structural integrity of
engineering facilities, the authors' experience in developing software to implement Digital Image Correlation with
relatively readily available equipment, and illustrates the method's capabilities through selected results from their
experiments.

BbBepneHune

MOHUTOPUHIBLT Ha CTPYKTYPHOTO 34paBE Ha WHXEHEepHU cbopbxeHus (T. Hap. Structural
Health Monitoring - SHM) e myntuancuunnuHapHa 3agada. [pes nocnegHwte aABe feceTuneTtus B
obnactta SHM ca pa3paboTeHn MHOBATMBHW CEH30PW U CUCTEMW, OCHOBaHM Ha TexHoslorusita 3a
peructpupaHe un uucdpoa o6paboTka Ha un300paxeHUs. Tasanm TExXHOMNOrms uma npPUCHLLM

158


mailto:kavarj@imbm.bas.bg
mailto:dessip@imbm.bas.bg
mailto:kavarj@imbm.bas.bg
mailto:dessip@imbm.bas.bg

OTNNYUTENHN NPeaMMCcTBa. T € AUCTaHUMOHHA, 6e3KOHTakTHa, 6espaspyLlumTenHa, ocurypsisa BUCoOKa
TOYHOCT Ha U3MepBaHWATa, YCTOMYMBA € Ha eNEKTPOMarHMTHU CMyLLEHNS U MoXe Aa 6bae npunaraHa
32 MOHUTOPWIHTI Ha MHXXEHEPHN CbOPBXEHUS. T BeYe uma MHOXECTBO NPUINOXeHUs 3a HabnaeHne n
u3MepBaHe Ha ABYMEPHU U TPUMEPHM MoreTa Ha npemecTBaHe, AedopMauun, ycykBaHe, Bubpaumu,
nokanusvpaHe n cnefeHe pasBUTUETO Ha NYKHaTUHW, W NPOLECK Ha paspyllaBaHe Ha KOHCTPYKUMK C
pasnuuyHun pasmepu [1-7]. BrnevaTnsBalwmaT Hanpedbk B obnacTta Ha onTukaTa, KOMNoTpute u
meTtogute 3a uudpoBa ob6paboTka Ha um3obpaxeHws, npesbpHa SHM B aBaHrapgHa
Hay4yHom3cnepoBaTterncka obnact € ronsm MnoTeHuman 3a MPUIoXKEeHWUS B MHXEeHepHaTa npakTuka,
CBbp3aHN C nepuoauMyHa AWarHOCTMKa Ha akTyariHOTO CbCTOSiHME Ha MHXeHepHW obekTn mnu Ha
OTrOBOPHM TEeXHW 4acTu. ToBa BOAWM A0 NO-eBTUHA MoadpbXKa Ha crpagvTe U CbopbXeHuaTa (no-
HUCKM Tekywm pasxoaum) u nopgobpeHve Ha 6Ge3onacHoCTTa (HaBpeMeHHW npepynpexaeHus 3a
NPOMEHN B KOHCTPYKUMUTE).

Mpn nepuoguyHo obcnegBaHe Ha eKCnNoaTauMOHHOTO CbCTOSIHUE Ha  WHXEHEPHU
CbOPBXEHUS, CbllecTByBaT ronsaM Opoil 3agaunm 3a M3MepBaHe Ha nofeta Ha npemMecTBaHus U
aedopmaummn. Te He moraT Aa 6bAaT peweHn ¢ TPaauMUMOHHUTE KOHTakTHM MEeTOAM U CpeacTsa
M3MNon3BaLly TeH304aTuMLM, CEH30PpU C ONTUYHM BMNakHa, yNTPa3ByKOBU CEH30pPU U Ap., HE3aBUCUMMO
OT TOBa, Ye U Te NpeTbpnsaxa pasBUTUE N HaNpeabK Npe3 HOBUS Bek. EQHO chluecTBeHO HeynobCcTBO
Ha Te3n TeXHWKN € CBbP3aHO C TPYAHOCTM MO TAXHOTO MOHTUpaHe BbpXy OOeKTa 3a MOHWUTOPWHT.
PyTvHHO npunaraHute cpefcTtBa 3a OUCTAHLMOHHO WM3MepBaHe Ha MNPEMECTBAHUSA Ha WHXEHEPHU
CbOPBXEHWS Ca reogesnMyHn ypeam, KaTto HMBenvpu u teogonutu [2]. Te nmat cBoeTo 6e3cnopHo
MSCTO B CTPOUTESNHOTO MHXEHEpPCTBO, HO KaTo MpaBwuio Tesn ypeau paboTAT ypes npocnegsBaHe
ABVXEHVEeTO Ha OTAEeNHU MapKepu, HaHeCeHW BbPXy MOBBbPXHOCTTA Ha obcneaBaHaTa KOHCTPYKUMS.
Tosn noaxoa npasBu TPYOHO PErncCTpUMpaHETo Ha UAnoTo none Ha gedopmMauunsa Ha u3cnegsaHarta
NMOBBPXHOCT U aBTOMAaTU3NPaHETO Ha NpoLeca Ha MOHUTOPUHT.

LindposusaTt kopenaumoHeH aHanns Ha nsobpaxeHusa (1. Hap Digital image correlation - DIC) e
ONTMYHa LMdpOoBa TEXHUKA, KOATO Hamupa Bce nosede npunoxeHus 3a SHM. DIC nossonsiBa Ha
WHXeHepuTe Mo ekcnnoaTauua 1 noaapbXka Ha CTPOUTENHUTE CBLOPBXEHUA U MalnHW Oa
HabnogaBaT KOHCTPYKUMUTE OUCTAHLMOHHO M C BMCOKA TOYHOCT Aa 6baaT OTKpWUTW, u3MepBaHu U
crnefieHn NpoMeHW B norertaTta Ha npemecTBaHe M fedopmaums Ha TexHUuTe noBbpxHocTW. EaHa
MHOro ycrnelwHa wncTpauus Ha npunoxeHvetro Ha DIC wmetoga 3a wu3cnegBaHe Ha
HOCMMOCMOCOBHOCTTa Ha rofieMn apxXMTEKTYPHW eneMeHTW, KakBUTO ca CTOMaHOOETOHHM paMKu CbC
3ugapuvs, NoanoXeHM Ha CTaTU4HO M Ha AMHaMMYHO HaToBapBaHe e npefcTtaseHa B [3]. Tesu
eKcrnepuMMeHTU ca Janu OCHOBaHWe Ha aBTopuTe Aa MUCAAT 3a ObAeLLo NPUoXKeHUe Ha To3W MeTos
npu SHM Ha TakvBa apxuTekTypHu enemeHTw. lNpernen Ha Bb3MOXHWU npunoxeHns Ha DIC kbm
peLleHns Ha OrpoMHO pa3Hoobpasne OT Npobnemu, 3agageHn OT NHXEeHepHaTa npakTuka e HanpaBeH
B [4]. NMog4yepTaHo e, Ye TO3N METOA e CTaHan MHOro nogxogdu, u edekTMBeH 3a HabnogeHne Ha
ronemMy CTPOUTENHW KOHCTPYKUMM, BKIIOYUTENHO M3MEpPBaHWS Ha OTBapsHe Ha MyKHaTWHU B
CTOMaHOOETOHHM enemeHTU. ToBa e efHa OT NbpBUTE Nybnukauumn, B KOUTO Ce NaHcupa ugesra 3a
usnonasaHe Ha 6e3NMNOTHM neTaTenHun anapatu (gpoHose) 3a SHM B kombuHauwms ¢ DIC. AsTopuTte
Ha [5] ca mpunoxunu mogudukauma Ha uUMPOBMSA KOperauuoHeH aHanuM3 Ha u3obpakeHus 3a
KOnuuyecTBeHa OLeHKa M AuarHocTuka Ha BmbpaumuTe Ha nopTarieH KpaH B npoueca Ha Herosata
pabota. B [6] e ocbluecTBEHO AUCTAHUMOHHO HabnaeHWe Ha BWTNOTO Ha paboTel BATbPEH
reHepatop Ha enektpoeHeprus u ype3 DIC e Bu3yanusmpaHo U M3MEpeHO TPUMEPHOTO Morie Ha
Aedopmaummn B KPUTUYHA 30HA Ha TO3WN €TEMEHT.

O6wa KkoHuenuus 3a KOMMMeKCcHa, aBToMaTmsMpaHa cucTeMa 3a MOHWUTOPUHI Ha WMHXEHEePHU
CbOpbXeHNs e passuTa B [7]. TakbB MOHUTOPUHI U3UCKBa N3MepBaHe Ha noneTta Ha NpemMecTBaHns U
gedopmaumm Ha MOBBbPXHOCTUM Ha 00eKTM C pasnuMyHM pasmepu M C pasfU4yHU HMBA Ha
YyBCTBUTEMHOCT M TOYHOCT. TOBa npeAnonara B obwusa crnyyav ga 6baaTt pasrnexgaHn Tpy HuBa B
3aBMCMMOCT OT pa3MepuTe Ha nomneTtata Ha Habmwopgenuwe: 1. [nmobaneH ceH3op, 4Ypes3 KOWTO ce
HabnogaBa usnata CTPyKTypa MMM NOHEe efHa rondma 4yacT OT TakaBa KOHCTpyKuwusi; 2. JlokaneH
CEeH30p, KOWTO Ce M3nonsBa 3a OonpefensHe Ha noneTa Ha npeMecTBaHe B peluaBawin /KputuyHu/
30HM Ha obekta nocTaBeH noa HabniogeHue; 3. lNpeumseH ceH3op 3a M3MepBaHe Ha none Ha
npemectBaHe B €4HO Manko none Ha HabniogeHue, HO C MWKPO- WM HaHO-METPUYHa TOYHOCT.
MpoToTvn Ha TakaBa cucTtema, paboTel, kaTo rnobaneH W fokaneH CeH30p, € M3nonsBaH 3a
uscnenBaHe NoBeAEHNETO Ha MeTareH Xerne3onbTeH MOCT B NpoLeca Ha HeroBaTa ekcnnoaraums.

LUnTtnpanuTte nybnukaummn ybegmutenHo nokasBaT, OCHOBHOTO MPeAMMCTBO Ha TexHonorusarta 3a
peructpupaHe n obpaboTka Ha mocnegoBaTerniHM BbB BPeMETO M300paXeHUst Ha WHCNeKTUpaHuTe
MOBBPXHOCTU Ha MHXEHEPHW 00eKkTM — TA € AMCTaHUMOHHa, 6e3KoHTakTHa, OespaspywwutenHa v e
AoKasaHo, Ye Moxe da paboTy ePEeKTUBHO Npv MONIEBM YCNOBMSA. 3aToBa Tasu TEXHOMNOIMS MOXE B
pegvua cnyyan ga 6vage egHa no-gobpa anTtepHaTvMBa Ha TpagvMUMOHHUTE METoAM M CpeacTBa 3a
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n3MepBaHe Ha npemMmecTBaHUA U /:l,eq)opmau,mm Ha NHXXEeHEPHU CbOpPBbXXEHUA. 3acera He HM e U3BECTHO,
T ga e buna npunaradHa npu MOHUTOPUHI Ha HA3EMHU 06eKTn OT oKonosemaHarta 0p6MTa.

MpuHUMN Ha MeToAa OCHOBaH Ha UM(POBUA KOopenaLMoHeH aHanu3 Ha n3oépaxeHus

LincdpoBuat kopenaumoHeH aHanm3 Ha usobpaxeHus [8] ce ocHoBaBa Ha CpaBHSIBAHETO Ha
OBOVKM nocrefoBaTenHn n3obpaxeHus: NbpBoTO (pedepeHTHOTO) n3obpaxeHrne e HanpaBeHO npeau
aedopmaumaTta, a gpyroto cnen gedopmaumara Ha HabnwogaBaHaTa NOBBLPXHOCT. B Hakou
nybnvkauun no Temara, Tasu NoBbPXHOCT Ce Hapuya ,30Ha Ha uHtepec” (dur. 1a). PedepeHTHOTO
nsobpaxeHvne ce pasgens Ha efHakBu MO pa3mepu ,noarpynu” — KkBagpaTtHM MaTpuum OT MUKCEnu
(cbur. 16). Ypes umucneHo pellaBaHe Ha KopenauuoHHa 3ajadya 3a HamMyMpaHe Ha MakKCuManHo
CbBMageHne Ha UHTEH3MTETa Ha NUKCenuTe OT BCsika noarpyna oT NbpBOTO M306paxeHue C HAKOS OT
noarpynnute Ha BTOPOTO Wu3obpaxeHue, ce Hamupa TAXHOTO CbOTBeTCTBME. KonnyecTBeHa
WHpopMaumMss 3a MNPEeMeCcTBaAHETO Ha TOYKWATE, artawmpaHM KbM TE€OMETPUYHWUTE LIEHTPOBE Ha
CbOTBETHUTE NMOATPYNU Ce Mofy4vaBa, KaTo ce onpedenn 6pos NUKCENn Mexay TsX, KanbdpupaHu B
€AVHMLM 3a N3MepBaHe Ha pasCTosiHMe.

dur. 1. PernctpupaHe Ha 30Ha Ha UHTEpEC a) U pa3gensHeTo Ha noarpynu 6)

MmnepatuBHa HeobxoamMMocT npu peanu3upaHeTo Ha DIC metoga e msobpaxeHueTo Ha
30HaTa OT MHTepec Oa npuTexasBa TakoBa pasnpederieHne Ha MHTEH3UTeTa Ha BCeKU MuKcer, 4ve
BCSKa OT KopenaunoHH1Te nogobnactu ga ce pasnuyaBa MakCMMarnHo OT BCUYKM ocTaHanu — T.e. Aa
€ yHukarnHa. Npu Bb3HMKBaHETO Ha TO3M MeTod npe3 70-Te roavHU Ha MUHanus Bek, TOBa yCrnoBue ce
U3MbJIHSABALLE, Ype3 PaBHOMEPHO OCBETABaHE Ha MOBBLPXHOCTUTE, MOAJIOXKEHW HA MOHUTOPWHI C
nasepHa cBeTnMHa. Bbpxy wusobpaxeHneTo Ha wuscnegBaHata MOBBPXHOCT, 3aCHEMAHO BbpXY
doTorpadckn unm, ce reHepupa T. Hap. ,f1asepHa neTHUCTa CTpykTypa“. B nepuoga Ha Herosus
reHesuc, To3m MeTo He Gelle NpUrofeH 3a MacoBM NPUINOXEHUS MOHE MO ABE NPUYMHK: Ha NpakTuKa
Oelwe TpygHO MOCTUXMMO FONEeMM MOBBLPXHOCTM Aa ObOaT OCBETABAHW PaBHOMEPHO C NasepHa
CBETNMHA W KOPENauMOHHWUAT aHanu3 Ha 3acHeTute usobpaxeHus Gelwe TpygoembK. NapanenHo ¢
ToBa Gelle noka3aHO, Ye MOBBLPXHOCTUTE Ha MHOXeCTBO obekTute, kouTto Bmxa npegcTasnsBanu
WHTEpEeC 3a MOHWUTOPWHI, MMaT CTPYKTypa, KOATO 3a40BOMMTENHO yOOBMEeTBOpsSBa YCNOBMETO 3a
YHUKaNHOCT Ha HerHuTe nogobnacTu, Korato ca OCBETEHW HanpuMep CbC ClbHYeBa CBETMMHA U ca
doTorpadupaHm ¢ noaxogsaLo ysenuyeHve. lNpes nbpBuTe AeceTUneTuss Ha HOBMS BEK Ce YTBbPAU U
Bnese B MacoBa ynotpeba umdpoBusa KopenauuoHeH aHanm3 Ha wusobpaxeHus. ToBa cTaHa
OnarogapeHne Ha KayeCTBEHMS CKOK B Pa3BMTMETO Ha LMAPOBUTE OETEKTOpUM Ha U306paxeHwus,
paboTelM Ha MpakTMka B peariHO BpeMe npu pasgenurenHa CnocoBGHOCT cbhocTaBumMa C
pesoniouusata Ha doTtorpadckute UMK, KakTo U B MOLLHOCTTa U Obp304eNcTBMETO Ha
CbBpPEMEHHUTE KOMMIOTPU. BbopbXeHn C Ta3n cbBpeMeHHa eKMNMPOBKA, U3crnegoBaTenuTe Bugsaxa
Bb3MOXHOCT 3@ YNCIIEHO FreHepupaHe Ha CTPYKTYPU C YHUKanNHWM CBOMWCTBA, KOUTO HAHECEHM BbPXY
n3cnegBaHNTE MOBBPXHOCTU OCUrypsiBaT BMCOKA TOYHOCT U MOBTapseMOCT Ha U3MepBaHuMsATa Ype3
DIC. Knacudmkaumsi Ha cnekbn CTPYKTypuTe, OLleHKa Ha KavyecTBOTO MM OT METPOSiorMyHa rnegHa
TOYKa N TEXHUKMTE 3a TAXHOTO HaHacsHe BbpXy NOBBbPXHOCTU, ca npeacTaBenn B [8—11].

EKcnepumeHTanHM n3cnenBaHusa u pesyntaTtu

Ha T03M etan oT Hawarta pa60Ta, CBbp3aHa C NpPpUIIOXeHUA Ha DIC 3a MOHUTOPUHI Ha
NHXEeHEepHU 00EKTN C OTHOCUTENHO ronemu pa3mepun, HMe HanpaBunxme wuscrnegBaHnAa Ha efHa
MeTalriHa U egHa AbpBeHa KOHCTPYKUUA.
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EkcnepumeHTanHata anapaTtypa 3a peanu3auusa Ha DIC metopma BknwouBa uUndpoBs
doToanapaT C MNOAXOAsiL, BapuoOOOEKTMB WM KOMMIOTbPEH OroK 3a KOopenauuoHeH aHanmM3 Ha
nsobpaxeHneto. Hue usnonssame uudgpos ¢dortoanapat Sony Alpha a6000 ¢ 24,3 meranukcenosa
CMOS wmaTtpuua. PaspaboteHunsit oT Hac codTyep 3a 3anuc n obpaboTka Ha AaHHM € B cpefa
Microsoft Visual C++”. CbLuo Taka, To31 codpTyep ynpaensisa u pabotarta Ha poToanapara.

MeToabT, Ype3 KOUTO CMe reHepupanu U3non3BaHUTE OT Hac CNeKkbn CTPykTypu (cur. 1) e
nogpobHo obsiCHeH B MpeguwHyn Hawu nybnukauuun [8, 11]. T e HaHeceHa BbpXy M3crnenpaHaTta
NMOBBPXHOCT NOCPEeACTBOM 0d)CETOB Mnevyar.

lMpu pewaBaHeTo Ha NpUNOXHa 3agaya, CBbp3aHa ¢ paboTaTa Ha rpyna 3a oueHsiBaHe Ha
CbOTBETCTBME Ha CTPOUTENMHU MpoAayktu ,Mexatpon” kbM MHCTMTYTa nNo MexaHuka, uscnegBaxme
HanperHaToTo CbCTOSIHME Ha NMbTHA OrpaHU4YMTENHa CUCTEMa Ha MOCTOBe, u3paboTeHa OT cTomaHa
(napaneT 3a newexogun) Npyu cTtatM4HO HatoBapsBaHe (cur. 2a). To ce npunara XOpu3oHTanHO KbM
napaneTa, 4ype3 BUHTOB HaToBapBall, MexaHM3bM, CHabaeH C AaTyuk 3a M3MepBaHe Ha YCUIMETO,
KaKTO € nokasaHo Ha dur. 2a. HapacTBaHeTO Ha ToBapa CTaBa Ha OCEM CTbMKM [0 [OCTUraHe
makcumym ot 3,2 kN. Cnepn Bcsika CTbMka ce npaBu CHMMKA Ha NOBbPXHOCTTa. LindposaTa kamepa e
duKcMpaHa Ha pa3cTosiHue 3 M OT ropHaTa XOpM3oHTarlHa NOBbPXHOCT Ha napaneta. OnTuM4yHaTa oc
Ha kamepaTta e neprneHauKynspHa Ha HabntopgaBaHaTa NOBbLPXHOCT. Ha cur. 26 ca npeacrtaBeHn
KpanHWTe pe3ynTaTy 3a NpeMecTBaHMATa Ha napaneta Mo Heropata AbIDKUHA, B pe3yntaT Ha
NPUNOXEHNTE XOPU3OHTaNHN HaToBapBaHus.
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®ur. 2. CxeMa Ha onuTHaTa yCTaHOBKA NPU MOHUTOPMHIa Ha napaneT 3a neLuexoaum a)
1 pe3yntaTu oT uamepBaHusita 6)

lMpu ObpBEHUTE CTEHHU KOHCTPYKUMM BB3HUKBAT criegHuTe npobnemu, kouto morat ga 6baat
peweHn C MeToda, W3NOn3Bal, KOpernauuoHeH aHanmM3 Ha wu3obpaxeHus: wusMepBaHe Ha
XOPMU3OHTANHN UNN BEPTUKANHU OTKNOHEHMS Nog AeNCTBME Ha PasfnMyHM MO XapakTep HaToBapBaHUs
(Bb3genctene o1 pgedopmauuuTe Ha 3eMHata OCHOBa BbpXy nognopute, noggaBaHe Ha
dyHOameHTa, BATBP M np.). TanneHo-cTbnboBa CTEHHa KOHCTPYKLUMS, KOATO uacnegsaxme (dwur. 3),
belle noanoxeHa Ha KBasn-cTaTMyeH HaToOBapBaHe Npu KOMOMHALMA OT BEPTUKaNHN U XOPU3OHTanHu
cunu. To3n ekcnepMMeHT e 4acT OT pa3paboTBaHa MeToAMKa 3a MOHWUTOPMHI Ha KblUM CTPOEHU B
Bbnrapusa npe3 nepuoga Ha Bwb3paxpaHeto. [MaHenbT e wusrpageHa B nabopatopusta Ha
CtpouTenHus akynteT kbM YHMBEPCUTETA N0 apxXUTEKTypa, CTPOUTENCTBO U reoaesus.

dur. 3. Cxema Ha onuTHaTa yCTaHOBKa Npn MOHUTOPUHIa Ha TanneHo-cTbnboBa cTeHa
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KbMm cTeHaTa e MpuroXeH XOpPM3OHTarHO HaToBapBaHe [0 HewHaTta noBpefa U MOCTOSIHHO
BepTuKanHo HatoBapBaHe OT 21 kN. ®dur. 4a nokasBa MNOMETO Ha XOPU3OHTANHO MpemecTBaHe B
XY-paBHMHaTa Ha HabniogaBaHaTa cTeHa, HenocpeaCcTBEHO Npean HEMHOTO paspylaBaHe. Ha dwur.
46 e nNpeAacTaBeHa BM3yanusauusl Ha NoneTa Ha NpeMecTBaHe M Aedopmauun Ha ObpBeHaTa CTeHa.
[IBKeHMATa Ha OTAENHUTE AbCKU, OT KOUTO € U3rpageHa cTeHaTta (Te He ca CBbp3aHu NoMexay cu)
SICHO ce BWXKaarT, Ype3 pasnnyHmnTe TOHOBE Ha CMBOTO.
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®ur. 4. None Ha XOpW3OHTaNHO NPeMeCTBaHe Ha AbpBeHaTa KOHCTPYKLUS:
a) BeKTOpHa Anarpama; 6) guarpama B TOHOBE Ha CUBOTO

3akno4veHune

CuCTeMHOTO noOfy4yaBaHe Ha MWHGpOPMALMS 3a TEKYLWOTO CbCTOSHUME Ha CTPYKTYpPHUSA
WHTErPUTET Ha TOMIEMU MWHXEHEPHW KOHCTPYKUUW € akTyanHa MynTuancumniMHapHa 3ajava,
pellaBaHETO Ha KOSATO CTaBa BCe MO-BaXHO 3a CbBPEMEHHATa LMBWNM3auUWsi, XapakTepHa C
HapacTBalla KOHUEHTpauusa Ha Xxopa Ha OTHOCMTENHO Marka TepUTOpUS, KakBUTO ca MeranonmcuTe u
CTPOUTENCTBOTO Ha BCE MO-MalabHU CBLOPBXKEHMS U MawuHW. Te3n NpoayKTU Ha WHXeHepHaTa
MUCB Ca NOAJOXKEHN HA aMOpTM3aUns B pe3ynTaT OT TAXHaTa MHTEH3UBHA eKchroaTaums, a CbLyo U1
Ha noBpeaun OT Bb34ENCTBMETO Ha NPUPOSHU KIMMMATUYHU U cendmudHm cunu. MNMopagm Toea, OposT Ha
nybnvkauunTe, CbOTBETCTBALLM Ha KroyoBaTa kKomOGuHauusa ot aymum “structural health monitoring”
HapacTBa C BMe4vyaTnsiBallo YCKOpeHMe npe3 MnocnegHoto paecetunetne. EOHOBpeMEHHO Cbe
3aCuneHns HTEpeC KbM Ta3u TemaTuka, B MHOXECTBOTO OT Te3u nybnukaumm ce o6ocobu n 6up3o ce
pasBMBa Hay4HO-MPUIMOXEH KIOH, CBbp3aH C pa3paboTBaHETO WU M3NON3BAHETO Ha MeToan U
€KUNMPOBKa 3a AUCTAHLUMOHEH N GE3KOHTAKTEH MOHUTOPWHI Ha CTPYKTYPHOTO 34paBe Ha UHXEHEPHM
CbOpBXEHUS. Te3an MeToau ca CBbP3aHu rMaBHO C MoNydaBaHeTo, peructpupaHeTo n obpaboTkaTa Ha
n3obpaxeHus Ha obekTUTe, MOCTaBeHU nof HabnogeHve. Mamexagy TAX — MeToobT, OCHOBaH Ha
uncpoB kopenaumMoHeH aHanu3 Ha u3obpaxeHuss (DIC) nokasea Hal-ronsamM noTeHuwan 3a
NPUNOXeHNs1 KbM 0DEKTU C pasnnyHM pa3mepu, KOUTO Morat Aa 6baaT MHCNEKTUPaHU OT Pa3CTOSAHUS
HAKOJIKO MEeTpa, HAKOMKO [eceTKM WnuM CTOTUUM METPWU, OO0 pas3CTosHMATa, XapakTepHu 3a
opbutanHute anapatu. OyeBugHa e gobparta nepcnekTvMBa 3a npunaraHeTo Ha DIC ¢ nsnonseaHe Ha
0e3nunoTHM netaTenHu anapaTtu (4POHOBE) HOCeLLM LMPOBUN KaMepu.

B 1031 goknag Hue ce onMTaxme Aa NpeAcTaBMM CbCTOSHMETO HA CbBPEMEHHUTE TEXHOIOTUU
3a OUCTAHUMOHHO obcrneaBaHe M MOHUMTOPWHI Ha CTPYKTypHAaTa LUSINOCT Ha MHXEHEPHU CbOPBXXEHWS,
HalMsa ONuT B Cb3[aBaHETO Ha codTyep 3a peanuaupaHe Ha DIC ¢ OTHOCUTENHO NeCHO AOCTbIMHA
EKUMMPOBKA N UITIOCTPMpPaxMe Bb3MOXHOCTUTE Ha MeToAa Ype3 n3bpaHu pesyntaTtu OT NpoBeAEHN OT

Hac eKkcnepuMeHTH.
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Abstract: Plant disease detection with remote sensing techniques, based on hyperspectral reflectance
measurements, is a challenging area that can have a significant economic and environmental impact on
agricultural yield management. Leaf spectral reflectance is a sensitive indicator of a variety of environmental
factors affecting plants such as stress, diseases, drought, and senescence. This study aims to relate changes in
plant physiological status caused by a biotic stress (viral infection) to leaf spectral reflectance and to identify
wavebands that best discriminate this disease. Young potato plants, cultivar Armada, infected with Potato Virus Y
(PVY) are investigated. Hyperspectral reflectance data were collected by a portable fiber-optics spectrometer in
the visible and near-infrared spectral ranges (400-1100 nm). Wavebands with most disease sensitivity were
identified by means of four empirical approaches and statistical analyses (Student’s t-test, cluster analysis). The
results demonstrate that hyperspectral reflectance data in red and red edge spectral ranges (680—740 nm) allow
detection and quantification of plant stress due to viral infection and are most sensitive to related changes in
biophysical parameters.

YCTAHOBABAHE HA 3ABONIABAHUA HA PACTEHUA YPE3 AUCTAHUUOHHU
XUNEPCMNEKTPAJITHU OAHHU 3A OTPA3SEHATA OT JIMCTATA PAOUALIUA
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e-mail: dkrezhova@stil.bas.bg; k.velichkova@mgu.bg

Knroyoeu dymu: xuriepcrieKmparsiHu AucmaHUUuoHHU  u3crned8aHusl, CriekKmparsiHo ompaxxeHue
Ha jlucmama, eupycHa UHGbeKyus, No3uyust Ha YepeeHusi p'b6

Pe3rome: OmkpusaHe Ha borecmu no pacmeHusima 4pe3 mMemold 3a OUCMaHUUOHHU u3cied8aHus,
basupauwy ce Ha xuriepcriekmparsHu udMepeaHusi Ha ompaseHa paduayusi, e npedusgukamersHa obnacm, Kosimo
Moxe Oa OKaxke 3Ha4yuUMmesIHO UKOHOMUYECKO U eKOrl02u4yHO 8b30elicmaue 8bpXxy ynpasrneHuemo Ha dobusume 8
cesickomo cmonaHcmeo. CriekmpanHomo ompaxeHue Ha Jiucmama e YyecmeumesieH rnokasames 3a pasiuyHu
ghakmopu Ha okoslHama cpeda, srusieuu 8bpXy pacmeHusima kamo cmpec, 6osiecmu, cywa u cmapeeHe. Tosa
rpoyysaHe uma 3a ues 0a C8bpXe MPOMeHUME 8b8 (hU3UOI02UYHOMO CLCMOSHUE Ha pacmeHuUsima, npuYuHeHU
om buomuy4eH cmpec (8upycHa uHgpekyusi) u 0a uéeHmubuyupa crnekmpanHume duana3oHu, Koumo Hali-dobpe
pasepaHu4aseam mosa 3aborssieaHe. MN3credeaHu ca mnadu KkapmogheHu pacmeHus copm Apmada, 3apas3eHu ¢
kapmogpeH eupyc Y (PVY). XunepcnekmpanHume ompaxamesiHu 0aHHU ca peaucmpupaHu C [PeHOCUM
criekmpomembp 6b8 eudumama u b6nuskama uHgpadepeeHu obrnacmu Ha crnekmbpa (400-1100 nm).
BwbiiHosume duana3oHu ¢ Hal-2osisimMa YyyecmeumesiHocm KbM 6osiecmma 6sixa udeHmucbuyupaHu ¢ nomouima
Ha Yyemupu emnupuyHU nodxoda u cmamucmuyecku aHanusu (t-mecm Ha CmiodbHM, KIbCMEPEH aHarus).
Pe3ynmamume noka3gam, 4ye xunepcrekmparaHume ompaxamesiHu 0aHHU 8 YepeeHUsi criekmparseH duana3oH
u 8 yepseHuss pbb (680-740 nm) Oasam 6b3MOXHOCM 3a ycmaHoesieaHe U KoruyecmeeHa oOueHka Ha
pacmumernHuss cmpec nopadu eupycHama UHQEKUuUss U ca Hal-4yecmeumesiHU Ha [PpoOMeHUme 8b8
buopusu4HumMme napamempu.
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Introduction

The reliable detection and identification of plant disease and plant stress are very essential for
preventing the loss in yield of the agricultural crops [1]. Monitoring of plant health and detecting
pathogens early are essential to reduce disease spread and facilitate effective management practices.
It is difficult to monitor the plant diseases manually at each stage, which requires more effort and time.
The traditional molecular methods such as serological assays and nucleic acid-based methods (PCR
variants) are the most available and effective to confirm disease diagnosis, but they are not very
reliable at the asymptomatic stage [2]. Remote sensing (RS) technologies are innovative and
alternative methods for effective, reliable, and early detection of pathogen infections. RS techniques
coupled with spectroscopy-based methods allow high spatialization of results, these techniques may
be very useful as rapid preliminary identification of primary infections [3]. The RS scientific community
defines plant disease monitoring as: detection (deviation from healthy), identification (diagnosis of
specific symptoms among others and differentiation of various diseases), and quantification
(measurement of disease severity, e.g., percent leaf area affected) [4].

RS techniques provide opportunities for non-destructive detection of plant diseases, especially
hyperspectral technologies. RS is a technique obtaining information on an object by measuring the
electromagnetic energy reflected/backscattered or emitted by the surface of the Earth [5]. The
increased spatial resolution of recent satellite sensors and the decrease in the cost of data acquisition
are making RS really competitive for the integration with traditional techniques. RS offers the
advantages of a large amount of data from the spectral response and the possibility of working at
different spatial scales, with available sensor resolution from a single leaf level to an entire region [3].

In scientific literature the methods for RS data analyses related to detecting of plant disease
can be categorized into four groups: (1) correlation and regression analysis of disease presence and
severity with spectral response in specific bands and/or intervals of electromagnetic spectrum [6, 7];
(2) assessment and derivation of spectral vegetation indices (SVIs), general or specifically introduced,
sensitive to disease presence [8, 9]; (3) data mining algorithms applied to spectral data processing
and feature extraction/selection for data dimensionality reduction [10, 11]; and (4) machine learning
and classification techniques, parametric and non-parametric, supervised and unsupervised, for
producing results which are classified depending on disease presence/ absence and possibly severity
levels [3, 12, 13].

The plant spectral reflectance is a sensitive indicator of a variety of environmental factors
affecting plants such as stress, diseases, drought, and senescence. Measurement of leaf reflectance
is a fast, non-destructive method for plant health estimation which provides valuable insight into the
physiological performance of the leaves. Reflectance data indicated consistent and diagnostic
differences in the red edge portion (680-740 nm) of the spectrum among the various samples and
populations of leaves. The red edge of the reflectance curves, the maximum slope between the red
and near-infrared (NIR) wavelengths, is strongly correlated with the foliar chlorophyll (Chl) content and
is a good estimator for stress monitoring [14]. The main red edge parameter, red edge position (REP),
is the inflection point of the slope of the spectrum. REP is an important index that indicates the abrupt
leaf reflectance change between 680 nm and 740 nm of the vegetation spectra caused by the
combined effects of strong Chl absorption and leaf internal scattering [15]. Increases in the amount of
Chl result in a broadening of the major Chl absorption feature centred around 680 nm, causing a shift
in the slope and REP towards longer wavelengths [16]. Various techniques have been developed for
the extraction of REP parameters from different sources of spectral data with minimized estimation
error and improved performance.

This study aims to relate the leaf spectral reflectance to changes in plant physiological status
caused by biotic stress (viral infection) and to identify wavebands that best discriminate this disease.
Young potato plants, cultivar Armada, infected with Potato Virus Y (PVY) are investigated. Several
techniques have been applied and compared for accurate estimating of the REP, such as the
maximum of the first derivative, the Lagrangian interpolation method, the linear extrapolation method,
the first derivative main peak decomposition.

Spectral measurements

Young potato plants, cultivar Armada, grown in controlled greenhouse conditions were
investigated. Some of the plants were healthy (control) and some were infected with Potato Virus Y
(PVY). Leaf spectral reflectance data were collected from fresh detached leaves by a portable fibre-
optic spectrometer USB2000 (Ocean Optics, USA) in the visible and NIR spectral ranges
(450-850 nm) in 1170 narrow bands at a spectral resolution of 1.5 nm. The spectral reflectance
characteristics (SRC) of the investigated plants were determined as the ratio between the reflected
from the leaves radiation and this one reflected from the diffuse reflectance standard.
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Data analyses

The application of RS data for plant disease assessment is relying on adequate and effective
data processing techniques because they are intrinsically high dimensional. Especially when dealing
with hyperspectral data, in order to extract the largest amount of information data, processing and
analysis techniques are a crucial asset. The data processing methods used in this study are shown
in Table 1.

Table 1. Applied methods

REP technigue Equation Subject Reference
Maximum of first First derivative of

derivative of the SRC in [16]
reflectance spectrum interval 680 nm

(MFD) — 760 nm

First derivative of

Lagrangian the SRC in [16]
interpolation method interval 680 nm
—760 nm
Red line: First derivative of
. the SRC
Linear extrapolation NIR line: (680 Nm—694 nm [17]
and
724nm-760 nm)
First derivative main First derivative of | Used in
peak decomposition the SRC this study

1. Maximum of the first derivative (MFD)

First derivatives of the leaf reflectance spectra of healthy and infected potato plants were
calculated using the equation in row 1 (Table 1). REP is determined as a maximum of the peak in the
spectral range 680-760 nm. Extraction of REP, which is based on derivative analysis, minimizes
interpolation and computation errors; it is one of the simpler curve fitting techniques [18].

2. Lagrangian interpolation method

The Lagrangian technique uses three points interpolation for estimating REP. It is applied to
the first-derivative transformation of the reflectance spectrum. The technique fits a second-order
polynomial curve to three bands, which need not be equally spaced, centered around the maximum
slope position. A second derivative is then performed on the Lagrangian equation to determine the
maximum slope position (equations at row 2 in Table 1) [16].

3. Linear extrapolation

The linear extrapolation technique is designed to mitigate the destabilizing effect of the double
peak feature on the correlation between Chl and REP and track changes in slope near 700 nm and
725 nm, where derivative peaks (Fig. 1) occur [17]. The REP is calculated as the wavelength at the
intersection of two straight lines (Eqgs. at row 3 in Table 1) extrapolated through two points on the far-
red flank and two points on the NIR flank of the red edge (680—740 nm) first derivative reflectance
spectrum.

4. First derivative main peak decomposition

This method is applied when a double-peak feature is observed in the first derivative of the
reflectance spectrum. The position and amplitude of the peak around 700 nm can be used as an
estimator of the Chl content. The change in the amplitude of the second peak indicates the change of
the biomass or/and the internal structure of the cellular tissue. The first peak is greater when the Chl
effects dominate, which occurred during the initial and final stages of the plant cycle [19].

Results and discussion

The averaged SRC over all measurements (up to 30 areas) of healthy (control) and infected
with PVY potato leaves are shown in Fig. 1a). The spectral reflectance of infected leaves increased in
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Fig.1 a) Averaged spectral reflectance characteristics (SRC) of healthy and infected potato leaves; b) first
derivative curves of the averaged SRC of healthy and infected leaves

the green peak (500-670 nm) and decreased in the NIR range due to a reduction of the Chl content
and changes in leaf tissue. The first derivative curves in the range of red edge wavelengths (Fig.1b)
are shifted towards the shorter wavelengths because of the narrowing of the Chl absorption peak,
centered around 680 nm. This shift is an indicator of the reduction of the Chl content in leaves and for
changes in the physiological status of plants, respectively, for the presence of a disease. The spectral
distribution of REPs of the reflectance spectra of all measured areas of healthy and infected leaves,
obtained by the first derivative method, is shown in Fig. 2. Two separate clusters are being formed,
testifying to significant changes of data in the red edge spectral range. The location of the REPs and
the results of statistical analysis are given in Table 2.

Fig. 2. REPs of the reflectance spectra of healthy Fig. 3. REPs of the reflectance spectra of healthy and
and infected potato plants, cultivar Armada. infected potato plants, cultivar Armada.
The averaged REP values are shown by a black X. The averaged REP values are shown by a black X

The three point Lagrangian interpolation technique was applied to the first derivatives of the
reflectance spectra following the algorithm:

1. Wavelength Amax and the value of the maximum of the first derivative (MDF) at Amax were
determined;

2. Values of the first derivative of the reflectance spectra at wavelengths 10 nm before and
10 nm after Amax were determined,;

3. REPs were calculated by the equations in row 2 of Table 1.

The distribution of the REPs, calculated by the Lagrangian interpolation method, is shown in
Fig. 3. Similar to the results from the first method two clusters are separated. The calculated REPs
and the results from statistical analysis are given in Table 2.

Algorithm of the linear extrapolation method:
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1. The slope on the far-red flank of the first derivative reflectance spectrum in red edge was
extrapolated with a straight line through two points (680—-694 nm);

2. The slope on the NIR flank of the first derivative reflectance spectrum in red edge was
extrapolated with a straight line through two points (732-760 nm);

3. The REP was calculated as the wavelength at the intersection of two straight lines
(equations at row 3 in Table 1).

The REPs are shown in Fig. 4 and the results from the statistical analysis are given in Fig. 4.

Fig. 4. Red edge position of the averaged SRC of healthy and infected potato leaves, cultivar Armada,
obtained by the linear extrapolation method

Algorithm of the first derivative main peak decomposition (FDMPD):

1. FDMPD in the spectral range 670-770 nm was approximated by Origin software into two
peaks. The best approximation was accepted this one with a maximum coefficient of determination R2.
The wavelengths of the peak maximums are shown in Fig.5. The big peak position at 715 nm

Fig. 5. Red edge position of healthy and infected potato leaves, cultivar Armada, obtained by the first
derivative main peak decomposition method

to 720 nm is an estimator of the Chl content and it is shifted to the shorter wavelengths for infected
leaves with 2.28 nm. The change in the amplitude of the second peak indicates the change in cell

Table 2. Results from statistical analysis (Student’s t- test)

REP of SRC of .
REP of SRC of . Difference,

Method healthy plants, nm mfectendmplants, t stat p nm o1 o2
MFD 711.89 702.48 9.12 il -9.40 4.95 1.05
Lagrangian 712.67 709.14 6,74 wrk -3.53 2.45 | 0.82
interpolation

Linear 694.30 689.35 19.64 -4.95 105 | 071
extrapolation
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structure. The decrease of the amplitude and area of the first peak is related to the degradation of the
leaf pigments, more strongly to the Chl. The results from statistical analysis (Student’s t- test) of the
REP datasets of the SRCs of healthy and infected leaves are given in Table 2, where 1 and o2 are
the dispersions of the REPs distribution.

Conclusions

The red edge position of the reflectance spectra (680—740 nm) strongly correlated with the
foliar Chl content and was extracted and evaluated from hyperspectral data as a good estimator for
plant health. Four techniques for REP detection were applied and compared (maximum of the first
derivative, Lagrangian interpolation method, linear extrapolation method, first derivative main peak
decomposition). The best results were given by the Lagrangian interpolation method (the difference
between REPs of SRC of healthy and infected potato plants is 3.53 nm). The maximum of the first
derivative because of the destabilizing effect of the double-peak feature proved most inaccurate
(difference - 9.4 nm). The results demonstrate that hyperspectral reflectance data in the red and red
edge spectral ranges can be used to quantify the plant stress due to viral infection and related
changes in biophysical parameters.
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Pe3srome: B Hacmosiujama cmamusi ce u3crie0gam KpamKOoCpOYHUMeE meMriepamypHU aHoManuu Ha
Mopckama nosbpxHocm Ha Kacnulicko 3a nepuoda 1988-1999 eoduHu. M3cnedsaHemo ce ocHosasa Ha
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Abstract: This article explores the short-term temperature anomalies of the Caspian Sea sea surface
for the period 1988-1999 years. The study is based on daily satellite data for temperature zones. Some features
of the occurrence of short-term surface anomalies are considered.

Kacnumncko mope € eOuHCTBEHOTO HambiHO 3aTBOPEHO KOHTUHEHTaANHO Mope Ha 3emsaTta.
MopeTo 3aema Han-ronsiMata u Abnbdoka KOHTUHEHTaNHa Aenpecus B rpaHUUUTE Ha Har-obwmnpHaTa
B EBpona u Asua obnact Ha BbTpelweH CTOK. HMBOTO Ha MoOpeTo nexu Ha 28 m nof HYMBOTO Ha
okeaHa. Mo pasmepute cn Kacnuicko Mope e Han-ronemMmndaTt Ha 3emsTa 3aTBopeH BogoeM. HeroeaTta
nnouw, cbetaensea 18 % ot obwara nnow, Ha 3emMHuTe esepa. NnowTa Ha MopeTo € 4.5 NbTK no-
rornisiMa oT BTOPOTO MO roriemMuHa esepo B ceeTa — [opHOTO e3epo B CeBepHa Amepuka (84 100 km?)
[3]. 3a MopeTo e xapakTepHO cybmepuavanHo pasnonoxeHue. Haun-ronsmata My NpOTSXKHOCT OT
ceBep Ha tor e 1030 km, Ham-ronsma wupuHa poctura 435 km, a Han-mankata 196 km. [lo
AbnboymHa Kacnucko mope OTCTbNBa caMo Ha ABeTe Han-Abnbokn e3epa B cBeTa — bankanckoTo u
esepoTto TaHraHavka. CpegHata My AbnboymHa, npecmeTHaTta no 6apurpacuyHarta kpusa € 208 km.

Taka onvMcaHuTe reonorMyeckn XxapakTepucTMkM Ha MOPETO o NpaBAT MHOMO yAo6eH NOMNUroH
3a m3cnegBaHe Ha KpaTKOBPEMEHHWUTE aHoManuu B atmocdepara, chbHYeBaTa, reomMarHutHa u
censMmyHa genHocTu. MiameHeHuaTa Ha TemnepaTypHUTE MorieTa Ha MOBBbPXHOCTTA Ha MOpPETO ca
TSICHO CBBbP3aHW C eHepreTukata Ha cuctemata CnbHue-ATMmocdepa-OkeaH. lNpocneasiBaHeTo Ha
AVHaMMKaTa Ha TemnepaTypaTa Ha MOBBbPXHOCTTAa MOXE Aa CMyXW 3a MHOMKATOP 3a Bb3HUKHAmM
aHomarnHu npouecu B ATmocepaTta n O3oHocdepara.

3a ocHOBa Ha HaACTOSALLOTO M3CnegBaHe ca M3MNOoNi3BaHM [OaHHW 3a Temnepartypara Ha
MOBBPXHOCTTA HAa MOPEeTO OT cnbTHUKOBUTE nMnaTopmu Ha NOAA (HaunoHanHa agMuHMCTpauus no
aTtMmocdepa n okeaHun) Ha CALL [5]. CnbTHUKOBaTa cUCTEMa BKNIOYBA HAKOMNKO ornepaTuBHU, NONAPHU
CMbTHUKa, 06oOpyaBaHM C eAHOTUMHA anapaTypa, KoUTo NeTaT Ha 6nusku opbutn. TemnepaTypHuTe
AaHHW 3a HaseMHaTa MOBBbPXHOCT ce HabaBAT rMaBHO OT pagMOMETbpa C BWCOKA pasgenuTenHa
cnocobHoct AVHRR. MpocTpaHcTBeHaTa pasgenutenHa cnocobHocT Ha anapaTyparta € 1.1 x 1.1 km,
HO criep obpaboTka 3a noTpedbutenuTe KapTuTe ce CTPOST C pasgenuternHa cnocobHocT 9 x 9 km.
Cnen usnona3BaHe Ha MHOrOKaHanHW MeTOAM 3a aHamnu3 W MpunaraHeTo Ha OTHOCUTENHO CTPOru
npaeuna 3a oTbop Ha ,CMyTEHUTE” AaHHM Ce CTPONAT €XEeAHEBHN TEMMepaTypHU KapTu. TOYHOCTTa, C
KOSITO ca noctpoeHu kaptute e 0.3 °C.
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Ha noBbpxHOCTTa Ha MOpeTo ca u3bpaHW YeTUpU XapaKTEPUCTUYHW 30HU C pasMepu
116 x 116 Km2, pasnonoXeHN KakTo e nokasaHo Ha dur. 1. 3oHuTe Bsixa n3bpaHu ¢ ornen NPUETOTo
aeneHe Ha uamnko-reodusnyHo panoHnpaHe. B CpegHaTta 4acT Ha MOpEeTo ca onpeaeneHun ABe 30HU
(2 n 3) npegsna no-ronamMaTta NPOTAXKHOCT Ha panoHa. PasnonoxeHneto Ha 1 u 3-Ta 30HM cbBNaja ¢
reorpadckaTa wmpmHa Ha YepHo Mope. PasmepbT Ha 30HUTE € AOCTaTb4HO rofnsiM 3a Aa ce Hamanu
BNMSHMETO Ha Marsku Mo-pa3mMep, JoKanHW, aHoMarnHu akTopu KaTo HanuymMe Ha paskbcaHa
obnayHocT, 30HMTEe ca cpaBHUTENHO Aaned oT 6bperoBaTta uBMLA W Taka Ce CHWXKaBa Bb3JeNCTBUETO
Ha cywara.

~
v o P,
)/ nuK
} . ~ Il paza
S
i | dasa
N\
’ "z
o IZI ‘;v“ Ha4arno .
( OTHOCUTENHa
i = nukoBsa
= - « 1 = '.,
dur. 1 dur. 2

FoanWHUAT XO4 Ha MOBBPXHWHHMTE TeMnepaTypu € C SCHO OOyCnoBeH CEe30HEH XOpA,
XapaktepeH 3a BogHu 6aceriHn Ha cpegHu reorpadckv WwWnpuHu. Ha doHa Ha roguliHaTa kpusa Ha
TeMnepaTypuTe ce OTKpOsiBaT KPATKOBPEMEHHW MMKOBW OTKIIOHEHWS Han-Beye B MOCOKa Ha
noBuvLIaBaHe Ha Temnepartypara. Tean NMKOBN N3MEHEHMS CE ONpeaensaT KaTo aHOMarHW OTKIIOHEHMS
U ca npeaMeT Ha HacToswms aHanu3. Ha dwur. 2 e nokasaHa egHa TakaBa aHomanuda. Ypes
WHTEpaKTUBHA NporpamMHa cuctemMa ce onpenensaTt HayanoTo M Kpaw Ha aHoManuaTa u ce onpeaensit
HSKOJIKO NapamMeTbpa Ha MHOUBMAYyanHaTa aHoManms.

AHOManuaTa ce pasfenst Ha [Ba BpeMmeBM oTpsa3bka — | asa, pasa Ha nosuwaBaHe Ha
TemnepaTtypata u Il dpasa, dasata Ha cnag, CbOTBETHO C BPEMEHATa Ha HapacTBaHe M crnajaHe Ha
TemnepaTyparta. lNpecMmaTat ce rpaguMeHTUTEe Ha HapacTBaTe W cnajaHe KaTo cpefHu 3a Mexay
OHEBHUTE rpagueHTn B pamkuTe Ha asata. Onpegensa ce M eavH OTHOCUTENEH napamMeTbp —
OTHOCUTENHa MUKOBa CTOMHOCT. ToBa € MaKkCMMariHOTO OTKMOHEeHWEe Ha TemnepaTypaTta CchnpsiMo
€BEeHTyanHna HopMarneH Ce30HEeH X0 Ha TemnepaTtypaTa. Taka onpeaeneHvute UHAUBMAYyasHU
XapakTepPUCTUKM Ce 3anucBaT B roguHn hainose u crnef ToBa ce 06paboTBaT CTaTUCTUYECKM.

B HacToswoTo nscneasaHe e obxesaHat nepuod oT 11 nbnHM roguHn — ot 1989 go 1999
roavHa u ce 6asupa M3usano Ha CMbTHUKOBM AaHHM. [Mpe3 kbCcHaTa eceH, 3umarta 1 paHHaTa nponet
obnavyHoCcTTa Ha MOPETO € 3HAYUTENHA U HE MOXe Ja Ce OTCTPaHUu BIMSIHUETO U BbPXY TOYHOCTTa
Ha onpedensHata TemrepaTtypa Ha MOBbLPXHOCTTA Ha BoAdaTa. 3aTtoBa M3crefBaHEeTO BKIYBa
nepvoga ot 31.03 go 22.10 Ha cboTBETHATa rognHa — nepuopg npes KoOMTo TemnepaTypHuTe noneta
ca gocTtatb4Ho Jobpe onpegenexu.

OCHOBHUTE XapaKTepPUCTUKN Ha OTKPUTUTE aHOManuu ca Bedve nybnukyeaHu [4]. BpemeBute
rpaHuUM Ha onpefensHutTe aHoManuu ca oT 3 Ao 15 aeHoHowwms. o kpaTkuTe OT 3 OEHOHOoLWMSA
aHoManuMM € MHOro TpyAHo Aa 6baat maeHTUdMUMpaHu U U3UCKBAT NpeuunsHa WHAMBMAYyanHa
obpaboTka. HabnogaeaT ce n aHoManum ¢ NpoabIMKUTENHOCT oT 16, 17 n 18 geHoHOLWMSA HO TsXHaTa
nosiBa Ce OLEeHsIBa KaTo enu3oaMyHa U He ce BK4YBa B aHanusa. bpost Ha aHomanunte C
NPOABIMKUTENHOCT No-roniiMa oT 11 AeHOHOWMA ca MHOro Manko u moraT ga 6baart MskroyeHu oT
rpynosaTta obpaboTka.

3a eguHapeceTTe roguHu B nepuoga 1.05-20.10 6posT Ha aHOManuUTe ¢ NPOABLIHKUTENHOCT
0o 11 pgeHoHowma e cnegHua: | 3oHa - 87, Il 3oHa - 88, Il 3oHa - 112 n IV 3oHa - 152. Bbpxy
rpacdukmTe C Xxo4a Ha TeMnepaTtypaTa Ha usanarta akBatopua mMoraTt ga ce nokanuaupar 77 aHomanuu.

3aBuweHnaT 6port aHomanuu B IV 30Ha ce ObJPKU Ha MO-IOXXHOTO U Pa3nonoXeHne, KbAeTo
METEOPOJSIOTMYHUTE MPOMEHN Ca MO-ONUHAMWYHM U CbOTBETHO Ge3obnadHmTe gHM noBeye. 3a ronsma
yacTt oT aHomanuute B |V 30Ha No CbLOTO Bpeme He ce HabnigaBaT aHOManvMm B OCTaHanmMTe 30HMW.
MankuaTt obw, 6poi Ha aHOManuuTe 3a usnata akBaTopusi ce 0bsicHABa ¢ edbekTa Ha ,3ama3BaHe”
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npu ocpeaHABaHETO Ha NUKCENHUTE TeMnepaTypu Ha CUMHO MPOTSXKHUAT MO NOCOKa CeBep-tor MOPCKU
BacenH.

3a HyxauTe Ha aHanu3a BpemeBus nepuog ot 1.05 go 20.10 e pasgeneH Ha 17 nHTepsana ot
no 10 aHu BCcekn. Taka € MOoMny4yeHO XMCTOrpamMHOTO pasnpedeneHve Ha aHomanuuTe BbB BCEKU OT
JeceToHEBHUTE UWHTepBanu. M3cnegBaHeTOo Ha perpecuoHHUs KoedUUMEHT [ MNpy  pasnunyHu
perpecruoHHM 3aBUCUMOCTH 3a 30HMTE U LanaTa akBaTopus e nokasaHo B Tabnvua 1.

Tabnuua 1
3oHa \ opmyna Jinnenna | KBagpatmyHa | KybuyHa
I 0.308 0.764 0.766
Il 0.315 0.469 0.519
1 0.178 0.629 0.629
W 0.122 0.424 0.425
Liana akesatopus 0.083 0.546 0.570

WHTepnpeTaumsaTa Ha kopenaunoHHUs koeuumeHT Ha MnpceH e cnegHarta [1] :

0.70 <r < 1.00 - mHoro ronsima Kopenaums
0.50 <r<0.70 - ronama kopenauug
0.30 <r<0.50 - cpepnHa kopenauus
0.10<r<0.30 - cnaba kopenauus

Ot Tabnuua 2 ce BwxAa, Ye BuAa Ha pasnpederieHMeTo Ha aHoManuMuTe MoXe ga ce
onogobu Ha KBagpaTUYHO UM KyBu4HO. Mnn Bb3HMKBAHETO Ha aHOManuMuMTe BbB BPEMETO LUEe MMa
kambaHoOBMAEH BUA C BPpbX Ha kambaHaTa OKONO cpefata Ha W3cnedBaHus nepuog — cpegaTa Ha
natoto. TakoBa pasnpedeneHne € O04YakBaHO C orfne roAuMlHUS Xo4 Ha TemnepaTtypuTe Ha
NOBBPXHOCTTA HA MOPETO — TOW NOAOOEH N € C MaKCMMYM OKONO cpeaarta Ha NisaToTo.

CToMHOCTTa Ha KopenaumoHHUAT koeuumneHT Ha MpcbH 3a NapanenHocT B AuHamMukaTa Ha
nosBaTa Ha aHoManuu 3a YeTUpPUTE 30HM U 3a LAnaTa akBaTopusi U Moka3a B KopenaumoHHaTa
mMaTtpuua Ha Tabnvua 2.

Tabnuua 2
I Il [l [\ Lisana akBaTopus
I 1 0.593 | 0.377 | 0.131 0.140
Il 0.593 1 0.372 | 0.268 0.22
Il 0.377 | 0.372 1 0.519 0.729
v 0.131 | 0.268 | 0.519 1 0.616
Llana akBatopua | 0.140 | 0.220 | 0.729 | 0.616 1

Ot maTpuuarta e BMAOHO, Ye He CbLUeCTBYBa Kopenauns Mexay Bb3HUKBAHETO Ha aHOManuu B
I n 11 30HM 1 Te3n B IV-Ta 30Ha. NpnynHaTa Ha-BepOATHO € B oTAanevyeHocTTa Ha 3oHa IV oT 30HM | 1
Il 1 nognoxeHocTTa MM Ha pasnNUYHM MEeTeoposiorMyHn npouecu. Koeto He o3HayaBa, 4ve €
3a0bIDKMTENHO MEXaHU3MUTE 3a Bb3HUKBAHETO Ha aHOManuuTe fa ca ca pasfvyHu 3a 3oHu | n I, oT
efHa ctpaHa u 3oHa IV oT gpyra.

Huckata kopenauust mexay 3oHuTe | 1 Il n uanata akBaTopusi MOXe fa ce 00sicHM ¢ gocTa
no-ronemus 6poit aHomanuu B IV-Ta 30Ha.

Ha durypa 3 e nokasaH cpegHO roguLlLIHMS peyeBn CTOK Ha BoauTe B Kacnuiicko mope. [Npu
CblNocTaBkaTa Ha xofa Ha BOAHWUS CTOK C AMHaMUKaTa Ha Bb3HUKBAHETO Ha TemnepaTypHuTe
aHoMarnuum Ha usanaTa noBbPXHOCT Ha MOpeTo ce nornyyasa koeduuneHTt Ha MNupcbH 0.136, unu nodtu
He CblLEeCcTByBa kopernauus mexay nBete saAneHusi. CnegoBaTeniHO BOAHMSI CTOK HE € CBbp3aH C
npoLiecuTe Ha reHepauns Ha KpaTKOBPEMEHHUTE TEMMEpPaTYPHU aHOManuu.

Ha chur. 4 e cpegHoroanHna xon Ha U3NapeHMeTo OT NOBBbPXHOCTTa Ha Kacnuicko mope [5].
Kopenauusita ¢ Bb3HMKBAHETO Ha aHOManuuTe ce mamepsa C KoedumumeHT Ha [MpChbH paBeH Ha
0.259 vnn Ha rpaHuuaTa Ha cpegHaTa u cnaba kopenauus. B criyyas e Ha nvue Bb3AencTBMe Ha
noBuLIeHaTa TeMnepaTypa Ha aHoManuTe BbPXYy NpoLueca Ha u3napeHu. Ho Ton BbB BCUYKU Cryvau €
MHOIO MarnbK.
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FogvwHMTe BamneXHW CyMuM Hag MOPETO ca MokasaHu Ha dur. 5. Kopenauusita um ¢
Bb3HWKBAHETO Ha aHOManuW e oTpuuaTerniHa M Marko Haf npara Ha cpegHaTta kopenauus — 0.332.
JlorvkaTa Hanara ga ce npueme Tasu oTpuuaTenHa Bpb3ka — BarieXxuTe ca rnoBeye npu o6rayvyHo
BpemMe, a Toraea WUnv He Bb3HUKBAT MONOXUTENHM TeMMepaTypHU aHOManuu UM ako Bb3HMKHAT He
mMoraT Aa 6baaT HabnogaBaHu.

mm crnon

MeceL,

mecey ] _/

odur. 5 odur. 6

Ha dour. 6 e nokasaH eguH MHOTO HTepeceH NapameTbp Ha Kacnuiicko Mope — BEPTUKANHOTO
ABWXEHWe Ha BoaHaTa NoBBbPXHOCT Ha UANOTO Mope npe3 roguHaTta. KopenauMoHHUSAT KoedULMUEHT e
0.436 1 nokasea cpedHa, ctabunHa kopenauusi. [lJa ce TbpcU MPUYMHHO-CNEACTBEHA Bpb3Ka C
reHeaunca Ha TeMmnepaTypHUTE aHOMarnuu Ha MOBbPXHOCTTA € MHOro CMeno AeWCTBMe, Tbi KaTto
MEXaHWYHOTO NOBAMraHe Ha HWBOTO Ha BodaTa Ha LAnaTa NMOBBbPXHOCT HE e cxodHa C ronamara
AMHaMKKa Ha nosiBaTa W M34e3BaHeTo Ha TemnepaTypHUTe aHoManuu.

B 3akntoyeHne morat ga ce HanpaBAT crnegHnTe n3Bogu:

1. reHean,I/IFITa Ha KpaTKOBpPEeMEeHHUTEe TemnepaTtypHum aHomMmalimm Ha MNOBbPXHOCTTa Ha
Kacnuiicko MOpe He e eHaKBa N egHOBpeMeHHa BbpXYy udanaTta NoBbPXHOCT Ha MOPETO.

2. N3cnegBaHuTe nNpoLecu: Barnexu, u3napeHue, BoAeH CTOK M AMHaMMKa Ha HUBOTO Ha
MOBbPXHOCTTA He ca Cped [rfaBHUTE NPUYMHM 3a Bb3HMKBAHETO HA TeMnepaTypHUTe
aHoManuu.
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Pe3tome: [MpedcmageHu ca HSKOU 2pewku 6 morozpagckume kKapmu, ompasseawju palioHa Ha
Hukynuuen u eoeHHus nazep Ha Acnapyx u Tepees. M3nonseaHu ca camenumHu U3obpaxeHus 3a KopuaupaHe
Ha omKkpumume apew ku..

SOME ERRORS IN NICULITEL TOPOGRAPHIC MAPS

Ivan Dimitrov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: idiimitrov@space.bas.bg

Keywords: Topographic maps, errors, Niculitel , Asparuh, Tervel

Abstract: Some errors in the topographic maps reflecting the Niculitel area and the Asparuh and Tervel
military camp are presented. Satellite images are used to correct errors detected.

BbBeneHue

WcTopuuecknTe hakTn, cBbp3aHn CbC Cb3gaBaHeTo Ha Obnrapckara Abpxasa M nepvoa Ha
ynpaBneHve Ha xaHoBeTe Acnapyx u Tepsen ca cnabo oTpaseHW BbB BU3AHTUNCKUTE XPOHWKWU U
CbBpeMeHHUTe Obnrapckm wuctopuyecks wuscnegBaHus. PopTUHOUKALMOHHOTO CbOPBXEHUEe Kpamn
c.Hukynuuen, obnact Tynuya npu yctueto Ha p. [lyHaB, ce cuuTa 3a narep Ha xaH Acnapyx u e
nbpBaTa 6bnrapcka cronuua Ha bankanute. Ha HAkou oT TonorpadcknTe KapT narepbT e oTbensdsaH
kato “Ban Ha TpasH”. [MbnHoO nscnegsaHe u kaptorpadumpaHe Ha UanoTo OTOPaHUTENHO ChbOpbXKEeHne
e n3BbpweHo npe3 1917 roguHa ot Kapen LWkopnun. B oTyeta 3a npoyyBaHeTo Tow oTGens3ea, ye
Hukynuuenckusa narep e AcnapyxoBuat narep “Onrbn”. JlarepbT vma obwa nnow, Hag 50 km?2. u
nepumetbp Hag 30 km. ToBa e Haun-ronamMoTo POPTUPMKALUMOHHO CbOPBXEHUE B UCTOPUSATA Ha
Obnrapckata AbpXKaBHOCT.

OcHOBeH M3TOYHMK Ha WHdopmauma 3a AcnapyxoBusi BOEHEH narep npegcTaBnssar
TonorpadpckuTe BOEHHU KapTu, oTpassBalum gentaTta Ha peka [yHaB. Cpef Tsix 0cobeHo 3Hauumu ca
PYMBHCKMUTE U PYCKU BOEHHM Tonorpadyckv KapTu, XapaKTepuanpalln ce C BUCOKa TOYHOCT U cTeneH
Ha noapobHoCT. [epmaHCKMTe BOEHHUM KapTu ce sBsBaT OOHOBEHO KOMME Ha PYMbHCKUTE
Tonorpadcku kapTu U NOTBbpXKAABaT 0Tbens3aHuTe BaXXHW 0COBEHOCTU. ABCTPOYHrapCcKuTe BOEHHM
Tonorpadcku KapTn oT kpas Ha 19 1 HavyanoTo Ha 20 B. ca NbpBUTE TOYHW U AeTannHu cBuaeTencraa
3a MeCTOMONOXeHNeTo, pa3mepa U ocobeHocTuTe Ha AcnapyxoBus BoeHeH narep. OcobeHo MACTo
cpen ApyruTte KapTu 3aemMaTt pyMbHCKUTM BOEHHU Tonorpadpckn KapTu OT HavanoTto u kpas Ha 20 Bex.
Te ce xapakTupusupaT C ronsiMa AeTaurnHoCT M TOYHOCT Ha m3obpaseHaTta mHdopmauus. besueHHn
KaTo M3TOYHWMK Ha nHdopmaums ca kaptute ¢ mawab 1:20 000 ot 1917 r., Ha kouTO e u3obpaseH
BBHLUHUA Ban Ha AcnapyxoBus narep Kpam ¢. Hukynuvuen, 4yacT OT BbTpeluHaTa BanoBa CTPyKTypa U
OCHOBWTE Ha ABe ronemu noctponku ¢ pasmep 100 Ha 200 m.
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Hsakou rpewkn B TonorpadgckuTte KapTu

Mpn n3cnegsaHe Ha n3obpaseHaTa nHGopmMaLmsa B TonorpapckMTe KapTu U CpaBHABAHETO C
WHpopMaLmsaTa OT CaTeNUTHUTE CHUMKM C BUCOKO paspelleHue Ca KOHCTaTMpaHW HSKOW FpeLuku B
TONOrpacdpCKOTO 3acHEMaHe Ha IroM3TOYHUSA UM M3TOYHUSA Ban Ha BbHLIHATa BanoBa CTPYKTypa
(BBHLWHMA narep) Ha POPTUPUKALMOHHOTO CbOPBXKEHNE. Te3n rpeLLkn ce NoBTapsiT BbB BCUYKN KapTu
oT 1884 po 2013 r. u mpomuanuaat oT Tonorpad)CKkoTo 3acHemaHe Ha [obpymka npes3 nepuopa
1880-1884 r. KpanctBo PymbHus cnep 3aB3emaHeTro Ha [oOpymka oTr OcmaHckata mmnepus
n3BbpluBa Tonorpadcko 3acHeMaHe ¢ Mawab 1:10 000 c uen npogaxba Ha 3emenencka 3emMsi Ha
HoOBO3aceneHuTe nogaHHuumM. BepoaTHO npu ToBa 3acHemaHe B HEMPOXOAMMMWTE BEKOBHW ropu Ha
HuKynuuenckoTo nnaTo ca Bb3HMKHaNIM BbAPOCHUTE TPELUKM U Te ca PEensIMKMpaHy MHOFOKPaTHO B
TonorpadckuTe KapTu Ha MHoro abpxasu (KpanctBo PymbHusA, Pycus, Nepmanns, BenukobputaHus,
CAL, Ascto-YHrapusa, CCCP u PHP). lNocnegHata pennuka Ha rpeLukuTe ce nosesiBa B kapTute 3a
ypbaHusaumna Ha Hukynuuen ot 2013 r. OcHoBata 3a cb3gaBaHe Ha MHEOPMALMOHHUA Crion OT
BbHLIHaTa Banosa cTpykTtypa (ot 2010 r.) Ha kapTaTa 3a ypbaHusaumst e pymbHCkaTa Tonorpadcka
kapTta ¢ mawwab 1: 20 000 kaTo TS CbLUO € HOCUTEN Ha BbMPOCHUTE rPELLIKU.

3a KkopurMpaHe Ha BbHLUHaTa BarnoBa CTPYKTypa Ha POPTUMPMKALUMOHHOTO CbOpPBXKEHUE €
M3non3BaHo caTenuTHo nsobpaxeHne IKONOS ¢ pasgenutenHa cnocobHocT 2 m/pix. Mpwu WwWnpuHa Ha
Bana oT 24 m ToBa caTenuTHO M3obpaxeHue npeacTaBs NogpobHO HeroBuTe ocobeHoCcT M OaBa
Bb3MOXHOCT 3a NpaBUITHO KapTorpadupaHe Ha HroOM3TOYHUS U M3TOYHMA Ban Ha dopTudurkaumaTta.
BanbT e gobpe pasnuumm 1 Ha catenutHuTe mnsobpaxeHusa ot ,SENTINEL 2 A, B ¢ paspelueHue
10 m/pix. 3a n3cnegBaHe Ha 0cobeHOCTUTE Ha Bara B FrOPCKATE MacuBU Cca MoaxXogslM 3VMHUTE
CcaTeNUTHU CHUMKM NpuW fiMnca Ha fIMCTHa maca, rofieMu CTOMHOCTU Ha CITbHYEBUS 3€HUT U Hanunyune
Ha yObIDKEHW CeHKn Ha obekTuTe. MNMpaBMNHOTO OTpassiBaHe Ha BanoBaTa CTPYKTypa LLEe NPOMEHU U
MECTOMONOXEHNETO Ha Cb3dafdeHus npegnaseH pnByctpaHeH Oydep or 500 m B nnaHa 3a
ypbaHnsauma Ha Hukynuuen.

PYMBHCKA TONOMPASCKA KAPTA M 1:20 000 - 1917 CHAHECEHA +
KOPEKUMA HA BBHWHUA NATEP

7 s Ll
N/

1:24000
dur. 1. PymbHcka Tonorpadcka kapta — 1917 r., M 1:20 000
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PYMBHCKA TOMOMPASCKA KAPTA M 1:100 000 - 1912 C HAHECEHA +
KOPEKUMSA HA BBoHWHNA NATEP

®ur. 2. PymbHcka Tonorpadycka kapta — 1917 r., M 1:100 000

FEPMAHCKA TONOMPADCKA KAPTA M 1:100 000 - 1917 C HAHECEHA
KOPEKUMA HA BBHWHWA NATEP

1:24000

our. 3. MNepmaHcka Tonorpadcka kapta — 1917 r., M 1:100 000
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Fepmancka Tonorpadexa kapra M 1: 25000 - 1917 ¢ nanecena 1
KOPEKUMA HA BLHIEHNA Narep -‘L

O IO
HED X Aty s

I~

dur. 4. Ml'epmaHcka Tonorpadpcka kapta — 1917 r., M 1:25 000

Tonorpadpcka kapra Ha PKKA M 1:100 000 - 1944 ¢ nanecena +
KOPEKLMA KO BLHIWHKA NArep

dur. 5. Tonorpadcka kapta Ha PKKA, CCCP — 1944 r., M 1:100 000
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BpUTAHCKO - AMepHKacKa Tonorpadpexa kapra M 1:100 000 <1844 ¢ A
HANONEHA KOPEKLNA HE BLHWHHR Narep +

—
e 0375 075 15 22§ 3
1:25000

dur. 6. BpuTaHcko - AmepukaHcka Tonorpadcka kapta — 1944 r., M 1:100 000

Fenep nnax 3a ypbanusauma Ha Hukynuuen or 2013 r.¢
HAHECEHA KOPEKUMA HA BLHWHWA narep

1:24 000

our. 7. Ml'eHepaneH nnaH 3a ypbaHmsaums Ha Hukynuuen - 2013
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3akno4yeHue

M3BbpLUEHUTE KOPEKL MU Ha rpeLlkMTe B Tonorpadckute kapt Ha Hukynuuen nossonseart ga
Ce Ccb3faBaT TOYHW MHGOPMALMOHHWN CnoeBe, OTpassaBallM peanHOTO pasnonoXeHue Ha BanosaTta
CTpyKTYypa. IHhopmaLmMoHHUTE crioeBe ca B OCHOBATa Ha TEMaTUYHUTE KapTu 1 TOBa Lue NoanoMorHe
ObaewnTe CbBMECTHN M3cneaBaHusa Ha PopTUPUKALMOHHOTO CbOPBXKEHUE OT PYMBHCKM U Bbnrap-
CKU YYEHWU.

Nureparypa:

PymbHcka Tonorpadcka kapta — 1917 r., M 1:20 000.

BputaHcko - AMepukaHcka Tonorpadcka kapta — 1944 r., M 1:100 000.
eHepaneH nnaH 3a ypbaHusaumsa Ha Hukynuuen - 2013.

PymbHcka Tonorpadycka kapta — 1917 r., M 1:100 000.

"epmaHcka Tonorpadcka kapta — 1917 r., M 1:100 000.

"epmaHcka Tonorpadgcka kapta — 1917 r., M 1:25 000.
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Pe3tome: [pedcmaseHa e ecKu3Ha PEKOHCMPYKUUS Ha MPUKOHXarHa Ubpkea kpal Hukynuuen e
palioHa Ha Oeopeua Ha Acnapyx u Tepeen. M3nomnseaHu ca cameslumHuU U300paxeHus, uugpos modesn Ha
penegha, monoepaghbcku kapmu u dpyaa npusioxHa UHgopmMayusi

TRICONCH CHURCH IN THE AREA OF CITADEL NEAR NICULITEL

Ivan Dimitrov
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e-mail: idimitrov@space.bas.bg

Keywords: Sketchy reconstruction, triconch church, Niculitel, Asparuh, Tervel.

Abstract: The paper presents sketchy reconstruction of triconch church near Niculitel in the area of
Asparuh and Tervel palace. Satellite images, topographic maps, digital elevation model and other applied
information are used.

BbBeneHue

OcTaHkuTe OT OCHOBUTE Ha TPUKOHXanHa UbpkBa B panoHa Ha Kpenoctta (OBopeua Ha
Acnapyx n Tepsen) kpa Hukynuuen ca paskputu nNpy apxeornornyecku paskonku npes 1953—-1954 r.
oT Vlon BapHs Ha pascTosiHne 50 m oT ceBepHaTa YacT Ha BanoBaTa cTpykTypa. LibpksaTa nma obuia
AbIDKMHA OT 6 M, AMameTbp Ha M3TOYHaTa koHxa (abcvaa) 1,9 m 1 Ha loKHaTa 1 ceBepHaTa KOHxa —
1,7 m. CteHute Ha ubpkBaTta BapupaT oT 0,6 go 0,7 m. OcHoBUTE Ca MOMOXEHW BbpXy CkanHaTa
OocHOBa Ha pvaa 6e3 KaMeHeH 3ug 1 ca U3rpageHn OT napyeTa PUMCKU Tyxnu CNoeHn ¢ XxopocaH. Ha
15 m oT ubpKBaTa ca HaMepeHN OCHOBU HA MOHALLECKM KUMWNIA, BEPOATHO YacT OT MaHacTup.

LibpkBaTa M LEnuWsT MaHacTUpCKM komnnekc ca gatvpann ot XI-XIlI Bek. WMo BapHsi ro
patvpa oT BToparta nonosuHa oT Xl B. B ocTtaHkuTe OT nopgoBaTa HacTurka U B OCHOBUTE Ha
UbpKkBaTa Ca HaMEPEHW PUMCKM TyXNM C neyata Ha PUMCKUSI TpaHU4eH nervoH, GasvpaH B
HosuogyHym (Ucak4ya) - Leg. | lovia Scythica [1].

B ceBepousToyHaTa yacT Ha BbHWHKUA rpag Ha lNnucka ce HamupaT OCTaHKUTe Ha Marka
TPUKOHXanHa KynorHa LubpkBa, oTbens3aHa Ha MraHa Ha apxeonorMvyecknte pasKomnkuM KaTo
Homep 28. OcHoBWMTE Ha UbpKaTa ca AbarM 6 m m wupokn 6,50 m. ApXUTEKTYPHOTO peLleHune
BKITIOYBA HAOC OT TPU €4HAaKBU MO AMaMeTbp KOHXM 1 NpUTBOP. 3anagHOTO NPaBObIbIIHO 3aCBOAEHO
NPOCTPaHCTBO € MPOAbJKaBano C HaoC M BpaTa OT ceBepTaTta acaja. TpuTe egHakBU KOHXM ca
noabpXanu Kynon Bbpxy uunuHapudeH 6apabaH. NogoBata HanTunka ce e CbCTosiNa OT KBagpaTHU
TYXNn B pUMCKM CTuI. MankuTte pasmepu Ha ubpkBaTa U HEMHOTO pa3nonoXeHue BbB BbHWHUA rpag
Ha lnucka nogckaseat, Ye TA MOCTPOeHa 3a fa obcnyxBa AYXOBHUTE HYXAM Ha Marnka rpyna oT
HacerneHueTo, HaMMnpaLlo ce B nepudepudTa Ha rpagckaTa epapxumsi.

AHanaro4yHu TpUKOHXanHM UbPKBM MMa B XbpBaTtcka - Janmauus. Libpksata CsB. Toma pgo
Bbpwu 6nu3o go HuH e makcMmanHo 6nmska Mo apxXUTEKTYPHO pelleHne o Te3u B [nucka u
Hukynuuen. 3anaseHu ca OCTaHKM OT OCHOBMTE M 4YacT oOT 3upapudata. W3sbpueHn ca
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apxmnonormyeckn YactnyHm pascnegsaHus ot Lnme BatoBuy npe3 1961 r. KbMm gHeweH geH ca
nsgurHaTu cteHn okono 1 m Hag kota ,0“ [4].

@ur. 1. MNnaH Ha KpenocTtTta oT I'Iarlq)mn [MoNoOHUK 1 pa3nonoXeHWeTo Ha TPUKOHXaNHaTa Lbpkea
no MoH BapHsa — 1953-—1954 . [2]
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dur. 2. Mnan Ha KpenocTtTa (aBopeubT Ha Acnapyx u Tepsen) no K. WWkopnun - 1917 r. [3]
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Flg. 13 — Nicolitel, Urmels
temnelitlor bisericil.

Fig 14 ~ Pliska. Plami
biserich or. 28,

dur. 3. MNnaH Ha TpukoHxanHaTa ubpkea B [nucka - Homep 28 1 cnegn OT OCHOBUTE Ha
TPUKOHXanHaTa ubpkBa B paoHa Ha Kpenoctta — Hukynuuen [5]

owur. 4. UbpkeaTa Cs. Toma o Bbvpum 6nm3o go HuH

PeKoHCTPYyKUMA Ha TPUKOHXarHaTa bpKBa

EcknsHaTa pekoHCTPYKLUMS Ha TpWKOHXanHaTa UbpkBa kpal Hukynuuen npegnonara pa ce
oTYMTaT pasMepuTe, apXUTEKTYPHUTE PELUEHUSI U U3MON3BAHUTE CTPOUTENHU TEXHUKU OT OPEBHUTE
mMancTopu. OCTaHKMTE OT OCHOBUTE Ha LibpKBaTa MNokassaT pasfiMyHu pa3Mepu Ha CeBepHa U toXkHaTa
KOHXa OT pasmepuTe Ha abcupaTa (M3TOYHATa KOHXa), CbOoTBETHO 1,7 u 1,9 m. MNpu nsrpaxgaHe Ha
KPBbCTOKYNOMHM LbpKBU abcuaaTta v ABETEe KOHXM MMaT efHakBu pa3mepu. ToBa AaBa Bb3MOXHOCT
TPpUTE €dHAKBM KOHXM [a MoAbpXaT Kynon BbpXy UuMnuHapuydeH GapabaH. Mpu apXUTEKTYpHOTO
pelleHne Ha LbpKBaTa B paioHa Ha Hukynuuen ToBa YCNOBWE HE € M3MbIIHEHO U MOXe Oa ce
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npeanonoxu, Ye ubpkeata e 3acBofeHa u 6eskynonHa. Hanuumeto Ha pasnuka B pasmepuTe Ha
ocHoBuTte, Bapupalim ot 0,6 go o 0,7 m, nuncaTta Ha KaMeHHU 3MO0BE U U3rPaXXaaHeTo Ha OCHOBUTE
OT napyeta pPUMCKM TyXnM MoAackasBaT 3a efHa HecTpora CTpouUTEeNHa TexHuKa, KOATO CblUO
npegnonara 3a nunca Ha kynon. Tpa6bsa aa ce otbenexu, 4Ye CbLLECTBYBAT U U3KMIOYEHUSA Ha TOBa
npaBumno 1 He crneaBa [a ce MU3KMIYBa U HaNUYMeTOo Ha Kynor.

L

1

1
Rk
b

¥

L

N

®ur. 5. EckM3Ha peKOHCTPYLMS U CHUMKA Ha OCTaHKU OT OCHOBUTE
Ha TpUKOHXanHaTta Lubpkea
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W3IJIE]] OT 3AIIAJL

our. 6. EcknsHa pekoHCTpyUMs Ha TPUKOHXanHaTa Ubpkea
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dur. 7. PasnonoxeHue Ha ecknusHaTa PEKOHCTPYKLMS BbpXy Tonorpadgcka
KapTa u catenuMTHa CHUMKa

3akntoyeHune

MpencTtaBeHaTa eckuM3Ha PEKOHCTPYKLMSA To3BoNsiBa Aa Ce MofyydyM NpocTpaHCTBeHa
npeacTaea 3a TpUKOHXanHaTa Wbpkea kpait Hukynuuen B paiioHa Ha aBopeua Ha Acnapyx v Tepsern.
Pesyntatute moraT [fOa ce W3Mon3BaT OT apxeosio3n, MCTOpvUM, OOKTOpaTHU U CTYAEeHTU B
uscrnegoBaTerncka AefHOCT Ha TepeH U B NpoLec Ha 06yYeHve.
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Abstract: In this paper, recent experimental results are described and analyzed, concerning the
distribution of the aerosol load in the near-surface atmospheric layer above Sofia City. The measurements were
performed at the Laser Radar Laboratory of the Institute of Electronics of the Bulgarian Academy of Sciences using
laboratory Light Detection And Ranging facilities (LIDARs). Urban and suburban areas were examined, located
near and far from sources of air pollution of different aerosol types. The results obtained are presented as polar
diagrams of the aerosol backscattering coefficient distribution superimposed on the map of Sofia City region. In
addition, color maps in range-time coordinates are also displayed and analyzed, showing the temporal dynamics of
the near-surface aerosol density distribution along fixed lidar-measurement directions crossing the investigated
areas. In some of the regarded cases, the lidar backscattering coefficient data obtained are calibrated using data
of in-situ measurements, allowing one to determine the spatial distribution of the aerosol mass concentration and
the zones where it exceeds the permissible limit values. Expectedly, we found that the aerosol mass concentration
reaches maximum values near industrial sources of pollutants and over heavy-traffic zones. The results might be
of importance to the city authorities, providing them with fast and range-resolved information about air pollution
levels over broad urban areas.

NVOAPEH MOHUTOPUHIT HA NMPU3EMHUA AEPO3O0OJIEH CbCTAB
HA ATMOC®EPATA HALl1 CO®PUA

Tana Opanwy, 3axapu MNMeweB, UBaH Npuropos, JlioaH Mspaes, AtaHacka [eneBa,
Feopru Konapos, umutbp CTOosIHOB

WHcmumym no enekmpoHuka — bbrizapcka akademusi Ha HayKume
e-mail: tanjad@ie.bas.bg

Knrovoeu dymu: Aeposon, nudap, ckaHupaw, nudap, nudapHo KapmoepaghupaHe Ha npuseMHume
ammMocghepHU crioeee, KOHMPOJT Ha amMocghepHUMe 3aMbpCsI8aHUs

Pe3rome: B pabomama ca onucaHu U aHanu3upaHu HSKOU MocredHu ekcriepuMeHmarHu pesynmamu
OMHOCHO pa3srpedesieHUemo Ha aepo30/IHama HamoeapeHoCm 8 Npu3eMHuUsi ammocghepeH crol Ha epad Cogusi.
UsmepsaHusima ca ussbpuwieHU om ekun Ha nabopamopus ,JlazepHa Jlokayus” Ha IHcmumyma rno EnekmpoHuka
kbM bBbnzapckama Akademusi Ha Haykume, usnonsysalku nudapHume ycmaHo8KU Ha nabopamopusima.
U3cnedsaHu ca epadcku U u3ebHepadCKuU 30HU, pa3srornoxeHu 8 6ruzocm Ao unu omoanedyeHu om U3moYyHUUU Ha
pasnuyHU aepo30siHU 3amMbpcsieaHus. [lonyyeHume pe3ysimamu ca u3obpaseHu Kamo nosisipHU duazpamu Ha
pasnpedesnieHUEMO Ha aepo30JIHUST KoeuuyueHm Ha obpamHO pascelisaHe, pasrofioXeHU 8bpXy eeozgpaghcKu
Kapmu Ha patioHa Ha Cocgbusi. [lpedcmaseHu U aHanu3upaHu ca, CbWO maka, U ygemosu Kkapmu 8 KoopouHamu
pascmosiHue-epeme, rokasgawu OuHamukama Ha pasrnpedesieHUemo Ha MIbmHOcmma Ha pu3eMHuUme
aepososiHU  crioese 10 ¢buKcupaHO HarpasneHue, npecudaulo u3crnedsaHume obmacmu. 3a HsKou om
paseanedaHume criyqau, rnosy4eHuUme cmolHocmu Ha KoeghuyueHma Ha obpamHo pa3celisaHe ca KanubpupaHu
0 OmMHOWeHUe Ha aepo3o/lHama Macosa KOHUeHmpauus, Koemo ro3eosnsiea Oa ce onpedesssm
rnpocmpaHcmeeHomo pasrnpedenieHue Ha rnocredHama, Kakmo U 30HuUme, kbOemo msi Hadsuwasa rnpedesiHo
donycmumume cmolHOCMU. YcmaHO8eHO e, Kakmo Moxe 0a ce oyakea, 4Ye macoeama KOHUeHmpauusi e
MakcumarsnHa 6 6nusocm 0o uUHOycmpuasHu U3MmMOYHUUU Ha 3aMbpCs8aHUsi Unu OXUBEHU MbMmMHU apmepuu umiu
Kpbcmosuwa. Peaynmamu, no0obHU Ha me3u, noslyYeHU 8 Hacmosiwjama paboma, ca om ocobeHO 3Ha4yeHue 3a
epadckume enacmu, npedocmassiliku UM C80e8PEMEHHO U C 8UCOKa pasdesiumersiHa criocobHocm uHgopmayusi
3a HUBama Ha 3amMbpcsieaHe Ha 8b30yxa 8 0b6WUPHU palioHU.
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Introduction

Earth’s atmosphere contains an immense amount of aerosol particles, known also as particulate
matter (PM). Atmospheric aerosols are of primary importance for the energy exchange between the Sun
and the Earth, influencing heavily the climate and living conditions on Earth [1]. The near-surface aerosol
particles may have an even stronger direct negative effect on the ecosystems and the human health [2
and references therein]. Penetrating into the human’s respiratory tract, they can be extremely harmful,
causing various mechanical, chemical, radiological and microbiological impacts [3]. The fine and
ultrafine aerosol particles, sized in the micron and submicron range, are especially dangerous in this
case, because they are hardly removable by the organism. Therefore, the near-surface atmospheric
aerosol load is of crucial importance for the quality of life. By monitoring this load, information could be
derived about the concentration and nature of the aerosol pollutions, as well as about the actions to be
undertaken by the city authorities to diminish their negative effects.

The Light Detection And Ranging systems (LIDARS) are the most appropriate instruments for
express monitoring on a vast scale and with a high spatial resolution of the distribution and nature of the
aerosol particulate matter in the atmosphere as a whole and in its near-surface layer, in particular [4, 5].
Lidar scanning of the near-surface (living) atmospheric layer along with the contact in-situ monitoring by
ecological stations provides valuable information about the local density, spatial distribution, and
temporal dynamics of polluting aerosol loads over broad areas. Such information allows one to timely
warn the city authorities of arising health hazard. This is why the near-surface aerosol field has long
been a subject of particular attention for the Laser Radar Laboratory of the Institute of Electronics of the
Bulgarian Academy of Sciences (LRL-IE) [6]. In this respect, the main purpose of the present work is to
describe and discuss some results obtained recently concerning the distribution of particulate matter in
the atmospheric layer near the Earth surface in Sofia City region.

In the following Section we briefly describe the lidar faciliies employed and the methods of
extracting (from the lidar data) the information about the aerosol extinction and backscattering
coefficients and mass concentration. Then, the main results obtained in the work are presented and
analyzed. In the last Section, the main conclusions are summarized.

Experimental instruments and methods
Lidar systems and observation zones

The measurements were conducted by horizontal scanning of observation zones over Sofia
using lidar systems developed at the LRL-IE [6]. They are of the monostatic non-coaxial type. The first
of them (Fig. 1a) has an elastic and a Raman receiving channels, the former being in use in this work.
The light transmitter in this system is a frequency-doubled Nd:YAG laser with a pulse energy of up to
600 mJ at A =1064 nm and 80 mJ at A =532 nm, a pulse repetition rate of 2 Hz, a pulse duration of
15 ns, and a beam divergence of 2 mrad. The receiving optics consists of a Cassegrain-type telescope
with an aperture of 35 cm, a focal distance of 200 cm, and a three-channel wavelength separator
comprising dichroic beam splitters and three 1-3 nm passband interference filters. The receiving
electronic part consists of three compact electronic modules, each one including a 10 MHz 14-bit analog-
to-digital converter (ADC), a high-voltage power supply, and controlling electronics. The backscattered
lidar signals from the atmosphere are digitized every 100 ns by the ADC, which provides a range
resolution of 15 m. The accessible range of this lidar is about 30 km. It is mounted on a stable metal
coaxial construction allowing reliable fixing and precise synchronized mutual motion of both the
telescope and the output laser beam in horizontal (toward Vitosha Mountain) and vertical direction with
an angular resolution of about 1 degree.

The second system (Fig. 1b) is an elastic lidar, whose transmitting unit consists of a pulsed
CuBr-vapor laser emitting at the wavelength A =510.6 nm and a beam-forming expander-collimator.
The mean power and repetition rate of the emitted laser pulses are 2.5-3 W and 12 kHz, respectively.
The pulse duration is 15 ns. The receiving optics comprises a Cassegrain-type telescope with an
aperture diameter of about 0.2 m and a focal distance of 1 m, a 2-mm-wide focal diaphragm, and an
interference filter with a 2-nm-wide passband. The angle of view of the receiving system is ~ 2 mrad.
The backscattered laser light is detected in a photon-counting mode using EMI 9789 photomultipliers
with a spatial resolution along the lidar line of sight (LOS) of 30 m and accumulation time of 5 minutes.
The azimuthal and elevation angles of the LOS can be scanned with a step of 1 degree.

The lidar systems are installed, respectively, on the fourth floor and on the roof of the IE-BAS
building (42.65 N, 23.38 E; 590 m a.s.l.), in the southeast part of Sofia. They are employed to perform
lidar mapping experiments in the south-southwest and in the north-northwest directions, respectively.
Thus, surface areas of about 100 km? are scanned and mapped over the central city zone, the north
industrial zone and the south urban and suburban parts, including the north slopes of Vitosha Mountain,
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allowing us to detect and analyze aerosols of different origin (natural, urban, industrial, etc.), with the
aim of contributing to the establishment of a modern city air-quality monitoring system.

Fig. 1. Lidar systems based on a Nd:YAG laser transmitter (a) and a CuBr-vapor laser transmitter (b)

Determining the aerosol extinction and backscatter coefficients and mass concentration

The monostatic lidar sensing of the atmosphere requires pulsed laser radiation in order to
ensure range-resolved detection of the laser light backscattered from the atmosphere. The temporally
successive direct detection of the backscattered light, at the same wavelength as the sensing laser
wavelength A, produces a variable electrical (direct current or photon-counting-based) signal, called the
lidar signal profile, which is a projection in time of the light-power portions arriving from successive
elementary scattering volumes along the lidar LOS. The lidar profile, as a function of the lidar parameters
and the LOS profiles of the atmospheric extinction o(r) and backscattering S(r) coefficients, is described
by the so-called lidar equation [7], whose solution with respect to a(r) and B(r) is obtainable using the
Klett-Fernald or the slope (logarithmic-derivative) approaches [7-9]; r = ct/2 is the coordinate along
the LOS.

The first approach leads to a stable solution of the lidar equation and is being widely applied
now. An inverse integration algorithm is used, starting from the far end of the lidar sounding path, where
the aerosol backscatter coefficient is either negligible compared to the molecular backscatter coefficient
or is known from other sources. In the case of molecular (Rayleigh) atmospheric scattering, the value
of the so-called lidar ratio S = Sm = om(r)/Bm(r) = 8m7/3 is known [7]. Then, after measuring, e.g., by
radiosondes, the vertical molecular density profile, or using the Standard Atmosphere Model [10] one
could determine independently the molecular extinction om(r) and backscatter Bm(r) profiles at
wavelength A. Their knowledge allows one to determine ga(r) and Ba(r) provided that the aerosol lidar
ratio Sa(r) = oa(r)/Ba(r) is known and invariant along the laser beam path [8, 9]. The exact value of this
ratio is determined depending on the laser wavelength and also on a priori assumptions about the
atmospheric conditions and the type of the aerosols observed. One may assume that near the ground
Sa ~ 40-60 sr for hazy atmosphere and ~20-30 sr for clear atmosphere [11, 12].

In the case of horizontal or quasi-horizontal lidar sensing of the near-surface atmospheric layer,
which is rich in aerosols so that molecular reference values of Bm(r) could not be used, one can employ
alternative approaches to solve the lidar equation in order to characterize the aerosol content in the
observation areas. In such instances, there may exist LOS zones with relatively homogeneous aerosol
composition and concentration providing conditions favorable for applying the slope (logarithmic-
derivative) method. In the present experiments, a combination of the two methods described was used,
whereby the slope method was applied to determining ga(r) and Ba(r) in appropriate parts of the lidar
beam path, while the values of Ba(r) thus obtained were used as reference ones in retrieving the whole
range profiles of Ba(r) by means of the Klett-Fernald approach. As a result, the range profiles of the
aerosol extinction and backscatter coefficients were retrieved with relatively high precision and reliability;
these were accordingly transferred to the color maps based on them of the near-surface aerosol density
distribution.

The spatial distribution of the aerosol mass concentration Cm can be estimated by assuming
that the mass concentration is proportional to the aerosol extinction and backscattering coefficients
determined by the lidar. The corresponding coefficients of proportionality, Ks and Kg, can be obtained
as slopes of regression lines fitting the data from parallel lidar and contact measurements of the
extinction and backscatter coefficients and the mass concentration, respectively (e.g., [13, 14]).
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Results and discussion

Below we present and discuss recent results of lidar monitoring of the near-surface atmospheric
aerosol content over Sofia City region obtained along a fixed direction or by horizontal scanning.

Fig. 2 shows results of a quasi-horizontal lidar scanning of the near-ground aerosol density
carried out on Feb. 20, 2019 by using the Nd:YAG lidar’s infrared spectral channel (wavelength of
1064 nm) at a slope angle of 6° and in a horizontal angular section of 50° to the south-southwest from
the lidar station. The blank section is due to objects obstructing the laser beam. Fig. 2a is a color-coded
diagram of the aerosol density spatial distribution in arbirary units; in Fig. 2b, this color map is
superimposed over the map of the area allowing us to differentiate the characteristics of the aerosol
pollution above the urban and suburban zones within the sector of lidar observation. This color map,
with the specificities it illustrates, presents a typical aerosol distribution pattern that we consider as being
representative for the results of our measurements of the aerosol pollution over the urban areas
considered here. As one can see, the aerosol density is maximal (red-colored areas) over the densely
populated Mladost 1-4 residential districts, which are also characterized by thoroughfares with heavy
traffic. The aerosol density remains moderately high (predominant yellow-orange coloration) up to Sofia
city ring road; it decreases gradually above the suburban areas close to Vitosha Mountain, especially
so over the mountain slopes (colored correspondingly in green-blue and blue).

Scfia, 20 Feb 2019, Wavelength=1084nm
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Fig. 2. Sectoral color maps of the aerosol density obtained by quasi-horizontal scanning by the Nd:YAG aerosol
lidar in southwest direction: (a) color-coded diagram of the spatial aerosol distribution;
(b) map of the area with the color map superimposed on it

Fig. 3 displays results from measurements of the aerosol density temporal development along
a fixed southwest LOS carried out by the Nd:YAG aerosol lidar around midday on June 7, 2019. The
infrared lidar channel was used (wavelength 1064 nm) at a slope angle of 4° with respect to the horizon.
The aerosol pollution was thus observed over this particular urban area along the direction chosen,
spreading up to the city ring road (distance of 4 km). Fig. 3a is a color-coded diagram of the aerosol
density spatial-temporal distribution in arbirary units; in Fig. 3b, this color map is superimposed on the
map of the area in order to follow the aerosol pollution dynamics above the selected sections of the
urban zone located around the LOS. In contrast to the previous case of sector lidar scanning, in Fig. 3
the color map does not lie in the geographical map plane, but is rather projected only on the LOS
(marked by a white line); the figure thus provides a convenient visual correlation of the dynamic aerosol
pollution picture with the corresponding areas along the direction chosen. As seen, the LOS passes
above two distinct characteristic zones. The first one is a typical urban zone comprising the densely
populated Mladost 1, Mladost 1A and Mladost 2 districts and extending to a distance of about 2.5 km
from the lidar station. The second part of the lidar beam path traverses a park and a sparsely populated
urban zone reaching 4 km away from the lidar in the ring road vicinity. Correspondingly, the two figure
parts exhibit significantly differing aerosol densities. Over the heavily populated urban area near the
lidar, one can see a noticeably higher aerosol concentration (yellow-red coloring), combined with a
higher density distribution dynamics; while over the park zone most of the time the aerosol content is
significantly lower (predominant blue-green and yellow coloring). Along with the systematically high
aerosol density within the 0.3-1.3 km range, an interesting result is the “aerosol island” partially
connected to the adjacent dense aerosol zones and detected in the middle of the measurement time
interval at a distance of about 2 km. By the end of the measurement period, sections with higher aerosol
densities can also be seen over the park area, which are probably due to air mass advection from the
nearby zones of high aerosol content. In summary, the dynamic picture of the aerosol distribution
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observed along the lidar LOS demonstrates the lidar technique’s exceptional capabilities in detecting
and characterizing aerosols in the near-ground atmospheric layer with high sensitivity and reactivity to
the presence and variations of the aerosol pollutions in this layer.
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Fig. 3. Dynamic color map of the near-ground aerosol density obtained by quasi-horizontal sounding by the
Nd:YAG aerosol lidar in a fixed southwest direction: (a) spatial-temporal color diagram;
(b) dynamic color map superimposed on the map of the area along with the LOS (indicated by a white line)

Figs. 4 and 5 illustrate the results of our further recent experiments, namely, horizontal lidar
sensing of the aerosol field at about 20-40 m above ground using the lidar system based on a CuBr
vapor laser. Fig. 4 displays the results from the observation conducted on March 13, 2019, of the aerosol
field evolution along a fixed LOS direction from the IE-BAS toward Droujba residential district. The
signal-accumulation (sampling) time interval was 5 minutes. In Fig. 4a, the presence is clearly seen of
a permanent high-intensity source of aerosol pollution (with high values of § ~ 3.5 x 103 km- sr!) at a
distance of 7 km. Let us assume that Sa = 50 sr and Ky, = 0.17 km mg m- [14]. Then, the aerosol peak
mass concentration at the 7-km distance will be Cm = K;Saf8 = 30 ug m3, which is near the acceptable
PMio concentration threshold [15,16]. The color map from Fig. 4a imposed on the map of Sofia (district
Droujba) shows (Fig. 4b) the location of the industrial source of PM pollution and its local small-size
character. At other distances along the LOS one can observe other aerosol inhomogeneities with
relatively smaller concentration and restricted lifetime or spatial scale. One may notice as well a low-
concentration aerosol field given in yellow, extending from one to six kilometers along the LOS.
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Fig. 4. Temporal evolution of the aerosol density distribution along a horizontal line of sight of the CuBr-laser-
based lidar system, measured on 13 March 2019 (a) and superimposed on the map of Sofia (district Droujba) (b)
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Fig. 5 is a horizontal scan of the LOS at a step of 1.6 degrees around the direction toward Sofia
City center above Tsarigradsko Chaussee blvd. The experiments were conducted on April 8, 2019. The
signal-averaging time at each angular position was 5 min. Zones with low (in blue) and high (in yellow
and red) aerosol concentration are clearly seen in Fig. 5a. The color map superimposed on the map of
Sofia shows that (Fig. 5b) the areas of high aerosol concentration are near the Tsarigradsko Chaussee
blvd. and the crossing roads with heavy traffic. Thus, the results obtained by the lidar system confirm
the expectation that the industrial facilities and the intensive traffic are the main sources of aerosol
pollution in the region of observation.
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Fig. 5. Horizontal spatial distribution of the aerosol concentration around the direction toward the Sofia City Center
above Tsarigradsko Chaussee blvd., measured on April 8, 2019 (a) and superimposed on the map of Sofia (b)

Conclusion

The results obtained in this work demonstrate the capabilities of the elastic lidar systems to
probe rapidly the atmospheric aerosol fields on a large scale and with relatively high temporal and spatial
resolutions. Two elastic-scatter lidar systems were employed to measure the spatial distribution of the
aerosol backscatter (or extinction) coefficient over the vast areas of Sofia Valley. The dynamics of the
backscatter coefficient distribution along a fixed LOS was also observed and analyzed. Thus, the
possibility was illustrated to monitor the evolution of the aerosol fields as a whole. In addition, it was
shown how, through appropriate calibration, one could transform the measured backscatter (extinction)
coefficient distribution into aerosol mass-concentration distribution. The results from the elastic lidar
sensing were presented as 2D horizontal diagrams and 3D diagrams of the backscatter-coefficient
distribution superimposed on the maps of the region. Thus, “maps of the air pollution” were in fact
created. As far as human health and ecosystems are concerned, most valuable are the results
(horizontal 2D diagrams) describing the aerosol (PM) load distribution near the ground. Such regularly
updated diagrams would timely indicate the cases of excessive air pollution and warn the city authorities
of the need to take precautionary measures.
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Pe3rome: HanpaseH e onum 0Oa ce cucmemamusupa U Krnacugpuyupa pasHoobpasuemo Ha
npogbecuoHanHu Kkamepu, U3rosi3eaHu 3a 3acHemaHe ¢ OpoHoee. HanpaseHama knacugukayusi ce 6asupa Ha
mexHuU4Yeckume xapakmepucmukume u chepume Ha MpusioxeHuUe Ha kamepume.

DIFFERENT TYPES CAMERAS FOR DRONES
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Abstract: An attempt has been made to systematize and classify the variety of professional cameras used
for drone shooting. The classification made is based on the technical characteristics and areas of application of the
cameras.

[poHoBeTe HaBnM3aT BCe MOBEYE B pas3nuyHM cepu Ha xuBoTa. TAXHOTO pa3Hoobpasuve e
ronsmMo 1 Te ce cneumnannsvpart B 3aBUCUMOCT OT npunoxeHneto um (PKenes, 2018; XKenes u ap., 2016;
ATtaHacoBa, 2016; dununos, 2011; LlekoBa u gp., 2005,.). Nopaan BbL3MOXHOCTTa 3@ AUCTAHLMOHHO
yrnpaBneHne Te ca NOAXOoAdALM 3a U3MbIHEHME Ha 3a4aym 3a HabngeHne Ha TPYOHOO4OCTBMHM MecTa
N PUCKOBU 30HM, U3MNOM3BAT Ce 3a onpefensHe Ha LeTuTe OT npupodHn 6eCTBUA U TEXHOMOMMYHM
aBapwuum (Creutzburg, R., 2015). YecTo Te ce nanonseat 3a BUAeO U OTO 3aCHMMaHe ¢ npodecuoHanHa
1 BCE NO-4YeCTOo 3a nobuTtencka uenw.

Haii-BakHnst KOMNOHEHT Ha cucTemMarta 3a HabnaeHne e kamepaTa. Kamepute morat ga 6bvaar
Hal-pa3HooOpasHM 1 3aBUCAT OT LENUTe U 3ajayunte, KOUTo TpsabBa ga ce pewaT ¢ Ge3nunotHaTa
cuctemaTa 3a HabngeHue.

LlenTta Ha HacTosiLaTa cTaTusl € Aa ce HanpaBu egHa 0606LeHa knacudurkaumnsa Ha ronsiMoTo
pa3Hoobpa3ue oT kamepu 3a JPOHOBE Ha Nasapa 1 Ta ce HabnerHe Ha HAKOW OCHOBHU XapaKTEPUCTUKM
Ha Te3u, M3Non3BaHu 3a NpodecMoHarnHu Lenu.

Hai-o6wo kamepute MoraT fa ce MOAEnsiT CnpsiMO MPUITOXEHMeTO CUM  Ha ABa Buaa —
nobutenckm n npodecunoHanHn (dwr. 1.).

JTioBuTenckMTe Kamepu ca OCHOBHO BrpaZleHu B TANOTO Ha ApOHA KaMepy MMaT Marku pa3mepu
1 no-cnabu xapakTepucTukn. Te ce nanonseaT oT aMaTbopu 1 nonynpodecnoHanncTu 3a oTo 1 BUAeO
3aCHEMaHe Ha CMOopTHM M OpYyrn OEWHOCTM Ha OTKPUTO, 3a obydeHue, Mogapbk UM NpocTo 3a
3abaBneHne. KamepuTe ca MOHTUPaAHU B POTOPHU APOHOBE C 40 YETUPW POTOpPa M YECTO Ca C BKITHOYEHU
ounna 3a FPV (npedasaHe 6 peanHo epeme) unm ca 4act oT RTF gpOHOBE - HAMbIIHO CrnobeHn m
rotoBu 3a nonssaHe (Pur. 2.) ¢ PyHKUUS ,criegeanTe me.
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Tlobutenckute Kamepu, KaTto YacT OT JPOHOBETE HAMAT Bb3MOXHOCT Aa O6baat NoAMEHEHU U
He moraT ga ObaaTt pasrmexgaHu KaTo oTAenHo OoT ApoHa. [lopagm ToBa Te He Hapylwasar
aepoauHamukaTa Ha ApoHa M He ce U3MCKBa fa uMmat aepoanHammuyHa cpopma. TeHaeHumsaTa B TAXHOTO
pasBuTME € noBuLLIaBaHe Ha BMAEO M POTO XapakTEPUCTUKUTE, MUHUMU3UPAHE Ha pasMepuTe U
TernoTo um. Te Bce no-4yecto nogabpxat 1080P HD chopmaT Ha Bb34YLUHN CHUMKU, perynmpyem brbii
oo 120°, 2MP WIFI BucCOkOkayecTBeHO BMOEO B peariHO Bpeme HanpaBo OT OUCTaHUWOHHOTO
ynpasneHue. [laBat Bb3MOXHOCT 3a HanpaBa Ha ugearnHo cendu 1 rnegHa oT NTUYKM Nornea.

lMpodecrnoHanHWTe ce M3Non3BaT Npu pellaBaHe Ha 3aJayn B HaykaTa u OM3Heca, KakTo 1 3a
BOEHHW JeNHOCTU. Te YeCcTo ca camoCToATENHW, MoraT Aa 6baaTt 3aMeHsieMn Ha ApOHa U KaTo UsAno ca
CbC MHOro A06pK TEXHUYECKN XapakTepucTukn (cwur. 2.).

Syma X21-S - Mukpo ApoH ¢ BrpageHa kamepa 3 a BUaeo
HabnogeHe B 3aKpUTWM MOMELLEHUSA UMW HA OTKPUTO B
pamkuTe Ha 5 min. C 4K npegHa kamepa n 720P (1 MPXx)
AbHHa kamepa W1 pro 3a 4BOMHO BU3yarHO U3XMBSABaHE.

Mukpo (HaHo) ppoH L6058W nputexaBa
0.3 MPx kamepa, KOATO 3acHema BMOEO C
NPWUIIMYHO Ka4ecTBO, C XxapakTepuctukara FPV
(npedasaHe 8 peasiHO epeme)

iy

Opon SJR/CZ5 ¢  1080P
wupokobrbnHa Wifi kamepa c
perynupyem bren go 120° n
dyHkunss  FOV  3a  3acHema
BMCOKOKaYeCTBEHN  BUAEO U
Bb3AYLUHW CHUMKM.

OpoHbT Selfly ce npukpens kbm
Kanbda 3a cMapTdOH, KoraTo He ce
nsnonaea

[poH Bebop 2 ¢ 14Mpx u full HD
kamepa n FPV ouuna

dur. 1. Brpagenu B kopriyca Ha gpoHa kamepu

MpodecnonanHa Kamepa Ha  TepmanHa kamepa Yuneec CGO ET, [JlugapHa kamepa Snoopy Lidar
cdumpmata DJI oT cepusita Zenmuse  M3non3ea Ce 3a HOWHM CHUMKM M USA, 3acHema TepeHa C
X, n3nonsea ce 3a npodecrMoHanHa TepManHu usobpaxeHuss u Bugeo- 700000 Touku/s, wuma 32
doTorpadmsita M kKuHematorpa- — 3acHemaHe. 12 MP ceH3op, pe3onio- wuHAMBUAyanHun  nasepa C

dusTa. 24 MP ceHsop, 4K Ultra HD:
3840x1572, 30p, 1SO 100 — 25 600
3a cHMMKkM 1 100 — 6 400 npu Buaeo,
ckopocT 1/8 000s — 8s

umna Ha 3acHemaHe 1920 x 1080p 30
fps, wyBcTBUTENHOCT 100-12800 ISO,
TemnepaTtypHa 4YyBCTBMTENHOCT OT -
10° po 180°, gbmkuHa Ha LWIR
Bb/HW: 8 um - 14 uym
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obxeat - 40 rpagyca BepTuKa-
neH n 360 rpagyca xopu3oHTa-
neH, +/- 2 cm To4HOCT 1 100 m
obxeaT

dur. 2. NpodecnoHanHn kamepu 3a ApoHOBe



[pyr nokasaten No KONTO Kamepwu MoraT fa ce NnoApas3aendaT € cnekTpanHus guanasoH, B KONTO
Te paboTaTt (peaucmpupam). NoaenaT ce Ha:

1. Kamepu B onTu4HuA guanasoH (RGB kamepu)

XapakTepHOTO 3a Te3n kamepu e Te peructpupaT Buaeo U cdoTo3acHemaHe BbB BUAVMUS
AnanasoH Ha efeKTpoOMarHUTHUSI CNEKTbP — YEPBEHO, 3€MEHO U CUHbLO.

B Tasu rpyna nonagat noyTM BCUYKU KaMepu 3a NnobuTencku ApoHOBe (3a CHUMAaHe 8 peasHo
speme, 3a u sudeo ,cengu” u dp.) (dur. 3.).

dur. 3. Ksagpakontep Eachine E50 ¢ WIFI BugeonpenasaHe B peanHo Bpeme,
kamepa: 2MP, 720P, Buaeo n CHUMKY;

Te ca Buaeokamepu n oToanapaTv 3a OPOHOBE, CHMMALUM MaHXpPOMAaTU4HO BbB BUAUMUSA
AvanasoH oT cnekTbpa (cur. 4). unn B CNeKTpanHn KaHanu cuH, 3eneH, YyepseH (dwur. 5).

dur. 4. Kamepa 3a ApoH 3a npodecnoHanHo Buaeo 3acHemaHe ZENMUSE X7

®ur. 5. CnektpanHa kmepa Canon S110 12 MP RGB, 3a nonyyaBaHe Ha n3obpaxeHusi
BbB BUAMMMS CNEKTbP B TPM KaHana: CUH, 3efeH 1 YepBeH.

2. MyntucnektpanHu (NIR, Green, Red, Red Edge) kamepu

MynTucnekTpanHn nsobpaxeHus ca MHOro eekTUBEH UHCTPYMEHT 3a OLeHKA Ha CbCTOSIHUETO
Ha okomnHaTa cpefa (npoudgodumenHocmma Ha noygama, aHasu3 Ha CbCmMOsIHUeMOo Ha pacmeHusima,
epaHuua cywa-eoda u dp.). NpoyyBaHETO Ha CbCTOSIHMETO Ha OKOfMHaTa cpefja C HEBLOPBXKEHO OKO €
MHOFO OFpaHW4YeHO U HepauumoHanHo. TexHomorudTa 3a 3acHemMaHe B MHOMo  KaHanu
(MynmucniekmparnHu u3zobpaxxeHusi) 1 KoMOMHaUMaTa Mexay TAX N03BoNsABa Aa Ce BUAM MHOrO noBeye
OTKOJIKOTO C Camo C ,MPOCTO OKO“. Har-4ecTo Te3n JaHHU HamupaTt MpUIioXeHue B 3eMenenuneTo,
ropcKoTO CTOMAHCTBO M 3aToBa HabopbT oT kaHanu (NIR, Green, Red, Red Edge) e opneHTUpaH kbM
XapakTepHUTE CheKkTpanHu oTpaXaTenHW XapakTepUCTUKM Ha pacTeHusiTa M Bb3MOXHOCTTa 3a
ns3yucnsiBaHe Ha pas3nuyHu BeretaunoHHun niagekeu (NDVI, NDRE u 0p.). Te3n gaHHu ce nsnonssaTt 1 B
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reonorusta, reomopdornorusaTa, apxeonorusata 1 ap. kato ce n3nonssat 6GubnMoTekn CbC CneKkTpanHu
OoTpaxaTenHW XapakTepUCTUKN Ha MUHEeparnu u ckanw.

B 3emepenueto, gaHHMTE OT MynTucnekTpanHute kamepm (dpur. 6-10) - mynTucnekTpanHuTe
nsobpaxeHusa nmat peguua npeanMmcTsa KaTo:

- [aBaT Bb3MOXHOCT 3a paboTa CbC CnekTpanHu JaHHW OT pas3fiuyHU CreKkTpanHu KaHanm

(NIR, Green, Red, Red Edge u dp.);

- Wpentudwuumpat sBpeantenun, 6onectn no pacteHnsaTa n nnesenu;

- Maxe pa ce ontummasmpa ynotpebarta Ha necTULMaW Npu KyNTYPHUTE pacTeHus, Ype3

paHHO OTKpMBaHE Ha BpeauTenu n 3abonsBaHuns;

- OnTMMUM3npaHe Ha TOPEHETO Ype3 OTKPUBAHE HA HEAOCTUM Ha XPaHWUTESHN BELLLECTBa;

- YnecHsiBaHe 1 ONTUMU3NpaHe Ha cenTboobopoTa (pedysaHemo Ha Kynmypume);

- OnpegensiHe NTBTHOCT M MbCTOTA Ha NOCEBA;

- [porHosupaHe Ha gobusa OT peKkonTa;

- OnpepensiHe Ha BRNaXxHOCTTa Ha No4YBaTa U KOHTPONMPaHE Ha HanosiBaHETo, Ypes

naeHTudmLmMpaHe Ha panoHu, 3a KOUTO UMa CbMHEHME 3a BOOEH CTPEC;

- [poBexgaHe MOHUTOPUWHT Ha 0OOUTHKA;

EfnHa oT BogeLmTe B CEKTOPA CENCKOCTOMNAHCKN Kamepu (ceH3opu) ca Te3un Ha Sentera (cwr. 6).
CeH3opu ca HanbfHO aganTUBHKU, KOETO MO3BOMsBa Aa Ce U3Non3BaT KakTO BMU3yarHo, No KaHanu
MYNTUCNEKTPaArNHW [OaHHW, Taka W KamnkKynupaHu, MpPOCTPaHCTBEHO W PaaMOMETPUYHO TOYHO,
pactutenHute uHgekcn NDVI, 3eneH NDVI n NDRE. Quad ceH30pbT MOXe Oa M3MepBa Ki04YOBM
nokasatenu Ha xnopoduna B KynTypute. Te3n kamepu gasBaT B peanHO Bpeme npeactaBa 3a
CbCTOSHMETO Ha pekonTaTa.

dur. 6. YetnpukaHanHa myntucnekTpanHa kamepa Sentra High Precision

KamepaTta Parrot Sequoia (cur. 7) e egHa OT Hal-MankuTe u fiekM MynTUCNEKTPanHN Kamepu
3a JpoHOBE Ha nasapa KbM JHellHa aaTta. T4 e cneumanHo HacoyeHa 3a 3acHeMa Ha CerncKOCTOMaHCKu
KyNnTypy B YeTupuTe AedMHUpaHn CneKkTpanHy kaHana, BbB Bugumarta n bnmnskara nHdpadyepBeHn 30HU
Ha cnekTbpa nnc usobpaxeHne B RGB. Kameparta wusnonssa gsa ceHsopa. EanHuat ynass
OoTpaseHaTa CrbHYeBa pagvauus, a BTOpusi, MOHTUpaH Ha rbpba, peructpupa nagHanaTta cnbHYeBa
paguaums B CbLUMTe CnekTpanHu kaHanu. ToBa No3BonsiBa kanubprpaHe Ha NonyvyeHUTe AaHHU oOLle
no BpeMe Ha 3acHeMaHeTo.

dur. 7. YeTupukaHanHa MyntucnekTpanHa kamepa Parrot Sequoia
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MynTtucnektpanHa kamepa Canon S100 NIR (dour. 8) e cnocobHa aa 3acHema nsobpaxeHus B
yepseHaTa 1 NIR (651uskama uHgpavepeeHa) obnacTt oT cnekTbpa. OpurnHanHuat UY (uHgpayvepseH)
Onokupaw, hunTbp € 3amMeHeH OT BUCOKOKAYeCTBEH OBOEH MEHTOB MPOMNYCKMB PUNTbP, KOWTO
noseponsiea Ha YepBeHus 1 NIR cnekTbp ga gocturHat 4o ceH3opa BbLTpe B kKamepara.

= 100
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2 i - fled 1625 nm)
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g >

50
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400 GO0 800 1000
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dur. 8. MyntucnektpanHa kamepa Canon S100 NIR

MynTtucnektpanHa kamepa ADC Lite pasnonara ¢ eauMH 3.2-meranukcerioB CeH3op,
ONTMMM3UPaH 3a perncTpupaHe Ha ObJPKMHM Ha BbfHaTa BbB Buaumara, no-ronsima ot 520 nm go
920 nm v B 6nu3kaTa o MHpavepeeHa obnact oT cnekTbpa (dur. 9).

®ur. 9. MyntucnektpanHa kamepa ADC Lite

MynTtucnektpanHa kamepa MicaSense Red Edge (¢ur. 10) e cuctemaTa 3a €4HOBPEMEHHO
peructpupaHe B NeT OTAENHW CMNeKTpanHW KaHana, No3BoNifBallM Cb3JaBaHETO Ha cheuunanHo
npurogeHu nHgekcu. MHterpupariku gsete net-neHtosu kamepu, RedEdge-MX n RedEdge-MX Blue,
AaBa Bb3MOXHOCT 3@ Han-MOLEPHU MPUMOXKEHUS 3a OUCTAHUMOHHO M3cnegBaHe U m3credBaHe Ha
pactTuTenHocTTa.

MynTtucnektpanHa kamepa Airinov multiSPEC 4C e HacoyeHa KbM NpPeELM3HO 3eMenenve.
M3mepBa oTpaseHaTa CnbHYEBa paguvaunst OT KynTypuTe B YETUPWU PasfMyHKU CNekTpanHu KaHana:
3erneH, YepseH, Red Edge u NIR.

®ur. 10. Myntucnektpanym kamepu RedEdge-MX n RedEdge-MX Blue
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3. TepmanHu kamepm

TepmanHuTe Kamepy MO3BOMSABAT U3MNON3BAHETO UM 3a CMacUTENHW OMnepauuun, raceHe Ha
noXkapy, MHCNEKLMSI Ha CONMapHM MaHenu n enekTpPonpeHOCHU MPEXW, HabnogeHue Ha XUBOTHU U
nocesu, obcriegBaHe Ha crpagu, KOMUHUW, ENEKTPONPOBOAN, ENEKTPUYECKN CTaHUMKU, TpbOonpoBoan u
HOLLIHO HabnoaeHne Ha HaceneHn mecta u ap. (dowr. 11 un cur. 12).

Hucnexums wa

bopba c nowapw

CONAPHM Nanenn

TepmanHa kamepa Yuneec CGO TepmanHa kamepa SMT18HT6 TepmoBuanoHHata kamepa DJI
ET cvyeTtaBa Bucoka kKoMBuHMpa 18x onTnyHO Zenmuse XT e pa3paboTteHa FLIR. Ta
CBETMNOYYBCTBUTEIHOCT 38 HOLLHN npubnmkeHue n 640 x 480 ocurypsiea BUCOKa YyBCTBUTENMHOCT
CHUMKM U TemMnepaTypeH CEH30p TepMnyHa cuctema 3a (50 mK) npu nHcdpavepBeHO 3acHEMaHe
3a TepmarnHu n3obpaxeHus n BU3yanusauns ¢ 640/30 kagbpa B cekyHaa
BUAe03acHeMaHe.

our. 12. TepmanHm kamepu

4. XvnepcneKkTpanHu Kamepu

XapakTepHO 3a XunepcnekTpanHuTe Kamepu € 3aCHUMaHeTO B MHOM0 TSICHU
crnekTpanHu KaHana. Te permctpupaTt oTpa3eHaTa ChibHYeBa pagvauus BbB Bugumarta —
6nm3ka uHdpadvepseHa (VIS-NIR) u cpegHata uHdpadvepBeHa (SWIR), nokpusalum
cnekTpanHus gnanasoH ot 400—2500 nm (dpur. 13).

dw—p USB3.0
-— 6(,“ -

Hyspex Mjolnir V-1240 cbc 200 BaySpec , OCI™-UAV paBa Hyperspec SWIR cuctema ¢ gpoH DJI
CrneKTparHu KaHana u xunepcnektpanHu gaHHm B VIS- M600 xmnepcnekTpanHo nsobpaxxeHns
cnekTpaneH avanasoH NIR ¢ HenpekbCHaTO CNeKTpanHo BbB CMekTpaneH guanasoH

400 go 1000 nm 1 NPOCTPAHCTBEHO MOKPUTHE. ot 900 go 2500 nm.

dur. 13. XvnepcnekTpanHu kamepu
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5. INupapHu kamepu

V3non3BaHeTo Ha NMaapHW KaMepu Ha ApOHOBE BbB (hoTorpameTpuarta, 3D poTorpameTpusTa
W NnJapHOTO KapTorpadupaHe ce ysenuyasa 6bp30. ToBa He e u3HeHaaBaLLo, Tb KATO N3MON3BaHETO
Ha APOH 3a Bb3QYLUHO HabnaeHne € MHOro NO-peHTabuIiHO B CpaBHEHME C HAEMAHETO Ha camoneT ¢
doTorpameTpuyHo obopyaBaHe. Thil KaTO POHOBETE Ca CPaBHUTENHO €BTUHW, MHOIO OpraHu3auuun
Lle pasnonaraT cbC COBCTBEH ,pnoT", No3sonsaeaLy, 6bP3n NPoyYBaHNS BbPXY rofieMu NnoLwu, Kb4eTo
e Heobxoaumo.

OpoHoBe obopyasaHn ¢ GPS, umdposn dotoanapatm M MOLWHM KOMMAOTPU (U3KycmeeH
UHmMesneKkm), naBaT Bb3MOXHOCT 3a MpoyyYBaHMsA ¢ TOYHOCT Ao 1 ao 2 cm (cowur. 14).

MiniRanger e MuHnaTiopusmpaHarta Bepcus Ha RMUS LiDAR USA | +/- 4cm TouHocT, 16 nasepa,100 m

MbIHOPa3MEPHOTO KapTOrPadpCKo PeLueHme 3a o6xBar, ckaHupaHe - 300 000 TouKM B CekyHAa
CBpbXBUCOKa TOYHOCT Ha Phoenix LiDAR.

AbcontoTHa ToYHocT - 10/15 mm

®ur. 14. NlupapHn Kamepu 3a gpoHOBE

6. Bupeokamepu 3a gpoHoBe

Buoeokamepute ce xapaktepuanpat c HeBeposATHO 4K/Full HD 4:2:2 Bugeo n
BMCOKOKQ4YEeCTBEHM CHMMKW, MMAT KOMMAKTHO, FIEKO WM JNIECHO 3a WM3MON3BaHe TSAM0 C Bb3MOXHOCT 3a
CMsiHa Ha obekTuBMTE 1 C ONTUYEH cTabunnsaTtop Ha obpasa (cur. 15).

dur. 14. Kamepa ZENMUSE X7 MNpodecuoHanHuTe kamepu Ha DJI oT cepusita Zenmuse X ca LUMPOKO
pasnpocTpaHeHn cpef NpodecuoHanncT n eHTycnacTu BbB hotorpadmsaTa n kuHemartorpadusata

our. 15. Kamepa Rapture X8 Arri Alexa 3a LenuTe Ha npodecuoHanHaTa kuHemartorpadus
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7. Opyru Kamepwu 3a ApoHOBe

HasemHusT npoHuksaw, pagap (GPR) cbliecTByBa OT [ocTa Bpeme, HO B KOMGUHAUMS C
Bb3ayLUHa cucTemMa, Tol NpPeaocTaBs crneunduUYHN NpeaMMcTBa KaTo yBenMYeHo Bb3ayLHO NOKpUTHE,
oThareyeH OOCTbN M KapTorpadvpaHe, B HeQOCTbIHM UNX TBbPAE OMacHU 3a NepcoHarna yyacTbuu

(cour. 16).

®ur. 16. COBRA DJI Matrice 600 Pro ¢ reopapap (GPR)
13non3Ba pagnoriokaLMOHHNSA CUrHan B peasiHo Bpeme

U10 (cour. 17) e nek, BUCOKOUYBCTBUTESNIEH ra3oB AeTeKTop Ha GasaTta Ha NnasepHa CMeKTPOCKOMnus C
perynupyema guogHa Hactporika (TDLAS), koaTo no3sonsiBa 6bp30 naeHtTuurumMpaHe Ha MeTaH OT pas3CcTosiH1E
Ao 100 m vnu ¢ koHueHTpaumnsa oo 5 ppm.m. 3agsmxkeaH oT ApoH DJI SkyPort, U10 moxe ga 6bae wuHterpupat
6e3npobnemHo ¢ DJI Matrice 200 Series V1 1 V2 nnatgopmu.

dur. 17. IlasepeH geTekTop 3a nstnyaHe Ha metaH U10

3aknrouyeHune

lonsimoTo pasHoobpasve Ha KamMepy 3a [APOHOBE onpedens Bb3MOXHWTE cdepu Ha
npunoXeHve, a ToBa ca:

YnpaBneHve u nrnaHnpaHe Ha ropure;

Cencko 1 ropcko CTOMaHCTRO;

MopgenvnpaHe Ha HaBOOHEHUS,;
XvgpoanHaMmUyHO MogenupaHe;

BatumeTpuna Ha npsicHa BoAa;

MopgenupaHe Ha 3aMbpcsaBaHe;
KapTtorpadupaHe n kaptorpadus;

LndbpoBn mogenu Ha TepeHa;

3D mogenupaHe n Tonorpadus;

MOHUTOPUWHT Ha CTPOUTENHUSI 0OEKT;
CTpOUTENHU N CTPYKTYPHU MHCNEKLNN;
M3cnepsaHe Ha rpagckuTe cpeau, rpagoycTponcTeo;
YnpaBneHne n mogenvpaHe Ha 6peroea nmHus;
TpaHCNoOpTHOTO NNaHupaHe;

MpoyuyBaHe Ha HedT 1 ras;
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Kapvepu n oTkpuTusi OOBUB Ha NONE3HW U3Konaemu,;

["eonoXxkn NpoyyBaHus 3a NpodunmpaHe Ha NoYBeH CIowu;

Apxeonorns n AOKyMeHTaums 3a KynTypHO HacneacTBo;

MnaHnpaHe Ha KNeTbYHU MPEXN;

doTorpameTpusTa 3anoyBa ga Harnara noni3BaHeTo Ha APOHOBE C NMOAPHW CEH30pPM;

KaptorpadupaHe Ha Kopugopa: €eneKkTponpoBOfd, >Xene3onbTHa NWHUS U WHCMEeKUUs Ha
Tpbbonposoay;

YnpaBneHue Ha pecypcu;

KapTtorpadupaHe Ha nog3eMHu MHPaCTPYKTypu C reopagap

n ap.

Bnaro.qapl-locm:

M3nonseaHa e anapaTypata, 3akyneHa no npoekta MKAMOC un BkntodeHa B [lonesusi
naveputeneH kommnnekc (MUK) — Creumanuaupana 6e3nunotHa cuctemMa 3a  Bb34yLIHO
kapTorpadupaHe senseFly eBee Ag.
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Abstract: Several expeditions to the Bulgarian and Russian costal areas have been performed during
the last two years in the frame of the bilateral scientific cooperation. The main purpose of these expeditions was
to reveal the relationships between the seismic effects and the archaeological objects, (discovered and
excavated) and the influence of the strong earthquakes occurred in ancient and historical times. This approach is
newly performed and is targeted to the increased completeness to the earthquakes catalogues, data about
secondary effects (such like tsunamis, landslides, turbidities, etc.) and the collection of new data to serve about
new seismic zoning of the Black Sea areas. The massive measurements in situ, visual documentation,
comparative studies, can help drastically to fulfill the gap of data into the earthquakes catalogues. The
combination between archeological findings, surface and deep and blind active faults and geophysical
characteristics of the local and regional seismic sources are these fundamentals which helps the discoveries done
in this bilateral cooperation.

APXEOCEU3MOJIO'MYHN U3CITIEABAHUA — BANITAPCKO- PYCKO
CbTPYOHUYECTBO

Boiuiko Panrenos', OpnuH Oumutpos?, AHapen KopxeHkos®, EBreHuin Poroxun®,
AnekcaHabp OBcClOYeHKO®

IMuHHHO-2eonoxkKu yHueepcumem ,Ce. MeaH Puncku” — Cogpus
2MHcmumym no okeaHosnoausi — bAH, BapHa,
SUHcmumym o ¢pusuxa Ha 3emsama O. FO. LLmudm — PAH, Mockea

Knrovyoeu dymu: Apxeoceusmonoeusi, bbrzapo-Pycko cbmpydHudecmso, YepHo mope

Pe3tome: B pamkume Ha cb8MeCmHU MPOEKMU ca rpoeedeHu HSKOMKO eKcrneduyuu C OCHOBHa Uesl
ycmaHossieaHe Ha 3eMempbCHU ehekmu 8bpxy apxeosioaudyecku obekmu (Ha moebpxHOCMmMma Uu paskoraHu.)
U3nonseaH e Ho8 nodxo0d, crieyuasiHo paspabomeHa memoduka u 6oz2am onum Ha creyusnucmume —
yyacmHuyu e paspabomkume. M3mepeaHus Ha MsSCmO, ycmaHoeseawu cucmemamuyHu egeKkmu ebpxy
pasnuyHU cmpykmypu ca 8 ocHoema Ha ornpedesisHemo Ha napamempume U XapakmepucmuKkume Ha MUHaiu
3emempeceHusi. Toea we criomMogHe 3a OonbrieaHe Ha KamarnoxHama uHgopMmayua u Hoeu pe3ynmamu 8
ceucMuyHomo palioHupaHe Ha cegepHOmo rnpu4yepHoOMopue.

Introduction

Despite the relatively well documented catalogue about the local seismicity in Northern Black
Sea area, a lot of unknown and not proved facts exist, especially related to the ancient seismic events.
This area is famous with the development of multihazard natural disasters such like earthquakes,
landslides, tsunamis, floods, storm surges etc. [1, 2], frequently generating each other and thus
creating so called domino effects which are dangerous for the population and the infrastructure [3, 4].
Because of its location on the Black Sea shore the areas were inhabited since very ancient times.
Due to this a lot of historical descriptions exist about different hazardous events observed since a
long time ago. Such situation combined with the earthquake sources located in the aquatory of the
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sea creates still a lot of interest especially among the specialists in seismology, geodynamics,
geomorphology, seismostratigraphy and archaeology. Such situations are creating huge interest
among these specialists. The Bulgarian-Russian cooperation is targeted to the study of seismic
effects over the archaeological sites — excavated of on the surface. The objects of the study are the
North Bulgarian Black sea coast from the Balkans to the Romania-Bulgaria boundary and in Russia to
Kerch and especially Taman peninsula.

Methods, Data and Information Collection

To combine the seismological investigations with the archaeology, the previously developed
methodology was used [5, 6]
The methodology in this study was limited due to the specifics of:

- Earthquake source location in the sea

- The multihazards chains of disastrous events (earthquakes, landslides, water level changes,
tsunamis, surge storms, etc.) frequently affected the ancient inhabited areas [7, 8].

- Archaeological excavations and disclosures of the preserved sediments, destructions and
disturbances limited in space and time, and frequently a lack of finances for extended
arhaeoseismology research when necessary.

- Removal of the deposits during the excavations, which almost always eliminated all signs of
disaster affection to the historical and archaeological sites.

According to the developed archaeoseismological studies before, the following methodology
was applied in depths to support both studies — in Russia and in Bulgaria:

- Data collection by filed observations, measurements, documentation, interpretation and
seismic intensity assessment

- Seismic sources formalization, based on known past earthquakes and seismic zoning.
- New interpretation and the seismic sources formalization.

- Use of the referent seismic event (M7.2 315 March, 1901) relatively well documented with
an extended macroseismic map, good description of the effects of this strong event (secondary
effects generated by it — subsidence, rockfalls, landslides, tsunami, etc.- and their influence to
the environment) to create the calibration curve — intensity vs. distance [4].

- Creation of the calibration curve itself, considering the sea location of the epicenter, the
azimuth distribution of the intensities, intensity attenuation, destructions and disturbances,
etc.

- Selection of the most affected part of the coastal area with the investigated objects.

Research and Discussion

The following archaeological sites have been visited, observations made and
interpretations done according to the described methodology:

Russia

Several national and international expeditions in the frame of Russia-Bulgaria bilateral project
cooperation focused on:

- Gorgippia — ancient city (Greek colony) located in the centre of Anapa city. Many seismic
effects have been observed.

- Raevskoe — ancient fort, mostly under the recent sediments.

- Utrish — natural reserve area with a lot of expressions of the paleosesimogenic dislocations,
landslides and silt volcanoes.

- Fanagoria — huge ancient city located to the bay of Taman peninsula. Many archaeological
layers are discovered which preserve a lot of seismic deformations.

The study of ancient objects has revealed a number of seismically induces deformations and
destructions: systematic tilts and shifts of upper parts of the walls, as well as their arch-like warping in
plan; shear ruptures; rotations of different components of walls and other building elements around
vertical axis; squashing of water wells’ mouths and stems. Some of mentioned deformations can be
formed during strong historical earthquakes in 3@ and 1st centuries BC, as well as in 1%t and 3rd
century AD. There seismic events were accompanied by local destructions and fires. Summarizing the
data on historical earthquakes of the Taman’s Peninsula it can be concluded that regional seismic
potential is determined by a possibility of M = 7.0 crust earthquake occurrence with average
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recurrence interval — one seismic event if few hundred years. Seismic oscillations in the source zone
from such natural events are about lo = IX or even more [9, 10].

Bulgaria

Several national and international expeditions in the frame of Bulgaria-Russia bilateral project
cooperation to the sites:

- Durankulak - very ancient site developed in long time interval from Neolithic structures to the
medieval buildings with observed seismic effects.

- Balchik — famous with its Cybela temple destroyed by a complex disaster (earthquake,
tsunami, landslide).

- Kavarna — ancient Greek colony Bisone, flooded by tsunami generated by huge landslide,
generated by an earthquake.

- Kaliakra — ancient city, castle and fort, source of many paleoseismodislocations.
- Varna - old city Odessos, with observed seismic affects on its preserved ancient structures.

- Pobiti kamani. — natural reserve preserved a long lasted geological history of seismic effects in
situ to the stones.

Almost all seismic effects to the investigated archaeological sites, structures (excavated or
surface), or rocks are expressed as fallen stones or bricks or cracks to the direction of the possible
epicenter. The calibration curve derived from the macroseismic map of the M7.2 seismic event of

315" March, 1901 is essential for the investigated objects, observed seismic effects and assessed
intensities. The variations in distances (respective intensities) cover the observed effects and give
the possibility of eventual reconstruction of the acting forces, their directions and correct
interpretation of the observations. There are a lot of effects observed on the archeological sites,
paleoseismological and recently active faults and their activated segments, which could be
considered as sources of the seismic effects to the investigated sites and objects. Sometimes
integrated effects of several seismic effects are impossible to separate.

The most difficult to asses parameter is the time of the seismic event, affected the
respective site and structures. To solve this problem an intensive cooperation between
seismologists, geomorphologists and archaeologists is essential [11].

Conclusion

The extended cooperation between Bulgarian and Russian specialists reveal many new and
unknown facts about the seismic influence to the archaeological objects on Bulgarian and Russian
Black Sea coastal areas. Many objects have been discovered, documented and investigated and new
data and information collected.

This important information is available to the both teams working on the topic and detailed
interpretation will follow by the Russian and Bulgarian specialists.

The promising results are expected due to the systematic deformations observed to all
archaeological objects located in the areas of high seismicity. There are a lot of indications that this
information will drastically change the image of the local seismicity and its influence to the ancient
habitats and the cooperation between seismologists and archaeologists seems to be very fruitful.

Acknowledgements:

Several projects supported this study:

"Research of the Consequences of Strong Earthquakes in the Coastal Areas of Bulgaria and
the Taman Peninsula. Program for bilateral cooperation Bulgaria-Russia. Funded by the FNI (Contract
NeDNTS / Russia 02/20 of 25.06.2018).

RFFI grants - NeNe 19-55-53017 N'®EH_a; 18-55-18014 bonr_a; 18-05-01004 A

The National Science Program "Environmental Protection and Reduction of Risks of Adverse
Events and Natural Disasters", supported by the Ministry of Education and Science (MES) of Bulgaria
(Agreement Ne D01-230/06.12.2018).

References:

1. Bonchev, E. K., Bune V. I, Christoskov L. V., Karagjuleva J. B.; Kostadinov V. B.; Reisner G. |
Rizikova S. V., Shebalin N. V., Sholpo V. I., Sokerova D. C. A method for compilation of seismic
zoning prognostic maps for the territory of Bulgaria; Geol. Balc., 1982, 12, 2, pp. 3-48.

207


https://kias.rfbr.ru/index.php
http://www.rfbr.ru/rffi/ru/contest/n_812/o_2059553
https://kias.rfbr.ru/index.php
http://www.rfbr.ru/rffi/ru/contest/o_2043234
https://kias.rfbr.ru/index.php

8.

9.

Ranguelov, B. K.; Seismicity and Tsunamis in the Black Sea., Proc. Seismology in Europe. XXV Gen.
Ass. ESC, 9-14 Sept. Reykjavik, Island, 1996, pp. 667-673.

Ranguelov, B. K.; Dimitrova S. D.. The secondary effects of earthquakes. Vulnerability, objects at risk and
risk reduction., Proc. Intl. Conf. VSU’2004., Sofia, Bulgaria, 2004, pp. V-6 — V-11.

Ranguelov, B. Natural Hazards and nonlinearities. BAS, Sofia, Bulgaria 2011; pp. 1-232.

Ranguelov, B. Historical macroseismic observations - a tool for the quake parameters determination.
Book of papers, XXVI Gen. Ass. ESC, Tel Aviv, Israel, 1998; pp. 306—310.

Ranguelov, B. The archeoseismology in Bulgaria — Present and Expectations., Proc. 315! Gen.Ass. ESC,,
Hersonissos, Greece, 2008, pp. 372—-378 (on CD).

Ranguelov, B., Bojkova A. Archaeoseismology in Bulgaria, Proc. Conf. Geoarchaeology and
Archaelomineralogy., Sofia, Bulgaria, 2008; pp. 341-346.

Ranguelov, B., E.Mircheva, |. Lazarenko, R. Encheva. The archaeological site — possible evidence about
multihazard ancient events.

Proc. Conf. Geoarchaeology and Archaelomineralogy., Sofia, Bulgaria 2008; pp. 347—-352.

10. Molev, E. A., Korzhenkov A. M., Ovsyuchenko A.N., Larkov A.S. Potential traces of earthquakes in the

ancient city of Kytaia, Kerch Peninsula, Crimea//Geodesy and Geodynamics. 2019. No. 10.
pp. 321-330.

11. Korzhenkov, A. M., Mazor E. Structural reconstruction of seismic events: Ruins of ancient buildings as

fossil seismographs; Sci. and New Technol. 1999. N 1. pp. 62—74.

12. Paneva, ZI., B.Ranguelov., 2011. Archaeoseismology and reconstruction of the ancient environment in

Bulgaria., Proc. 3" EMUNI student research multi-conference. 2011. pp. 82—-89.

208



S E S 2 0109
Fifteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
6 — 8 November 2019, Sofia, Bulgaria

PROJECT CABARET - EDUCATIONAL PLATFORM
(WP7, MOOCS AND DEVELOPMENT)

Boyko Ranguelov?, Fathimath Shadiya?, Fathimath Nistaran?, Mariyam Humra?,
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Abstract: The CABARET (Capacity Building in Asia for Resilience EducaTion) Project is funded by the
European Union under the Erasmus+ program, to foster regional cooperation for more effective multi-hazard early
warnings and increased disaster resilience among coastal communities. The goal of the Project is to strengthen
the evidence-base in support of the implementation of the new framework. The participants constructed of a
consortium of 14 European and Asian higher education institutions from nine countries - four from Europe and five
from Asia. The Project covers three years period and intend many meetings among participants for data and
knowledge exchange. The MGU and MNU participation are active as co-chairs of the WP7 — “Learning and
teaching tools methodologies and approaches to the MHEW (Multi Hazards Early Warnings) and sustainable
development of the resilience”. The progress and achievements of the WP7 co-chaired by MGU and MNU are
presented and the developments of MOOC’s (Major Online Open Courses) are under discussion. The intended
deliverables include MOQOC'’s, Educational Platform development, Manual for use, Technical and Functional
Specifications, Implementation actions, Students and wider public presentations about MHEWS, International
Cooperation among partners, Sandpit Events, Promotions, etc. The new developments of WP7 are under
discussion.

NMPOEKT CABARET - O6PA3OBATEJIHA NMJIAT®OPMA
(PABOTEH NAKET 7)

Boiiko PaHrenos!, ®atuma Lagusa?, ®atuma Huctapan?, Mapmam Xympa?, Mapuam Eeman?,
Moxamepn Xaiikan U6paxum?

IMuHHHO-2eonoxKu yHueepcumem ,Ce. MeaH Puncku” — Cogpus
2@akynmem o uHxeHepcmeo, Hayka u TexHonoauu — HayuoraneH YHusepcumem Ha Mandusu, Mare,
Mandusu
e-mail: branguelov@gmail.com

Knrovyoeu dymu: ObpasosamernHa nnamepopma, PI17, paHHU npedynpexoeHus.

Pe3rome: [poekmbm CABARET (Capacity Building in Asia for Resilience EducaTion) e ¢puHaHcupaH
om Esgponetickusi Cbro3 no lNpozpamama Epa3amyc+, ¢ yen 0a ycunu peauoHasHOmo cbmpyOHUYecmeo 3a ro-
eghekmusHU cucmemu 3a paHHO npedyrnpexoeHue omHacsawu ce 8o KoMriekcHU bedcmeusi. Yuyacmuuyume ca
14 Eeponelicku u A3usmcku yHusepcumemu om Oegem cmpaHu — 4Yemupu om Eepona u nem om A3us.
lMpoekmbm uma nMPoOOBLHKUMETHOCM Oom mpu 200UHU U OCbUEeC8s18a MHOXecmeo pabomHu cpewu, cemMuHapu u
KOHGbepeHuuu mexdy yvyacmHuyume. MuHHO-Teonoxkusi YHueepcumem (MIY) u Mandusckus HayuoHaneH
YHnueepcumem (MHY) ca akmeeHu ko-eolewu Ha PabomeH [lakem 7 - ,Cb30asaHe Ha UHCMyMeHMU 3a
memodonoauu u nodxodu kbm Cucmemume 3a PaHHo [pedynpexdeHue om KoMrinekcHu 6edcemeHu sieneHus u
ycmodyueomo um ripunazaHe”. Pazsumuemo u docmuxeHussima Ha PabomeH nakem 7 ca deMOHcmMpupaHu,
Kkakmo u uspabomsaHemo Ha OmeopeHu Kypcose 3a 0byyeHue Haco4eHU KbM OUuCmaHUUOHHO obpa3osaHue Ha
cmydeHmu u wupoka rybrnuka. B 3aknoyeHue ca udeHmughuyupaHu HSKOMIKO OCHOBHU HacoKu 3a ycmol4ugo
pasgumue Ha obpa3osaHue:

- Pazsumue Ha omeopeHume Kypcoese 3a cmydeHmume om MHY, kamo ca usnonseaHu modenume Ha
YHueepcumemume om @ununuHume — [e fla Cane u Amereo e Manruna.
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- Cb30asaHemo Ha dgycmpaHHO cbmpyOHuU4Yecmeo mexdy MIY u MHY e e pamkume Ha koopduHauusima
Mex0y msx 8 paMkume Ha pabomeH nakem 7.

- MpedcmassiHe Ha lNpoekma, obpasoeemernHama rnamgopma U OCHOBHUME Kypco8e 8 Hesl.

- MpedcmaseHu ca Hosu crieyuanu3upaHu Kypcose u obujoobpazosemerniHu makuea.

- loka3zaHo e, ye mexOyHapoOHama CbmMpPyOHUYECmB8O ce si8s8a OCHO8EH KOMIOHEHM 3a yCcrewHomo
passumue Ha rpoekma CABARET.

Introduction

One of the most important packages due to the deliverables listed in the Project targeted to all
participants is the WP7 entitled “Learning and teaching tools methodologies and approaches” for the
mulihazards early warning systems and their applications [1]. The intended Educational Platform (EP),
MOOCs (Major Online Open Courses), technical manuals and brochures, together with the use of the
Internet abilities for distant education are the modern tools for Higher Educational Institutions (HEI's)
and their high effective performance of the knowledge for real practical purposes could be the most
useful outputs [2]. During the last months many activities like bilateral cooperation, new concept about
EP, curriculum of the MOOC'’s, etc. have been performed and executed following the research
program and the practical applications [3, 4, 5]. The part of MOOC'’s is good to follow the Curriculum
of Maldives education course (undergraduate level). There some links to other materials (such like
larger and deeper content about Multihazards, MHEWS, case studies etc.) could be incorporated for
students who like to extend their knowledge about different topics of this issue, because the Platform
is targeted to the students of MNU.

International and bilateral cooperation

During the development a lot of activities have been performed:

- Meeting with the team of MNU participating in the CABARET Erasmus+ Project and discussions
about the educational platform and the MOOC’s content of WP7.

- Visit to the Maldives Meteorological Service (The Multihazards Early Warning System — MHEWS
located and functioning there) and shearing experience (book “Multihazards early warning
systems — Bulgarian expertise”) donated to the team of MMS.

- Meeting with the Dean of the FEST (MNU) and shearing experience on natural hazards
assessment

- Visit to the Male (capital with a monument of the victims of tsunami of 2004) and the island
Viligilli.

- Meeting with the vice-chancellor of the MNU and shearing experience on Natural Hazards (book
“Natural hazards — nonlinearities and assessment” donated to the MNU)

- Public lecture “Maldives Mystery (an insight into geological formation of Maldives Archipelago)
held in the Auditorium of MNU (visited by the deputy minister, vice-chancellor, Dean of FEST,
many specialists, teachers and student and more then 300 people), created large public interest
and recorded by the local TV channels.

- Meeting and training with the staff of the Research Unit of MNU, etc.

The meetings and discussions were rather fruitful and some important conclusions have been
extracted:

- Maldives islands are a unique formation of the double chain of coral atolls, an inside sea located
between them, with a unique nature, location and specific problems.

- The sustainable development of the Republic of Maldives has many specifics, related to the
position, coral composition of the islands and large concentration of people in Male.

- The country is rather isolated, which can create huge difficulties in case of a major disaster
possibly affecting the Maldives. Large earthquakes, huge tsunamis, strong cyclones, etc., can
create large destructions due to the low average elevation of the islands.

- In case of a major disaster, if the airports are damaged or destructed, the international help could
be impossible due to the communication difficulties

- Sea transport, such as ferries or sea ambulance accessibility is possible but in larger interval of
time and they can provide only service to the ports that are not affected by disaster.

- The natural protection walls in the sea are difficult to construct, due to the lack of stones, cement,
etc.

- The natural protection by the mangrove forests is also limited, due to the specific soil conditions
mangrove forests required to be planted.

- The problem with the wastes of the islands is also heavy and could create environmental crisis.
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- The water supply is strongly dependent of the purification and desalinization factories, which in
case of major disaster also could be damaged or destructed.

The Maldives are islands archipelago located in calm geodynamic environment, with lack of
local earthquakes, active faults and other large natural disasters. Most of the hazards affecting
Maldives are “imported” (tsunamis in the Indian Ocean, possible mega earthquakes, cyclones, ocean
level oscillations — fast, due to the sea wind storms and slow, due to the climate change, etc.). Might
be the only local potential disaster could be the coral reef collapse, but it needs really specific
circumstances (mega earthquake, big blasts, etc.). Other threats are related to the wastes (industrial,
technological, anthropogenic) and lack of deposition sites. This needs special treatment to avoid the
negative ecological consequences.

The cooperation between the MNU and MGU tends to be extended in the fields of
environment protection, disaster’s education and marine research. The MGU has well developed
Department of Ecology, experience in the natural disasters and waste management as well as
expertise in marine research, marine biology and fish industry.

Educational Platform

The part of MOOC’s is good to follow the Curriculum of Maldives education course
(undergraduate level). There some links to other materials (such like larger and deeper content about
Multihazards, MHEWS, case studies etc.) could be incorporated for students who like to extend their
knowledge about different topics of this issue

Other part of other topics of MOOC’s could be developed to the educational platform using
ACCENT Platform including specific topics related to MHEW’s.

Third part of the CABARET Educational Platform (EP) can use published materials for broader
coverage of the topics related to the CABARET activities, using again ACCENT Platform (good
horizontal link with similar projects), as well as other developed sources of information.

The curriculum of the MOOC's is adopted on the basis of the Philippine’s expertise, especially
of the De La Sale University (Manila). The educational platform is decided to use Moodle abilities for
distant and on-line education and the experience of MNU. Course skeleton and several MOOC’s are
proposed with thematic topics and schedule for students in MNU.

A progress in MOOC'’s development has been made during the last year. Lessons structure
has been accepted and unified. It consists of the following elements:

- Definitions — the general explanation is described to introduce students to the terminology

- Physical characteristics — the main physical characteristics of the studied disasters are presented
by measurable parameters to characterize the destructive potential of the hazards

- Examples - various case studies are demonstrated to illustrate the negative consequences of the
disasters

- Lessons learned are summarized to focus the attention of the students to the possibilities to
mitigate and eliminate these negative consequences

- Specifics — many specifics of the different disasters and their effects are developed and explained
to separate and introduce the students to the different aspects of the consequences — social,
economic, psychological, gender, disable people, etc.

- Results achieved are under control by various methods — discussions, tests, seminars, etc.

- Quiz (test) — target tests are developed to control the obtained knowledge, accommodated to the
different assessment scales at national and international level.

First Disaster Management Course (DMC) is finished according the preliminary accepted
educational program.

Conclusion

The international bilateral cooperation between MGU and MNU is established in the frame of
the co-chairmanship of the WP7 — CABARET Project.

A progress of the work performed in the frame of the WP7 of CABARET Project is displayed
including educational platform development and MOOC's.

The co-chaired WP7 by MGU and MNU is under development according to the time schedule
of the Project. First results of MOOC’s are available.

Intended international cooperation among participants of the Project is an essential topic for
the coastal resilience educational platform development.
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Pesiome: [lpedcmaseHu ca pesynmamume om u3crnedeaHe Ha KpynmHUWKUSM pasfioM 4pes
naneoceusMornoxKu mparHweu u daHHUMe om MOHUMOPUH2 C TOCMOsIHHUMe U nepuodudyeHu GPS usmepsaHus.
lNokasaH e Modesn1 Ha MEKMOHCKUMe HarpexXeHus 8 u3moyHomo CpeduzeMHoMopuUe.

RESULTS OF STUDY AND MONITORING OF SEISMOGENE REGION ,,KRUPNIK*
IN S-W BULGARIA

Dimitar Dimitrov

National institute of geophysics, geodesy and geography — Bulgarian Academy of Sciences
e-mail: clgdimi@abv.bg

Keywords: seismogene area, fault, GPS, model

Abstract: We presented the results of a study of Krupnik fault bay paleoseismic trenches, permanent et
periodical GPS monitoring in S-W Bulgaria. The model of tectonic tensions in Eastern Mediterranean used the
GPS data are also presended.

BbBeneHune

PavionbT mexgy cenata Kaguvua, KpynHuk, Bpexanun wn rp. Cumutnn B torosanagHa
Bwnrapusa (dur. 1) e usBecteH ¢ eQHO OT HaW-CUNHWUTE 3eMeTpeceHus nopasunu Eepona ¢ marHutya
(M) 7.3 n 7.8 Ha 4 anpun 1904 r. (KapHuk, 1968). TpycoeTe oT 4 anpun 1904 r. ca no4yBCTBaHU B
uana bbnrapusa, Andanus, Mepuus, Typuwms, KOrocnasus, Utanus, YHrapus, PymbHUA 1 toxxHa Pycus.

CbBpeMeHHUTE CEeU3MONOXKN M TEKTOHCKM n3cnensaHus onpefensaTt KpynHULIKUS pasnoM u
30HaTa OKOJIO HEro 3a Hauh-akTuBHuTe B Bbnrapusa. HabniogaBaHOTO cbrnacyBaHe Ha pervoHanHuTe
HanpeXeHusl, OonpederneHn OT reofe3nyeckus MOHMTOPUHI, C OCBOOOAEHUTE MNpU 3eMETPECcEeHUs
MOMEHTHU HarnpexeHus, CBMAETEeNncTBa 3a MexaHusMa Ha gedopmmpaHe U akTUBHOCTTa Ha Tasu
censmoreHHa 3oHa (Oumutpos, 2009). MNMpeobnagaBawmute pernoHanHM TEKTOHCKM HanpexXeHusl Ha
pastaraHe ce ocBoboxgaBaT MEepUOAMYHO Ype3 akTUBMPaHE Ha OTAEeNHW CErMEeHTU HOpPMarHu
pasnomu - pasceu.
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®ur. 1. CensMoTEKTOHCKA KapTa Ha parioHa C eNUUEHTPUTE U M30cencTuTe Ha ABaTta Tpyca oT 1904 r., nokasaHu
C MPEKbCHATU NIMHUK U C O3HAYeHa C PUMCKM LIMdpU MHTEH3UBHOCT Mo ckanaTta Ha MLWK. Mexannsmute
Ha CeM3MMYHMTE orHuLa ca ot katanora CMT Ha XapBapackus yHuBepcuteT. CbC CUBU Kpbryeta ca 03HayeHu
3emeTpeceHuaTa ¢ 5 < Ms < 7 (Meyer B., R. Armijo and D. Dimitrov, 2002)

®ur. 2. CNbTHUKOBA CHMMKA C kKapTUpaHUTE NOBbPXHOCTHU 13sBK Ha KpynHuwkns pasnom. C ksagpat
€ 03HayeHa 30HaTa, B KOsiTa Ce OCbLLECTBMNXa AeTalnnHuTe n3cneaBaHus ¢ HanpeyHy Tonorpadpckm npodunm
u naneoceuamnyHun TpaHwen (Meyer, Dimitrov et al., 2007).
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U3cnepoBaTenickm naneocemMsMmMyHU TpaHLueun

3a wu3scnegBaHe Ha [ABWXKeHMsTa MO rmaBHMa KpymHULWIKM pasnom u onpefensHe Ha
CEN3MNYHUSA LIMKBN MO Hero Ha 3emeTpeceHusa ¢ M = 7 npe3 2003 r. ce M3nbhHMxa ABe HanpeyHu Ha
KO-CEM3MUYHUTE MOBBLPXHOCTHU Pa3KbCBaHUA M3CNeaoBaTerncky naneoceuMonorMyHn TpaHLien ¢
ObmkmHa okono 10 m n gbnbounHa go 3.5 m (Meyer, Dimitrov et al., 2007).

granite and gneiss

dur. 3. N3cnegosaTencku TpaHLLEN 3a aHann3 Ha CbBPEMEHHUTE ABWXEHNSA MO rMaBHUSA pasnoM u onpeaensHe
Ha cenaMnyHns umnkbn no KpynHuwkus pasnom (Meyer, Dimitrov et al., 2007)

OcobeHOCT 1 TPyQHOCT MpU U3NbIIHEHUTE OBETE Naneocenm3MnyHn TpaHwen Gelle ToBa, ye
N3crnegoBaTeNCKUAT M3KOM onvpa AUPEKTHO B IPAHUTHOTO “TeOriokKO ornepano” Ha pasnoma. B
Cnyyas BaXkHa ponsi U3urpa onuTbT Ha (PPEHCKUTE Konern npu usbopa Ha MecTata Ha TpaHLIeuTe,
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HeJBYCMUCINEHN [AaTUPOBKM Ha ManeoHaxOAdKUTe, KakTo W aHanns3bT W UHTeprnpeTauusTa Ha
pesyntaTtute B CEM3MOTEKTOHCKM acnekT.

B oBeTe TpaHLWwewn ce ycTaHOBM OTMECTBaHE no pasnoma oT 1.5 go 2.3 m, KoeTo CbOTBETCTBA
Ha cpegHaTa CTOMHOCT Ha OnpeaeneHnTe oT reoae3nyeckoTo U TEKTOHCKO u3cneaBaHe 0CTaTbyHU KO-
CeM3MU4HU paskbcBaHus oT TpycoBeTe oT 04 anpun 1904 r. (Meyer, Dimitrov et al.2002), Ha
namepeHn npes 2005 r. oTMecTBaHUA MO rNaBHUSA Pa3sioM.

Pesyntatute oT gaTupaHeTo Ha NMofieonoYBUTE U MaNeoHaxoaKkNTe OT ABeTe TpaHLUen B ABe
He3aBWCMMW €BpOMenckn nabopaTtopum M aHanu3bT UM B TEKTOHCKM acrnekT rfokasaxa, 4e Mo
KpynHuwkus pasnom 3a nocnegumute 10 000 rogmHm (xonoueHa) HaBsIpHO € CTaHano caMoO edHOo
3emeTpeceHue ¢ marimtyg M = 7.0.

M3amepeHun 1 aHanuaupanu 6sixa 12 Tonorpadcku npodunm, HanpevHo Ha KynHuLKMS pasnom,
3a onpedernsiHe Ha ocTaTbYyHUTE paskbCBaHMA OT 3emeTpeceHusaTa ot 1904 r. ocem OT KOUTO ca B
6n130CT Ha ABeTe u3cnenoBaTeNCKy TPaHLLEeW.

Pesyntatute oT nsmepeHuTe 1 aHanusmMpaHyu HanpevyHu Ha pasnoma Tonorpadcku npodunm
NOTBbPAMN HANBIHO NanNeocen3mMoroXKoTO U3cneBaHe OCbLLEeCTBEHO Ypes TpaHLlenTe.

Pesyntatn ot GPS usmepBaHus B rorosanagHa bbnrapus n okonHute 3emu

PenaTtusHute cnpamo ctabunHa EBpona ckopocTtu B toro3anagHa bwnrapus, onpegeneHm ot
NOCTOAHHM U nepuogedHn usmepsaHus oH 2003 go 2013 r. ca ot 2 go 3 mm/year (Matev, 2008)., ¢
n3siIBEHO HapacTBaHe oT cesep Ha tor (Qumutpos, 2009) (dur. 4 n dur. 5).

i"m e b 2908 2% M FIN 24 N 24 O

our. 4. PenatuBHuTe cnpsiMo ctabunHa EBpona ckopocTtu B toro3anagHa bbnrapus n cesepHa Mspums
(Matev,2008), c rpagueHTLT Ha onpeaeneHUTe CKOPOCTH OT ceBep Ha tor (OumunTpos, 2009)
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®ur. 5. CpaBHeHWe Ha penaTuBHU ABMXEHUs cnpsiMo EBpasnsi o1 GPS MOHUTOPWHT Ha U3TOYHOTO
CpenuseMHoMopue OT pasnuyHn Hay4Hu ekunu (Matev, 2008)

®ur. 6. Mogen Ha TEKTOHCKUTE HanpexeHusi B 3toyHoto CpegnsemHomopure oT GPS MOHUTOPWHF
CbC CbBpeMeHHaTa kKuHemaTuka Ha panoHa (Perouse, Dimitrov et al.2014)
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Ha 6a3a Ha pgaHHuTe oT 30 roguwHusa GPS MOHUTOPUHT B u3TouHOoTO CpeamsemHomopue e
HanpaBeH MOJeN Ha TEeKTOHCKUTE HanpexeHus B panoHa, kaTo ca BknoveHu GPS gaHHuTe oT
n3mepBaHuaTa B orozanagHa benrapusa un cemammyHata nHcopmauus 3a 3oHaTa (dur. 6).

CKOpOCTUTE Ha CbBPEMEHHUTE TEKTOHCKM OBWXEHUSI M HanpaBeHUAT OT TAX Moden Ha
TEKTOHCKUTE HarnpexeHusl, NoTBbpXAaBaT onpedeneHns OoT naneocen3mMonoXKuTe u3cneaBaHus
censMmyeH UKL Ha rmaeHust KpynHuwku pasnom (Meyer, Sebrier et Dimitrov, 2007).

AaHann3bT Ha onpegeneHnte oT GPS MOHUTOPUHI ABMXEHMS 1 HanpexXeHnsiTa B panoHa Ha
KpynHuLLKNA pas3nomMm M OKOMHUTE 3eMM MoKa3BaT, Ye B 30HaTa MnpoTMyaT CbBPEMEHHU TEKTOHCKU
npoLiecu, CBbp3aHun ¢ recgnHaMmyHaTa akTUBHOCT Ha nuTocdepaTta B oxHUTE bankaHu 1 Bogewm oo
OTHOCUTEINHO MHTEH3MBHaTa CbBPEMEHHA CEM3MUYHA akTUBHOCT Ha toro3anagHa bvnrapusi.
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Abstract: For deciphering the structure of micro-seismic noise, the use of multi-fractal analysis proves to
be a good enough alternative. If we calculate the spectrum of singularity F (a) in a creeping time window, then
changing its parameters gives information about the change of the noise structure, and therefore about the
structure of the medium in which it propagates. Such changes in the earth structure are associated with the
processes of earthquake preparation and have been established for the periods before several earthquakes in the
Central Balkans.

HAKOW PE3YJNITATU OT PETPOCNEKTUBEH MYNTU®PAKTANEH AHAJTU3
HA MUKPOCEUCMWYEH LWYM NPEAU 3EMETPECEHUA B BBJITAPUA
N NPUNEXALUUTE 3EMU
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Pe3rome: 3a paswugposaHemo Ha cmpykmypama Ha MUKPOCEU3MUYHUSI WYM, U3r0/138aHemo Ha
pakmarnHusi aHanu3 ce okazea edHa docmambyHO O0bpa anmepHamuea. AKO u34yucrisieame CrieKmbpa Ha
cuHeynspHocm  F(a) e nwba3sw; epemesu rpo3opeu, MO MpoMsHama Ha Hez2osume napamempu Oasa
uHbopmayusi 3a NpoMsHama Ha cmpykmypama Ha wyma, U ommam 3a cmpykmypama Ha cpedama 6 KOsimo
moli ce pa3npocmpaHsiea. Takuea U3MeHeHUs1 8 3eMHama cpeda ce cebp38am C npouecume Ha No02omoska Ha
3eMempeceHUsIma U ca ycmaHoeeHu 3a nepuodume npedu HIKOMKO 3eMempeceHus 8 LienmpanHu bankaHu.

Introduction

The development of new methods for earthquake forecasting based on data from geophysical
and, in particular, seismic monitoring is one of the priority goals of Earth science. Seismic records of
twenty-three Balkan Peninsula broadband stations were analyzed, at distances of 1 to 500 km far from
the earthquake on 28.10.2018 with magnitude 5.5 in seismic zone Vranchea. For the analysis, the
Lubusin method was used for fractal analysis of scalar time series.

A scientific goal is to detect common signals based on different earthquakes focal
mechanisms and ignore the "individual" behavior of the elements of the monitoring systems.

Determination of the clear signs for future strong earthquakes on Bulgarian territory and the
neighboring countries is a main task for the project “Exploration of changes in some geophysical fields
preceding the occurrence of earthquakes in the Balkans”, Grant DN 14-1/11.12.2017, financed by
Bulgarian National Science Fund.

The present paper generalizes the experience accumulated in studies of microseismic
background in the (LF) range of periods from 1 to 300 min observed in time interval preceding the
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earthquake on 28.10.2018 with magnitude 5.5 in seismic zone Vranchea. This frequency range is the
least studied and occupies an intermediate position between LF seismology and investigations of slow
geophysical processes such as gravity field variations, crustal strain, and tilt variations, and so on. In
the present paper, the main attention is given to the background behavior of microseisms. Note that
this background contains continuous arrivals from near weak and far strong and moderate
earthquakes.

The joint effect of atmospheric and oceanic processes, tidal deformations of the crust, and the
global seismic process, as well as difficultly identifiable and poorly studied processes in the crust
related to accumulation and slow dissipation of tectonic energy in the lithosphere results in a random
process the study of which by the traditional technique of spectral analysis is ineffective. The methods
of identifying periodicities in an event flow, orthogonal wavelet decompositions, estimates of
multifractal spectra of singularity, and multidimensional measures of coherent behavior were applied
to the study of LF microseismic background in [Sobolev, 2004; Sobolev et al., 2005; Sobolev and
Lyubushin, 2006, 2007; Lyubushin and Sobolev, 2006; Lyubushin, 2007].

Method and Theory

Let F be some random fluctuations in the time interval [t-6 / 2, t + & / 2] (Figure 1) with duration
0 and the reach of the random process for this interval - u (t, 6) (difference between the maximum and
minimum amplitude values) and calculate the mean value of its power degree q:M(5, q)=[(ux(t, 5))% ].
A random signal is scale-invariant [Taqqu, 1988] if M (3, q) ~ 8@ when 5—0, that is, the following limit
exists:

) (@)=limzo(In(M(5,9))/In(5)),

If p(q) is a linear function (q) = Hg, where H = const, 0 < H <1, the process is called monofractal. In
the case where p (q) is a nonlinear concave function of g, the signal is called multifractal. To estimate
the value of p (q) using a finite sample x(t), t = 0,1,...,N -1 we used the method, which is based on the
approach of detrended fluctuation analysis (DFA) [Kantelhardt et al., 2002]. Let us split the entire time
series into non-overlapping intervals of length s:

(2)
and let
3)
(=]
be a part of the signal x(t) , corresponding to interval "k . Let be a polynomial of the order
m, best fitted to the signal . Let us consider the deflections from the local trend:
(4)
and calculate the values
5)
that can be regarded as the estimate of . Let us define the function h(q) as a coefficient
of linear regression between and In(s): fitted for scales range

. It is evident that (q) = gh (g) and, for a monofractal signal, h(q) = H = const . The
multifractal singularity spectrum F(«) is equal to the fractal dimensionality of the set of time moments
t for which the  Holder — Lipschitz exponent is equal to « i.e. for which
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, 0—0 [Feder, 1988]. The singularity spectrum can be estimated using the
standard multifractal formalism, which consists in calculating the Gibbs sum: multifractal formalism,
which consists in calculating the Gibbs sum:

(6)

fragmant of the signal 5 Mulifractal apectrum of singutadty Flo)

Lamobes < ¢ > u
o a7

Fig. 1. lllustration of the multifractal spectrum of the singularity, where: F (a) - the multifractal spectrum
of the singularity or fractal dimension of the set of times t; Aa - width of the carrier of F (a);
a* - a general exponent Hearst.

and in estimating the mass exponent 7 (q) from the condition W(q,s) ~s™@. From (6) it follows that
7(q) =p(q) -1= gh(q) -1. In the next step, the spectrum F(z) is calculated with the Legendre transform:

()

If the singularity spectrum F(@) is estimated in a moving window, its evolution can give useful
information on the variations in the structure of the “chactic” pulsations of the series. In particular, the
position and width of the support of the spectrum F(e), i.e., the values amin, @ max,

, and «” , such that , are characteristics of the noisy
signal. The value #* can be called a generalized Hurst exponent and it gives the most typical value of
Lipschitz-Holder exponent. Parameter Ag, singularity spectrum support width, could be regarded as a
measure of variety of stochastic behavior. In the case of a monofractal signal, the quantity A« should
vanish and #* = H. Usually F (&) = 1, but there exist time windows for which F (&) < 1. Estimates of
minimum Holder-Lipschitz exponent min a are mainly positive. Nevertheless negative values of min a
are quite possible as well [Telesca et al.,, 2005; Currenti et al, 2005; Telesca, Lovallo, 2011,
Chandrasekhar et al., 2016] for time fragments which are characterized by high-amplitudes spikes and
steps.

Used data

This article explores the time interval of 06.10.2018-30.10.2018, preceding the Vrancea
earthquake on 28.10.2018; 00:38:15 GMT; with coordinates 45.7 oN / 26.4 °E; M w = 5.5; h = 150 km.
For the study, vertical component records (BHZ) of 23 seismic stations (Table 1), with records of 100
reports per second (i.e., 8 640 000 reports for 24 hours) are used. In order to obtain 1/2-minute low-
frequency noise time series, the average values of the original recordings at successive time intervals
of 3000 reports calculated for each station — 1/2 minute time series are obtained for all 23 stations.

Eight of the seismic stations — PLOR, PLOR1, PLOR2, PLOR3, PLOR4, PLOR5, PLOR6 and
PLOR7 (Local Ploeschina network), located in the epicentral region (average 20 km from the
epicentres of the two earthquakes) of the Vrancea seismic zone, VRI and DRGR stations are located
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at distances of 30 and 450 km respectively from the earthquake epicentres. All ten listed seismic
stations are part of the seismic network of Romania. The seismic stations PRD, AVR, BOZ, DOB,
NEF, and ROIA, are part of the Provadia Local Seismic Network (LSN-Provadia). They are at an
average distance of 400 km from the epicenters of the two earthquakes, the PSN, PVL, MPE, SZH,
ORH and VLD seismic stations are part of the seismic network of Bulgaria and located at
approximately 370 km, 430 km, 470 km, 380 km, 420 km and 460 km from the epicenters,
respectively. The DJES seismic station is part of the seismic network of Serbia and is at approximately
470 km from the epicenters.

Table 1. Seismic stations used in the study. The last 3 columns represent the time intervals and the number
of 24-hour seismic records, used in the research.

censm. avrutansep reorp. reorp. HaZAMOpPCKO ceH3opu nepuog
cTaHuumn ObIKUHA LMpUHa HUBO 06.10.18 0o 30.10.18
Opoi 24 4. 3anucu
AVR DAS 9AF3 27,6685 43,1178 513 GEOPHON 24
BOZ DAS 98B6 27,4786 43,1044 31 GEOPHON 24
DOB DAS 9C9D 27,4628 43,1790 230 GEOPHON 24
PRD 27,4099 43,1602 128 24
NEF DAS 986E 27,2753 43,2644 343 S13 24
ROIA DAS 9913 27,3778 43,0934 353 GEOPHON 24
PSN DAS A646 28,1359 43,6376 182 KS2000/60s 24
PVL DAS 990C 25,1732 43,1227 210 CMG 24
3ESPC/120
MPE DAS A625 23,7401 43,3560 342 S13 24
SZH DAS 9901 25,9762 43,2653 329 CMG 24
3ESPC/120
ORH 23,9664 43,7263 231 S13 24
VLD 23,4356 43,6899 95 S13 24
VRI Altus-K2 26,2764 45,8665 472 CMG3ESP 24
DRGR Altus-K2 22,7111 46,7917 921 KS54000 24
PLOR Q330 45,8512 26,6498 680 STS2 24
PLOR1 Q330 26,6466 45,8520 706 CMG-40T 24
PLOR2 Q330 26,6437 45,8502 702 CMG-40T 24
PLOR3 Q330 26,6454 45,8539 722 CMG-40T 24
PLOR4 Q330 26,6498 45,8512 730 CMG-40T 24
PLORS5 Q330 26,6635 45,8455 720 CMG-40T 24
PLORG6 Q330 26,6415 45,8419 720 CMG-40T 24
PLOR7 Q330 26,6405 45,8603 831 CMG-40T 24
552

With the used methodology, three informative fractal statistics are estimated at consecutive
time intervals of 2880 report (1 day) for 1/2-minute time series for each station. The estimation of the
values of the noise statistics is made after the separation of the low-frequency trend using an 8th-
order polynomial. Trend filtering is required to eliminate the effects of tidal and temperature
deformations of the Earth's crust in the seismic noise variations and also represents a necessary
procedure for studying the noise’s statistical characteristics. The usage of an orthogonal polynomial
enables the stability of the trend evaluations at the reading points. In this case, the order of the
polynomial (8") was chosen as the smallest one after numerical experiments, thus allowing the
elimination of the day-to-day variations for the intervals of one-day duration (Lyubushin, A. A. 2007).
The question of the regularity of the transition in such a low-frequency domain of seismic signal
recordings naturally arises.

It should be noted that the development of broadband seismological apparatus did not
consider its use for continuous seismic recording over a more extensive frequency range beyond the
earthquake signal frequencies, and is not assumed that seismic sensors could also be used as the
usual inclinometer, i.e., to register the change of signal in the tidal band frequencies. Following
numerical experiments (Lyubushin A. A, 2008), we believe that in solving geophysical monitoring tasks
and investigating earthquake preparation processes, there is a theoretical possibility for broader use of
broadband seismological equipment that exceeds the formal operating frequency limitations, which is
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traditionally used to study individual earthquakes. Fig. 2 shows the graphs, illustrating this
consideration. Continuous, uninterrupted seismic noise recordings of the taken eight stations and a
1-hour discretization step are made. From the initial recordings at a sampling rate of 100 Hz, the
average value was calculated at consecutive time intervals with a length of 360,000 reports, which is
1 hour. In this way, the traditional for gravimetry frequency range is provided. If adhering to the
traditional view of such a procedure, the transition to an hourly discretization step seems
unacceptable. The graphs of the time series of Fig. 1a in their behavior do not differ externally from
similar graphs of the readings of the inclinometers.

Moreover, if we look at the power spectra of the temporal variations of the seismic noise,
recorded with the instrumentation used (Table 1), we see the manifestation of tidal 12 and 24-hour
spectral extremum, even separation of different tidal harmonics at sufficient length of time series. This
example shows that the signal, recorded with modern broadband seismometers, contains low-
frequency components, significantly exceeding the formal limits, specified in their technical passports
by the manufacturer. It is these undocumented and poorly understood capabilities of broadband
seismometers that could be used in this study.

It should also be pointed out that all of the used noise statistics are dimensionless and do not
depend on the scale of the output data. That significantly reduces their dependence on the fact that
different seismometers have been installed at the seismic stations.

Results

The interest towards the positive value of the Hurst exponent estimate (H > 0) is related to the
fact that for self-similar processes it is in the interval 0 < H <1 (Kantelhardt, Jan W., et al., 2002).
Therefore, H (1) > 0 represents a sign of self-similar fractal behavior of low-frequency seismic noise,
indirectly. It is of our interest to separate those time windows, as for all simultaneously analyzed
processes, the Hurst exponent is positive, which is a sign of low-frequency synchronization — a
possible sign of a future earthquake.
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Fig. 2. Graphs of the change in the Hearst (H) metric for different stations combination, calculated in a time
window 1 day and 1 hour displacemen; the red dotted line shows the moment of the earthquake - 28.10.2018
(Vrancha, 00:38:15; 45.7 / 26.4; M = 5.5) and the earthquakes that occurred in the analysed area

The results obtained show that 2 to 4 days before the earthquake on October 28, 2018, with
Mw = 5.5 and 2 to 3 days before the earthquake on October 18.2018 with MW = 3.7, the Hurst index
has a high value (Fig. 2).

The parameter Aa = amax-amin (Feder E., 1991), also called the width of the singularity
spectrum, represents one of the important multifractal characteristics and assessments for the variety
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of random signal behavior. The statistically significant decrease in the average value of Aa reflects the
decrease in the degrees of system’s freedom, generating a signal and thus enables the determination
of the time of preparation of an earthquake.
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Fig. 3. Diagram of the mean values of parameter Aaq, for stations - DJES, DOB, DRGR, MPE, ORH, PVL,
SZH, VLD, VRI, between 06.09 and 28.10.2018. Combined with the graphs of all the earthquakes that
occurred in the Balkan Peninsula in the period 06.10-28.10.2018.
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Fig. 4. Graph of the average values of the parameter Aaq, for stations from the local area network Ploeschina.
The dashed line indicates all earthquakes, occurrences in the analyzed area for the period.
The beginning of the abscissa is 06.10.2018—-00:00 hours (GMT).

Fig. 3 and 4 presents a graph of the overall assessment of the parameter Aa for stations
DJES, DOB, DRGR, MPE, ORH, PVL, SZH, VLD, VRI, and all stations on the network PLOR (i.e., the
average value of Aa). For each station, Aa is calculated in consecutive non-intersecting windows with
a length of 24 hours and a shift of 1 hour over the entire time interval (01.08-30.12.2016, 22 days),
after which the average value for the local area network is obtained. One feature of the smoothed Aa
schedule are the minimums in the 59400 and 199700 minutes, 13 and 10 days before the earthquakes
on 23.09.2016 and 27.12.2016. The other earthquakes in the analyzed time interval are preceded by a
minimum of the width index of the singularity spectrum from 6 to 7 days. We may also note a large
minimum of Aa at 95040 minutes, which precedes the earthquakes at 109796, 119710, and 131759
minutes, and can be assumed to be related to them.
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For assessing the synchronization effects of the results, measuring of the low-frequency microseismic
background for several seismic stations, is used the spectral measure of coherence, proposed by
Lyubushin (1998). It is constructed as a module of the product of the component canonical coherence.

(8) :

where m=2 is the total number of jointly analyzed time series (the dimension of the multidimensional
time series), w is the frequency, T is the time coordinate of the right edge of the scandent time window,
uj (T,w) is the canonical coherence of the jth scalar time row that describes the relationship between
that row and the other ones. The inequality 0 < | uj(r,w) | £1 is satisfied. The closer the value of
|y (T,w)| is to one, the higher linearly are connected the variations of the jth order of frequency w in the
time window with coordinate 1 to the similar variations in other lines studied. Accordingly, measure
0 < A (1, w) <1 describes the effect of the overall coherent (synchronous, collective) behavior of all

signals.
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Fig. 5. Frequency-time diagram of the evolution of A (1, w) (spectral measure of coherent behaviour)
for PLOR1-PLORY stations a); end MPE; NEF; ORH; PSN; PVL; ROIA; SZH ; VLD stations b).

Fig. 5 a) shows the behaviour of the spectral measure of coherent behaviour A(1, w) of the
seismic signal for stations PLOR1-PLORY7, in a time window 20160 half minute reports (7 days) with
720 reports (6 hours) shift for the time interval 06.09.2018—30.10.2018 (the abscissa timestamps
indicate the right end of the time window). From the result we can conclude that the signal
synchronization of all stations has a maximum of all frequencies in 24000 minutes, which is ~ 5 days
before the earthquake which is in 30278 minutes (28.10.18, Mw = 5.5) and b) shows the behaviour of
the spectral measure of coherent behaviour A(T, w) of the seismic signal for stations MPE; NEF; ORH;
PSN; PVL; ROIA; SZH ; VLD. From the result we can conclude that the signal synchronization of all
stations has a maximum from 19000 to 21000 minutes, which is ~ 9 to 7 days before the earthquake..

Conclusion

An attempt to predict strong earthquakes shows insufficient reliability of forecasts only on
seismic catalogues. To increase the effectiveness of traditional forecasting methods, they need to be
supplemented by analysing the multi-dimensional uninterrupted data flow of monitoring networks.
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The search for qualitatively new earthquake predictors such as the effect of increasing synchronization
(coherent behaviour) of scalar components of multi-dimensional time series of monitoring systems is
one of the most pervasive directions in earthquake forecasting.

It is necessary to develop and improve software that can simultaneously analyse hundreds of
hundreds of millions of reports in each signal.
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Abstract: The research compares the number of landslides that have occurred in the period 2010-2017
and the geological prerequisites for these processes by regions in Bulgaria. For this purpose were used official
National Statistic Institute data on landslide crises, geological data from the Map of Geological Hazards in
Bulgaria and data from the Landslide Register of the Ministry of Regional Development and Public Works.

BbBeneHune

CenauunwHnTe npouecu umaT NpUPOAEH UMM TEeXHOreHeH npousxod W moraT ga nopoaaT
KpM3ucHa cuTyaumst B gageH pavoH [1-3]. Te ce knacuduuyupat no MHoOrobporHu 6Genesu: no
AbnboyrMHa - NNAUTKM M ObNOOKM, MO CKOPOCT Ha CBNMMYaHe - O6bp3an M GaBHM, MO Bb3paACT —
CbBPEMEHHN 1 APEBHU, MO MECTOMPOSIBIIEHNE — KpanbpexHW, kpanmopckn n ap. [4, 5]. ObekT ca Ha
reonoXKN, XMAPOreonoXKkn U NHXEHEPHO-TeONOXKN U3cneasaHus 1 npoyusanus [4—15]. Cbv3gasart ce
W ce nogabpxaT PermMcTpu u reoMHOpPMaLnoOHHN CUCTEMMU, BKI. OT aepoKoCcMMYeckn HabnogeHms Ha
CBraYymLLHM parioHn [14-19].

Ha Teputopusita Ha Bbnrapus ca onpegeneHun HAKONKO CBravmLLHM panoHa: CeBepon3TOYeH,
OyHascku, MpegbankaHcku, N3touHopogoncku, N3TtouHomapuwku, Coduinckn n Ctpymckm [1, 4-5].

B panoHa Ha ceBepHOTO YepHOMOpME CBMAYULLHUTE MPOLIECU Ca KOHLEHTPUPaHU OKOINOo
rpagoseTe BapHa u banuuk, kato cBrnauMiiHaTa MBULA € NOYTK HernpekbCcHaTa B yYacTbka oT BapHa
0o KaeapHa.

Mo [OyHaBckoTO Kpambpexue B ydacTbka Mexgy c. [OyHaBum mn yctmeto Ha p. Uckbp
cBrnayuliHata uBuMLAa e MNoYTU HernpekbcHata. B WM3TouHa nocoka Ha p. [dyHaB Mo-3HaYUTENHU
CBMayuLLHM panoHn nma okono rpagosete Hukonon, CeuwoB u TyTpakaH n Cunucrpa.

Cenauuwara B NpenbankaHckms cBNa4unLLeH panoH ca no p. AHTpa, Ha cesep OT rp. Benuko
TbpHOBO, B JloBeluko, CeBnuescko, abpoBcko 1 BpayaHcko.

Mo-ronemuTe cBnauvwa B panoHa Ha M3touHn Pogonum ca no nopeumeto Ha p. Bepbuua, B
CwmonsiHcko u Kbpaxanuncko, npu ¢. [xeben n kpawn c. FopHu BogeH.
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3a N3ToyHOMapuLLKMS CBRadvleH panioH € XapaKTepHo, Ye MMa TEeXHOreHeH XapakTep.
CeBnauuwata ca KOHUEHTpupaHu B panoHa Ha rp. bnbboBo (MuHm Mapuua W3TOK) n npu
c. Obpyune.

B Codhuinckmna cenaduile panoH Tesnm npouecu ca KoHueHTpupaHu okono rp. Codusa - baHks,
KokansiHe, buctpuua n Oparanesuu, cenata Oparosuwmua, KbTuHa n gp.

Mo-onachn cenaunwa B CTpymckus pavioH ca Te3m B [lepHunwkata u BbobGosgonckata
KOTNOBWHa, kpaw rpagoseTe Cumutnu, bnaroesrpag, QynHuua u c. KpynHuk.

B Bwnrapua ca npuetn HOpmaTMBHW akToBe W cTpaTerMdeckn OOKyMeHTU 3a 6opba cbe
ceraymwHmTe npouecu [19-20]. MMHUCTEPCTBO Ha pEernmoHanHoTO pa3BuTue M 6naroycTpomcTBOTO
(MPPB) nogabpxa Peructbp Ha cenauiwarta B bbnrapusi [16—18]. PernctbpbT npegcraBnsisa
WHOPMaLMOHHa CcUCTEMa C eneKkTpoHHa 6as3a [daHHW, KOSATO ocurypsiBa MHdopMauusa 3a
CBIaYMLLHMUTE pPaMoOHU Ha TEpUTOPUSTaA Ha CTpaHaTa HU M Ha panoHuTe ¢ abpasvoHHM npouecu no
YepHOMOPCKOTO M epOo3MOHHKU npouecu no [dyHaBCKOTO Kpanbpexue. PeructbpbT NepuoanyHo ce
aKkTyanuaupa, kato nHdopmMaumsaTa B HEro ce BbBexXAa U Noaabpxa OT AbpXaBHUTE ApyXecTBa 3a
reosawumTa [19].

OpyxecTBaTta ca Tpy 1 PyHKUMOHMPAT Ha TepuTopuarneH NpUHLMN, KakTo cneasa:

v’ [bpxasHo Opyxecmeo 3a eeo3awuma — [lepHuk: rp. Codus, Codua - obnact, MNepHuk,
Kioctengun, bnaroesrpag, [Masapmxuk, lNMnosame, CwmonsiH, CTtapa 3aropa, XackoBo u
Kbpmopkanu [16, 19];

v [bpxasHo Opyxecmeo 3a eeosawjuma — BapHa: Jobpuy, LymeH, BapHa, Byprac, CnuseH u
Ambon [17, 19];

v [IbpxasHo Opyxecmeo 3a 2eo3awuma — lNneseH: BugnH, MoHTaHa, Bpaua, MneseH, lNosevy,
abposo, Bennko TvpHOBO, Pyce, Cunuctpa, Toprosuwe v Pasrpag [18, 19].

HaumnoHanHuat ctatuctudeckn nHETutyT (HCU) nybnukysa ouumanHite rogulliHn gaHHW 3a
Bb3HWKHANM KPpM3NCHN cbbutnsa Ha TeputopusTa Ha cTpaHaTa Hu B Cekuuns ,PernoHanHa ctatmuctuka
W nokasaTtenu 3a MOHUTOpWHT, nogcekuuns ,KpmuaucHn cbbutnsa”. ybnukyBaHuTe AaHHU 3a nepuoga
2010-2017 r. ca pesyntat oT npeacrtaseHute B HCW roguwHm otyetn oT OBLLMHCKM KOMMCUW 3a
3awmTa n nognomaraHe Ha HaceneHueto npu 6eacteud. [laHHuTe obxBawaT: (1) WeTn oT HacTLAMMK
CcbOUTKSA, KOUTO Ca YCTAHOBEHM M MPOTOKONUPAHU OT YNIEHOBETE Ha komucuute; (2) cpeactearta 3a
Bb3CTAHOBSIBAHE MO M3TOYHWK Ha nogrnomaraHe (ot lNpaBuTtencrTBeHaTa kKOMUCUsS KbM MuHucTepcku
CbBET, M3NNaTeHn 3acTpaxoBku, nomowm oT EBponerickus cbiosd); (3) pasxoaum 3a crnacuTenHu u
HEOTNOXHN aBapunHu paboTn (NMpedBuMAOEHUTE cpeacTBa B MMaHOBETE 3a 3aluMTa, OTnycHatuTe
JONMbIHUTENHO cpeacTBa B onpedeneHn cutyauum) [21].

Llenta Ha HacTosiwaTa paboTa e ga ce HanpaBu CbMoCTaBka Mexay Opos Ha craHanwm
KPM3UCHN CbOWUTMA OT cBnauuwa W reorioXKUTe MNpearnocTaBkM 3a Te3u Mpouecu no pavioHn B
Bvnrapus.

O6GeKkT n meToaMn

O6eKkT Ha uscneaBaHe ca CTaHanuM KPU3NCHW CbOUTMS OT CBRadullia Ha TepuTopusita Ha P
Bbbnrapusa 3a ocemroguiieH nepmnog — ot 2010 go 2017 r.

3a cbhnocTaBuUTENHWS aHanu3 ca M3nonssaHu oduumanHn gaHHn Ha HCW 3a HacTbnunm
KpWU3n OT CBriayuLla, reonoxkn gaHHu ot KapTa Ha reonoXkuTe onacHOCTU B CTpaHata HU U JaHHMU OT
Peructbpa Ha cenavuwara kem MPPB.

PesyntaTtn v auckycus

Mo oduumnanHu gaHHm ot HCU 3a nepuoga ot 2010 go 2017 r. ca HacTbnunn obwo 39 837
Opos kpu3aucHn cbbutnsa. 5 713 ot Tax (14,34 %) ca Bb3HMKHANM crieacTemMe Ha npupogHun 6eacTeums
(chur. 1).

3a nepuopga ot 2010 go 2017 r. kpu3uTe OT HaBoaHeHUs (3 241 6p.) n Te3n oT aTMOCEPHU
aBneHus (BATbpHU Bypu — 773 6p., cHexHuTe Bypn — 561 6p., rpagywkm — 104 6p., 3anegsasaHe — 422
Op.) 3aemart Hawn-ronsm oTHocuteneH asn — 6nu3o 90 %. Kpuaute, npuumMHeHun ot ceradmya, ca 561
Op., a Te3n ot 3emeTpeceHns — 51 6p. nnm camo okono 10 % ot obwmsa 6pon (dur. 2).

TyK e BaXHO Aa ce oTyeTe, Ye:

a) yacT OT perucTpuvpaHuTe KpU3UCHM CbOWTMA OT noXapu MOXe [da ca CrneacTBue Ha
camosanarnBaHe, nopagu BWCOKM TemnepaTypu, KoeTo 6u rm OTHecrno B rpynata Ha cbbuTuaTa oT
NPUPOAEH XapakTep;

6) B rpynata Ha OpyrM Kpu3ucHuM CcbOWTUSi, MOXe da Cca OTHEeCeHW M TakuBa, KOUTO umat
NPUPOAEH XapakTep.

PegHo e ga 6baat oTHeceHu B rpynarta Ha npupogHute 6eacTBus, HO OT NMpeacTaBeHnTe B
HCW gaHHM He e Bb3MOXHO NogobHO pasrpaHnyaBaHe.
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®ur. 1. bpon Ha kpuaucHuTe cbbutna B Bbnrapus no rpynu 3a nepnoga 2010-2017 r. (Mo aaHHm ot HCU [21])

®ur. 2. OTHOCUTENEH AN Ha KpUsUcHK cbbuTns B Bbnrapus no Bua npupogHo 6eacteune
3a nepwoga 2010-2017 r. (Mo gaHHn ot HCU [21])

O6wmaT 6port Ha KpuauTe 3a pasrnexgaHusi nepuog, NpUMUYMHEHM OT CBnayuwa, € 561. Ha
dour. 3 e npeAcTaBeHo TAXHOTO panpeneneHune rno roguHu.

dur. 3. KpnsucHu cbbutus ot cenavmiiHm npouecu B bvnrapus no rogmHu 3a nepmnoga 2010-2017 r.
(Mo gaHHM oT HCU [21])
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O606LeHnTe gaHHM 3a HACTBLNMAW CBRaYuLLHM Kpu3n no obnactu 3a nepmoga ot 2010 go
2017 r., ca npeacTaBeHun Ha ur. 4.

Kpu3ncHu cbOuTHA OT CBNavuLLya B anrapuﬂ
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®ur. 4. Bpow Ha kpuancHUTe cbbuTUs OoT cBnaunwa B benrapusa no obnactu 3a nepuoga 2010-2017r.
(Mo paHHM oT HCU [21])

OT npeactaBeHnTe AaHHU Ha dur. 4 ce BKAA, Ye KpU3MCHUTE cbbutns cbenagaT gobpe ¢
panoHuTe, onnucaHu B Kapta Ha reonoXknte onacHocTu Ha bbnrapua [4-5] u BknoyeHn B Pernctbpa
Ha cBrayvwara B cTpaHaTta Hu (dowr. 5) [16-18].

w2 _ g":\f. . M

o
‘.- "t’k‘\o v

our. 5a. CbcTosiHME Ha cBnayun-
waTta B panoHa Ha [eosawmuTta
MepHuk, Pernctbp cBnauvwarta
B bbnrapusa, cantbT e noceTteH
Ha 10.10.2019r. [16]

dur. 56. CbCToOsiHME Ha CBRavu-
wata B panoHa Ha [eoszawuTa
BapHa, Pernctbp cBnauvwata B
Bwnrapusa, caiTbT € noceteH Ha
10.10.2019 . [17]

dur. 58. CbCcTOsIHME Ha cBRavu-
wata B panoHa Ha [eosawmuTa
[neseH, Pernctbp cenauynwata B
Bvnrapusa, caiTeT € noceteH Ha
10.10.2019r. [18]

JlereHpa:

I A«tvsHO

MNoTeHumanHo

I Cra6unuaupaHo

Hama nscnegeanus

lMpaBu BnevatneHue, Ye 3a nepmoga MMa camo 4etmpu obnactu 6e3 pernctpupaHn Kpusm ot
cBnauuwa — Cunuctpa, Pasrpag, Am6on n Ctapa 3aropa (cwr. 4). B cbLLOTO BpemMe ce 0TuuTa, Ye B
Tpu oT Tax (CunucTpa, Pasrpag n Ctapa 3aropa) nma oTpaseHu CBnavmHu npowuecu B Pernctbpa Ha
cenauuwiata (cur. 5). MNMpuunHa 3a Te3n Ha NpbB Morneq HeCbLOTBETCTBUSA €, Ye: 1) B Peructbpa Ha
CBraymwiata ce BNMCBaT M TakMBa ODEKTM, KOMTO He ca AOBenu OO0 KpuaucHa cutyauums [19]; 2) B
Perncrbpa nma BnncaHun cenauuiia ot apyri BpeMmesu nepuoamn [16-18].

Han-mHoro kpuan ot HCU ca otyeTteHn B obnact Kepmkanu — 127 6p. nnm 6nm3o 30 % ot
KPU3UCHNUTE CbOUTKA OT CBAYMLLHM NPOLLECH ca HAacTbNuNu B Tasu obnact [21]. Cenayvwara B T03u
panoH ca OT KOHCUCTEHTEH TUMN U Ce aKTMBU3WpAaT fleCHO CreACTBME Ha 3avecTsBaHe Ha BanexwuTe.
"e0NOXKMAT CTPOEXK Ha TO3UN palioH MOXe Aa 6be NpeAcTaBeH CXeMaTUYHO KaTo ABYCMNOEH. [opHUAT
CnoWn e uarpageH oT NponycknMBU ckanu, a AONHUAT — OT NNacTUYHU CKanu C ronsiMa NopuosHoCT 1
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HMCKa NPOMYCKNMBOCT. Tasu xapakTepHa reorioxka obcTaHoBKa BoAM [0 obpa3yBaHe Ha CBnavuwia
npv NOBWLLABAHE KONMYECTBOTO Ha BanexwuTe [8, 9].

3akno4eHune

Pesyntatute ot obpaboTkata Ha oduumanHuTe CTaTUCTMYECKN OaHHKM 3a nepuoga oT 2010
go 2017 r., nybnukyBanm ot HCW, nokassat, 4e okono 10 % OT Bb3HUKHANUTE KpM3n C NpUpoaeH
XapakTep ce ObJhKaT Ha CBNaYvMLLHN NPOLEeCH.

YcTaHoBEHO €, Ye nma Jobpo cbBnageHne Ha obnactute C Bb3HWKHANM CBRAYULLHM KpU3KM C
panoHnTe, onucaHn B Kaptata Ha reonoxkute onacHoctu B Bwvnrapus m BknoyeHute o6ektn B
Pernctbpa Ha cBnauyniiara.

3a npoydyeHus nepuoa MMa KOHCTaTUMpaHO He3HA4YMTenHO HEeCbOTBETCTBME B [AaHHUTE,
ny6nukyeaHn ot HCU n B Pernctbpa Ha cBnauvwaTta 3a obnactute Cunuctpa, Pasrpag n Crapa
3aropa, Tbi kaTo: 1) B Pernctbpa ce BkoYBaT M 00EKTU, KOUTO He ca KnacuduumpaHu kaTo ,kpusu”
1 2) uma pasnuka BbB BPEMEBUSA NEPUOL HA PErMCTPUPaHe Ha JaHHUTE.

Han-mHoro cenaunwHm kpusm (30 %) ca otdyeTeHn B obnact Kbpmpkanu, KOeTo € CBbp3aHo
CbC cneumduyHaTa reosfioxka obcTaHOBKa B parioHa - CBRayuliata ca OT KOHCMCTEHTEH Tun u ce
aKTMBM3MPAT NECHO OT NMOBMLLEHO KONMYECTBO BanexMu.

BnaropapHocTu: Hactodwara pabota e ocbuiecTBeHa B Jlabopatopus no npupoaHu
Bencteua u puckose u JlabopaTtopusa no reonorms kbM bakanasbpcku dhakynTeT Ha Hos Gbnrapcku
YyHUBEpPCUTET.
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Pe3rome: Pazgumuemo Ha UHGhoOpMayUuOHHUME U mesieKOMyHUKaUUOHHU MEXHOI02uU ca 8aXHU KaKmo
3a u3dyvyasaHemo Ha npupodHuUme 6edcmeusi, maka U 3a HaspeMeHHa peakuusi Mo fpurazaHe Ha aeapuliHo-
crnacumenHu deliHocmu ciied HacmbrigaHe Ha makoea siefieHue.

PassusaHemo Ha cucmemume 3a HabnrodeHue Ha rpupodHU bedcmeus e 6bdewe we dasam no-
HaspeMeHHa U MmoYyHa UHGhopMayus 3a msxHama nosiea. TenekoMyHUKauyuoHHUmMe cpedcmea ca HeUu3MeHHa
yacm om enobanHume cucmemu 3a MOHUMOPUH2 U fpeseHuuss Ha MpupoOHU b6edcmeusi, Kakmo U 8
opeaaHu3ayusima o okaseaHe Ha nomou, Ha nocmpadanume crned Hacmbunu nPUPodHU 6edcmeusi.

B Hacmosiwama paspabomka ce npedcmass 0630peH npeaned Ha crieyuanusupaHu cucmemu 3a
npeseHyusi om npupoOHU bedcmeusi, 6a3upaHu Ha MENeKOMyHUKaUUOHHU MEeXHOo/o2uuU, Kakmo U
anmepHamueHU cucmemu 3a ocuaypsieaHe Ha KOMyHUKauus rnpu 6edcmeeHu cumyayuu.

APPLICATION OF RADIO-COMMUNICATION EQUIPMENT FOR PREVENTION
AND RESPONSE TO NATURAL DISASTERS

Dimitar Ilkov?, Ralitza Berberova?, Georgi Petrov?

INew Bulgarian University, Department of Telecommunications
2New Bulgarian University, Natural Sciences Department
e-mail: rberberova@nbu.bg, gpetrov@nbu.bg

Keywords: radio telecommunications equipment, natural disasters

Abstract: The development of information and telecommunication technologies are important both for
the study of natural disasters and for the timely response to the implementation of emergency response activities
after such occurrence.

The development of systems for natural disasters monitoring in the future will provide more timely and
accurate information on their occurrence. Telecommunications are an integral part of global systems for the
monitoring and prevention of natural disasters, as well as in the organization of assistance to victims of natural
disasters.

This paper presents a comprehensive overview of specialized systems for the prevention of natural
disasters based on telecommunication technologies, as well as alternative systems for providing communication
in emergency situations.

BbBeneHue

MpupogHuTe GeacTBUS ce xapakTepusupaTt C BHe3arnHa nosiBa, LIeTu U HeobxoaumocT oT
KOMYHMKaLMA 1 KOOPAUHALIMS NPU CNPaBsSIHETO C NopofeHaTa oT TAX cuTyauus [1-6]. OBUKHOBEHO npwu
Te3n cbOUTUA NuncaTa Ha KOMyHUKaLMS € OCHOBEH NpobneM. Tyk ponsita Ha TENeKOMYHUKaLMOHHUTE
WHXEHepU e OT CbLUECTBEHA BaXHOCT. HeBuHaru obade, € Bb3MOXHO WHXEHepUTe [a Bb3CTaHOBAT
KOMYHVKaLuMTe HaBpeme. B To3n MOMeHT egHO xobM, KOETO e MOo3HaTo OT CaMOoTO 3apaxpaHe Ha
€MNeKTPOHHUTE KOMYHMKaLUMM MOXe [a NoAMNOMOrHe Bb3CTAHOBSIBAHETO Ha KOMYyHMKauumsTa.
PagvontobuTennTe ca o6LLHOCT OT NPOtEeCMOHaNHO U BCECTPaHHO Pa3BUTU XOpa No LA CBAT, BUHAru
roToBW Aa Ce OT30BaT B MOMOLLY Ha OOLLECTBOTO Npu HEOOXOAMMOCT, 0COBEHO KoraTo e 3acTpalueH
XXMBOTa Ha MHoro xopa [7-8].
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Ll,enTa Ha HacTtodlwlaTa pa3pa60TKa € [a npeacrtasu 0630peH nperneg Ha cneunanundnpaHu
CUCTEMU 3a NnpeBeHuUnAa OT NpUpoaHu 6encTeug, 6a3mpaHv| Ha TeNneKoOMYHUKaUMOHHU TEeXHOJ10Imu,
KaKTO 1 anTepHatnBHU CUCTEMU 3a OCUTYpABaAHE HAa KOMYHUKaLUUA Npu OencTeeHn cutyauunn.

Pe3ynTtatu n gpuckycums

CneyuanusupaHu cucmemu 3a npeeeHyuss om npupodHu 6edcmeusi, 6a3upaHu Ha

meJieKOMYyHUKayUOHHU MexHoJio2uu

B cBeToBeH Mallab CblUecTByBaT M Ce M3MOM3BaT CUCTEMM 3a HabniogeHue, oTymTaHe,
KateropusnpaHe w npepynpexaeHme 3a HacTbnBaHe Ha NpupoaHu 6e,lJ,CTBI/IF| C uen paHHo
OMNOBECTsIBAHE Ha HaceneHueTo, 3a Aa Obaar cBegeHM OO0 MUHMMYM MNOTEHUWanHUTe XepTBu U
mMmartepunanHu nocneguun. TyK Cce pasmexgart u ANCKyTupart cneunann3npaHn cucteMmmn 3a npeseHuus
Ha oTAENHU NpUpogHn 6e,lJ,CTBI/IF|, KOUTO Ca 633I/IpaHI/I Ha TeNNEeKOMYHUKALUOHHUTE TeXHOJI0TUN.

lpeseHyusi om 6bJIHU UyHamu

CoHpauTe 1 BynoseTte 3a npedBapuTenHa AETEKUMS Ha BbilHA LyHaMW Ca BaXKEH enemMeHT OT
paHHOTO OMOBEeCTsBaHe Ha HaceneHueTo npu HabnmkasaHe Ha onacHaTta BbnHa. OT HaumoHanHata
areHumnsa Ha okeaHckute n atmocdepHu nscnegsaHna Ha CALL (National Oceanic and Atmospheric
Administration, NOAA) pa3snonarat aBTOHOMHU OETEKTOPM Ha NMPOMSAHa Ha HMBOTO Ha MOpcKaTa Boja.
lMpuBBbP3aHN KbM KOTBA, T€ CMEAST Ha KOHKPETHU Nno3vumm HaBbTpe B MopeTto. [pu npomsiHa Ha
HMBOTO Ha BopaTa OysaT ce Hagwura, KoTBaTa oMbBa AaTyMuute OTAONy Ha Oya U ce akTuBupa
anapmeHa cucrtema. [NocTbNUNUAT curHan ce aHanuaupa JOMbIHWUTENHO C AaHHW OT rnobanHara
cuctema 3a nosvumoHnpaHe (GPS), kaTo ce oTyMTaT HMBATa Ha BMCOYMHA Ha CEH30pa, U C AaHHW OT
WHTErpvpaHaTta MeTeoporiormiyHa ctaHums. Takaea e cuctemata DART (Deep-ocean Assessment and
Reporting of Tsunamis), paspaboteHa n nsnonssaHa ot NOAA 3a n3cnenBaHe 1 paHHO OMOBECTSABaHe
3a HacTbMNBaHe Ha BbiHU LuyHamu (dur. 1).

dur. 1. MNpuHumnHa cxema 3a paboTata Ha cucTema 3a PaHHO ONoOBeCTsIBaHe Ha BbJlHA LiyHamu
[https://www.ndbc.noaa.gov/dart/dart.shtml]

lpeseHyusi om 3emempeceHus

CensmonornyHnTE CEH30pn Ca BaXkHa 4acT B AeTeKkuusaTa, u3cneaBaHeTro M NporHo3upaHeTo
Ha ronemmn 3emeTpeceHus. B waxta ce 3anara CEeU3MONOrMYEeH CEH30pP, CBbp3aH KbM
pagvonpegaBartenHa anapaTtypa. Tasu anapaTypa npefaBa [aHHUTE KbM LEHTpanuaupaHata
cucTema 3a OTYMTaHe U CbXpaHeHue Ha AaHHuTe 3a aHanus (dwur. 2). MNMpeasug HeobxoaumocTTa oOT
CTOTMLM ceH3opu, paboTewn B egHa obwa mpexa, TenekoMyHukauuute ca HeobxogumocT 3a
TpaHcdepa Ha gaHHM B peanHo Bpeme. Taka ce rapaHTvMpa no-0bp30To M TOYHO JloKanmM3upaHe Ha
OrHWLLETO Ha eHO 3EMETPECEHME.

AROADRAMD
v hehisee

®ur. 2. MNpuHUMNHa cxeMa 3a PYHKLUMOHNPAHETO HA CEN3MONOrMyHa Mpexa
[http://ww.imseismology.org/regional-monitoring/]
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lMpeseHyusi om 2opcKu noxapu

B npeBeHUMATa C ropckUTE NOXapw NP PasBUTUETO Ha HOBUTE TEXHOMNOMMK paspaboTynymTe
BHeAPsiBAT Kamepu 1 TEpMarHy CEH30pK, PasnorioXXeHN Ha Bb3NOBU MecTa B FOPCKUTE TEPEHU C Hal-
BEPOSITHA OMACHOCT OT Bb3HMKBaHe Ha noxap. OOMKHOBEHO TE€3M MecTa ca B HeOCTbMHU MIaHUHCKU
rOPCKN MacuBU, KbAETO NOCTOSIHHOTO HanuuMe Ha OEeXypHU onepaTopu e Hemucnumo. Tean cTaHumMm
ca aBTOHOMHM, CbC 3axpaHBaHe OT COMapHU CTaHLMW U HE3aBUCUMA PagMOKOMYHUKAUMS, TbiA KaTo B
nogo6HU BUCOKOMMAHUHCKM MECTHOCTU MOBUITHUTE OonepaTopu He MoraT Aa OCUTYPSIT MOKpUTHE.

CobluecTByBaT pasfMYHM BMOOBE CTaHUMM 3a OETeKUMUsl Ha MoXapu B FOPCKU MpeceyeHn
macueu. MokasaHaTa Tyk CTaHUMA € cHabaeHa ¢ kKamepa 3a BuU3yasriHO 3acu4yaHe WM pasrno3HaBaHe Ha
nokapa, KakTo 1 aHanu3aTop Ha TBbpAW YacTuLUM M CbCTaB Ha ra3oBeTe B OKkonHaTa cpeaa (dwur. 3).

our. 3. Cxema ¢ obopyaBaHeTo Ha CTaHumsTa ®ur. 4. MNprHUMNHa cxeMa 3a PEeHKUMOHUPAHETO Ha
[https://mww.lufft.com/blog/en/forest-fires-drought- cuctemara
and-floods-extreme-weather-in-australia/] [https:/mww.waldwissen.net/waldwirtschaft/schaden/bran

d/fva_waldbrand_wb3/index_DE]

MOHUTOpPHUTE CTaHUUKM ce pasnornarart B FOpCKATE MacuBW U NOKPMBAT KOHKPETHW TEPUTOPUN,
KaTo ce panoHupart v npegaeaTt AaHHU KbM KOOPAMHAUMWOHEH LIEHTbP 3a aHanu3 Ha gaHHute (dwr. 4).
CbBpeMeHHWTEe CTaHuMM ca cHabgeHu cbC codTyep 3a aHanv3 M OeTeKuMsl Ha MnamMbun U MyLUeK,
crnep KOeToO JaHHWTE ce npedaBaTt KbM LieHTbpa KaTo anapma, 3a Ja MOXe onepatop Aa v otcee u
aHanuaupa (dur. 5 n dur. 6). MNMocnegsawuTe OENCTBUA Ca U3LANO MO YCMOTPEHUE Ha onepaTtop crnea
aHanusa uw.

our. 5. Peructpupaxu nnambum ur. 6. PernctpupaH aum
[http://signal.ee.bilkent.edu.tr/VisiFire/] [http://www.firesafemarin.org/remote-fire-detection-
cameras]

lNpeseHuusi om pasnueu Ha peyHU Kopuma

KOHTpoONbT Ha HMBaTa Ha peEYHUTE KOpUTa € BaxHa 4acT OT MNPEeBEHUMsTa U PaHHOTO
OMOBECTSIBaHe Ha HaceneHNeTo Npu o4akBaHM HaBoaHeHus. CeH3opuTe ce pasrnoraraT no nopeyusTa
Ha pekuTe W cregsaT HMBaTa Ha BoAaTa, KaTo JaHHMTe ce nogaBaT KbM MOHUTOPUHE LIEHTPOBE U ce
aHanuaupart, 3a ga ce npeanasu HaceneHMeTo OT HaBoAHeHMs. Ha Hawwute reorpadCku WUPUHK ce
3abena3Ba Bce No-ronsiMa TeHAEHUMS 3a 3a4ecTaBaHe Ha HaBoaHeHuATa [3, 15, 16].
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SECURE AT RO TS

®ur. 7. MNprHUMNHa cxema Ha cucTema 3a NpeBeHUMst OT HaBOOHEHNS ®ur. 8. Anapatypa 3a MOHUTOPUHT
[https://www.fondriest.com/environmental-measurements/environmental- Ha peka
monitoring-applications/stream-and-river-monitoring/] [https://www.fondriest.com/environ

mental-measurements/
environmental-monitoring-
applications/stream-and-river-
monitoring/]

MocToBeTe ca BaHa cTpaTermyecka Touka 3a HaceneHWeTo, a B OTAENHWM cryyYau ca U
€VHCTBEH MOAXoAd KbM AadeHo HaceneHo mAcTo. [Nopaau ToBa MHCTanNMpaHeTo Ha M3MepBaTeriHu
CcMCTEMW MO MOCTOBETE € HanoXWTenHo. Ha Te3n CbOopbXKeHUs ce WHCTanupar HUBOMEpPU U
pagvoanaparypa 3a usnpalliaHe Ha AaHHUTE 33 PeYHOTO HMBO KbM LIEHTPOBE 3a aHanua Ha AaHHUTe U
B3/IMaHe Ha CBOEBPEMEHHW MepKM Mo NnpoBepka Ha MNPOXOAMMOCTTAa Ha MOCTOBUTE CbOPBLKEHWS,
KaKTO 1 eBEHTYarnHo ONoBeCTSIBaHE Ha HAceNneHMeTo 3a eBakyauus.

our. 9. MNMpumep 3a MOHTMPaHa anapaTtypa 3a ONoBeCTsiBaHe Ha HABOAHEHUS
[https://www.fondriest.com/environmental-measurements/environmental-monitoring-applications/flood-warning-
systems/]

AnmepHamueHU cucmeMu 3a oOcu2ypsisaHe Ha KOMYyHUKauusi npu 6edcmeeHu
cumyayuu

Bbnpekn ycunuata Ha KOMNETEHTHUTE OpraHy 3a usrpaxaaHeTo M NoAAbpXKaHeTo Ha
CMCTEeMW 3a paHHO OMnoBecTsiBaHe OT NMPUPOAHU GeACTBUS U HAaBpPeMeHHa peakuus Npu nosieata um,
4YecTO B TaKkvMBa CUTyaUMW KOMYHMKauuATa € 3aTpydHeHa WM HeBb3MOXHa. Tyk ce npeacTaBaTt
anTepHaTUBHM CUCTEMU 3a OCUTypsiBaHE Ha KOMYHWUKaLMs npu 6eacTBeHU cuTyauun. PassicHeHu ca
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HSAKOMNKO CUCTEMM, KOWUTO paguonobutenckata cnyxba u3nonssa npu OpraHM3NpaHeTo Ha
KOMyHMKauMaTa Cu € Len nogromaraHe Ha cunuTe Ha peda U MECTHUTE BNacTu no permoHn. 3a uenTa
Ce 13non3ea B3aMMcTBaHMAT OT apyrmn abpxasu BEN (Bulgarian Emerency Network) npoTtokorn.

OpzaHu3ayus Ha penumepHa Mpexa rnpu 6edcmeus u asapuu

Mopagn cneumndmkata Ha peneda m dusmyeckute ocOBEHOCTM Ha pPa3npOCTPaAHEHUETO Ha
pPaguoOBBLIIHUTE, KakTo M C Uen paswupsBaHETO Ha obxBara Ha KOMYyHWKauuuTe, ce u3nonasat
peTpaHcnvpallm paguocurHana cbopbXeHus. [o-ronsiMata YacT OT Te3N CbOPBXEHUSI Ce UHCTanmpar
B OCUTYpEHM TOYKM KbM MoMeHTa (obektm Ha HYPTC, HaumoHanHo ynpaeneHue ,Pagno u
TENeBU3NOHHM CTaHLMK”), KaTo Te ce cYnTaT 3a KOMYHWKaLMOHHM TOYKM C NPUOpUTET 1 ce obcnyxeaT
W NogabpXaT oT paguontobutenute ¢ npuoputeT. [Npn 6eacTBus cutyaumm n asapum obade, HULLO He
€ CUrypHO U C rapaHTupaHa 6e30Tka3HOCT Ha pabota. Nopaan ToBa € HeobxoamMmo aa ce copmupat
rpynu 3a nsrpaxkgaHe Ha KOMYHUKaLWOHHN CbOPBXEHUS (PENUTEPHM TOYKK), ako AencTBallaTta Mpexa
KbM MOMEHTa He e 3acerHara Wnu nuncea TakaBa B KOHKPETHWs1 pervoH. lNpu TpanHa noBpena u
HEBB3MOXHOCT Oa Cce Bb30OHOBM KOMYHMKauuATa, Ce CcTapTupaTr BPEMEHHU PENUTEPHU TOYKM
(MobunHu penntpun) 3a obesnevaBaHe Ha KomyHukauuatTa. O6ekTUTe, Ha KOMTO Ce U3rpaxaaT TOUKUTe
3a KOMYHUKauunsa, 0BMKHOBEHO ca MNOACUTYPEeHU C OONBIHUTENHO 3axpaHBaHe 1 oxpaHa. Tam, KbaeTo
HSIMa aKTUBHA TOYKa C U3rpageH penuTep, ce MHCTanupa BpeMEHHEH TakbB. Ha mecTta, KbaeTo HAMa
HMKaKBa KOMyHMKaUWsi, HO MMa Hyxaa OT TakaBa, ce M3bupa nogxogsila Todka Ha TepeH (BpbX C
JOCTaTb4yHa BMCOYMHA U OOCTHLMN A0 HEro, KakTo U C ronsimMo paguonoKpuUTUE), KbAETO CE MHCTanvpa
BPEMEHEH penuTep, 3axpaHBaH OT akymynaTtopHu 6atepum 1 conapHa nHcTanaums. EkunbsT Moxe ga
HanycHe TepuTopusATa Ha MHCTanauusTa, 3a Aa BbpLluM OPYrY 3adavv UM ako e Heobxogumo ga
OCTaHe Ha MSCTO, 3a Aa ce rpuxun 3a obesnevaBaHe paboTaTta Ha KOMYHMKALMOHHATa TouKa.

Repeater Repeater channel

Repeater channel

N

Tac channel

our. 10. MpuHuunHa cxema Ha penutepHa Mpexa [https://grznow.com/vhf-repeater-project-gb3xp-icqgpodcast/]

OpzaHu3ayus Ha nyHKmose u KoopduHayuoHeH yeHmbp rpu 6edcmeus u asapuu

Ccbopmupat ce rpynu no HacereHn MecTta UinvM pPervoHn 3a U3rpaxgaHe Ha KOMYHMKaLWOHHU
LeHTpOBE B 3acerHatute panoHu. Hamn-4ecto KMeTCcTBa, yyunuiia, M3HeceHW nanaTkym wu waTtpu.
PaboTtaTa Ha onepaTopuTe B ekuna e cBbp3aHa C npuemaHe u npegasaHe Ha cnyxxebHa nHdopmaums
noA KOHTPOMa Ha OTroBOpPHUTE CNyXbu — MuHMCTEpCTBO Ha BbTpewHuTe pabotn u PernoHanHute
cnyxbu 3a noxapHa n aBapuiiHa 6e30macHOCT, ChellHa MeAuuUMHCKa MOMOL, MeCTHa BhacT.
Pabotata B mogobHu LEHTpOBE € MHOro OTrOBOpPHa M HaToBapBalia, nopagu uenus obem oT
uHdopmauums, koaTo Tpsbea Aa ce npepage. B noeBeyeTo cnyyau KOMyHWKauusTa B uUs3avpBaTesiHo-
cnacuTenHuTe onepauuy npemMuHaBa npe3 KoopAvHauMOHHMTE ueHTpoBe. O6MeH Ha MHOopMauus
UMa KakTo Mexay cammuTe KOOPAMHAUMOHHW LeHTPOBE, Taka U C Xopa, KOMTO ca OO Ha MSCTO C
XenaHve ga pasbepaTt Hewpo 3a 6nusknte cu. Heobxoamma e M KOMyHMKAUMSA 3a ocurypsiBaHe Ha
NPOAOBOMCTBEHW HYXXOW MO HacTaHABaHe Ha NocTpajanuy B KpU3ucHM ueHTpose. Becekn gobposoneu
OTMBa Ha TepeH CbC CBOATa COOCTBEHA TEXHMKA M HEOOXOOUMW CHLOPBXKEHWS 3a M3rpaxgaHe Ha
KOMYHUKaLUMOHHAaTa TOYKa, KaTo npeaBapuTerHO ce YTOYHABAT YECTOTHUTE CXEMU 38 KOMYHUKaUUS U
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nnaHa 3a gencreue. N3rpaxaga ce mpexa 3a antepHatMBHa komyHukauus APRS (Automatic Packet
Reporting System, Cuctema 3a AsTomaTtusmpaHo [laketHo Pagwmo), WLAN (Wireless Local Area
Network, 6e3xm4yHa nokanHa Mpexa), KakTo W Apyrn umdpoBM MpPexu, npegasallm rnacosu
cbobuweHns n obmeH Ha paHHW. EkvnuTe Ha TepeH yyacTBaT OCBEH C Len ocurypsiBaHe Ha
KOMYHUKaLNS MeXAy CnacuTenHO-u3gupBaTenHuTe ekunn ¢ KOOpANHALUMOHHUTE LIEHTPOBE, HO U KaTo
crnacuTenu, 3aLLl0To BCsKa Cuma € BaXkHa U OT 3Ha4YeHne 3a HaBPEMEHHOTO HaMMpaHe 1 cnacsiBaHe Ha
ouenenu xopa.

APRS mpexa

APRS e paguontobuTencka cuctema 3a npegaBaHe Ha gaHHu no paguokaHan (dur. 11). Ypes
APRS wmorat ga ce npegaBaTt gaHHW 3a MO3MUUSA, METEOPOSIOrMYHW AaHHW, AaHHW OT PasfuyHu
CEH30pU, ENEKTPOHHM MUCMa, KakTo U Manku dannose, NpeaMMHO Cbabpxawm TekcT. C nomoLyta Ha
Tasu cuctema paguoniobutennte, KOMTo ydyacteaT B ob6esneyaBaHeTo Ha KOMyHMKauuMTe No BpEMe Ha
cnacutenHn meponpuatus npy 6e4cTBUs M aBapyu, MoraT Aa usrpagsar antepHaTuBHa M He3aBuCMMa
OT MHTEPHET Mpexa 3a npedasBaHe Ha MHdopMaLumsa No NyHKTOBETE, Taka Ye Aa ce obrnekyn uHave
HaToBapeHus pagunoedup. lNprmep 3a ToBa € npegaBaHe Ha eMNeKkTPOHHO CbOoOLLEeHWe, CbabpXKaLLo
OaHHM 3@ CTOTMUM rpaXaaHW HacTaHeHW B Kpu3uceH LeHTbp. CboOLLleHMETO Cbabpa BaXKHa
WHdopMaUna KaTo TpU MMeHa, MMeHa Ha OnuM3kMm W pOOHVHW, €OWHEH TpaXOaHCKU HOMep U
eBeHTyanHa 3abenexka CbC cneumduyHM HYXAuM (MpUemMaHu nekapcTBa, CNeUMdUYHU HYXOW,
3abonaaHus). NpegaBaHeTo Ha MHOpPMaLMATa OT onepaTop Ha onepaTtop 6u oTHena MHOro Bpeme,
a No TO3M HauuH LWe 9 nonyvaT BCUMYKM MYyHKTOBE W CBOEBPEMEHHO MoraTt [a nopasBaT ajekBaTHa
uHdopmauma Ha cnyxkbute n 3amHTepecoBaHu rpaxgaHu. B Bbnrapus paguonobutenvute camu
passuBaT APRS mpexara, kaTo KbM MOMEHTa Ta3n OEVHOCT € MHOro Mno-Hasazg OT Hawun CTpaHu
cbceaku u apyru ctpanu kato CALLL

dur. 11. APRS mpexa [http://www.sarcnet.org/files/GippsTech/7%20APRS%200n%20HF.pdf]

Ha cur. 12 e npencrtaBeHo m3obpaxeHWe OT kapTa, koaTo nokassa APRS ycTponcTsara,
paboTewn Ha TepuTopusiTa Ha P. Bbbnrapus. KbM MoMeHTa Ha kapTata Mma o0o3HavyeHus Ha
paboTewwmnte penutpu, kouto nogabpxat APRS, APRS penutpu, APRS igates, kakTo n apyrun garamum
KaTo TenemetpuyHu npegasatenn APRS Tpakepu, APRS cTtaHuuu, MeTeoponornyHmn CTaHumnmn, CoHam
n 6anoHu. NMocpeacteom APRS cuctemaTta morart ga ce nokassaT Mo3vuMuMTe Ha CnacUTENHU eKUnu,
KOOPAMHALMOHHN NMYHKTOBE, Cneunanm3MpaHn aBToMoounm n TeXHMKa.
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dur. 12. APRS ycTporicteaTta, pabotelum Ha TeputopusaTa Ha P Bwnrapus [http://aprs.fi]

dur. 13 npeacTaBnsiBa kapTa Ha TepuTopuaTa Ha Typuusi MPU CbLUOTO YBENMYeHue KaTo
dwur. 12, Ha kosiTO ce HabrnogaBa Mo-rofiiMa HAaCUTEHOCT Ha CXOAM CEH30pW, HO U OrpomMeH Gpoit
METEOPONIONMYHN CTaHUMKU, KOMTO AaBaT MHdopMauus 3a obcTaHoBKaTa B peariHo BpeMe, KakTo U
anapmeHu cbbuUTUS Npu paska nNpoMsiHa. Mima 1 cemammyHin CeH3opu, HO Te ce MosiBABAT Ha kapTaTa,
camMo KoraTo OT4YeTaT CeuaMMYHa aKkTMBHOCT, Tbil Kato ca aBTOHOMHM W ce Hanara ga necTaT
eHeprusita ciu.

TR

®ur. 13. KapTa Ha Typums C MapKknpaHu CEH30pu U MeTeoponormyHmn ctaHumm [http://aprs.fi]

Mpu cbwoTto yBenudeHne Ha dur. 14 e npeactaseHa kapta Ha CALL, TeputopusTa Ha warta
KanndopHus, kbaeto ce HabnwogaBa HAKOMKO OECETKU MbTWU MO-TrofisiMa KOHLUEHTpauusl Ha TOYKM Ha
kaptata. [logobHO Ha dwur. 13 MeTeoponorMyHUTE CeH3opu MpeobnagaBar. AKTMBHOCTTaA Ha
pagvoniobutencknte 4O6pPOBONYECKM OpraHM3auMM e [ocTa ronsma, Tbi KaTo noxapute ca cpeg
cepuosHuTe npodnemu B TO3M LLAT.

0 AN mDaa

®ur. 14. Kapta wata KanudopHus - CALL, c otbensizanu censopwm [http://aprs.fi]
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Memeopornoau4yHu rpo2Ho3u

MeTeoponornyHata nporHo3a € MHOro BaxHa npwu 6eacTBms M aBapuu, Nopagn KoOeTo
pagvoniobutenckute cnyxbm wmatr cnoco® paga wu3nonseat uHopMauuaTa npegaBaHa  oOT
meTeopornornyHmte catenntn Ha NOAA. Npu MHTEpPHET CBbP3aHOCT TOBa CTaBa JIECHO NMpe3 canTa Ha
opraHusauusTta. Ho gopu npu nunca Ha UHTEpPHET, cnbTHUUMTE HA NOAA MUHaBaT Ha BCEKU vac Hag
HallaTa TEpUTOPUS N U3NbYBaT pagMOoOCUrHan Ha KOHKpeTHa YectoTa. Pagnontobutenurte opraHmsmpar
paguonpueMHnK, KOWTO e 00Bbp3aH C KOMMTbP M codTyep 3a AeKkogupaHe Ha curHana wu
BM3yann3MpaHeTo My BbB BMA Ha caTennTHa CHMMKa C pasnuyHy unTtpu 3a pasnumyHa nHdopmaums.

AnmepHamugHU KOMyHUKaUUOHHU MPexu

CobllecTByBaT paguompexu 3a ynotpeba OT pegoBuTe rpaxgaHu Kato Te cu umar
pernameHTUpaHe 1 MexayHapoaoHu opraHMsaumm 3a pasnpegeneHve Ha 4ecToTHuA nnaH. B noseveto
cTpaHu ot EBpona cBoboaHuM 3a ynotpeba oT rpaxaaHuTe 4ecTtoTu 3a koMmyHukauums ca CB (Citizens
Band), konto e B yectoTHMs ananasoH 26,965 MHz no 27,405 MHz, pasnpegenenu B 40 kaHana. 9-t1
n 19-tn kaHan ca onpegenedn 3a EMERGENCY (cnewHwn) noBuksaHus. [dpyr no-nonynsipeH y Hac
YecToTeH obxBaT 3a rpaxpaHcko nonssaHe e PMR (Private Mobile Radio). B 4ectoteH obGxsat
446,00625 MHz no 446,09375 MHz, pa3snpeaenenn B 8 kaHana ¢ MHOXXeCTBO NOATOHOBE M KOAMPOBKU
nosgonsea ynotpebata um oOT ctoTMum onepatopu. Onepatopute B KOOPAWHALUOHHUTE LIEHTPOBE,
KaKToO M Te3n B WH(MOPMALMOHHUTE MYHKTOBE, CMNEeAAT U Te3nW YECTOTU 3a €BEHTyallHW CurHamum 3a
fOencteawm xopa. [lpy npoBexgaHe Ha CRACUMTENHO-U3OMPBATENHM akuuM C HanMYneTo Ha
[obpoBonuu, Hesanos3HaT C npaBuniHaTa KOMyHuKauusi, a n 3a obriekyaBaHa Ha paguoedwmpa, ce
n3non3ea KOMyHMKaUUS B Marnkym T[pynu WMMEHHO Ha Te3W YeCTOTW, KaTo OTrOBOPHMKLT Ha
n3aMpBaTENHOTO 3BEHO MMa KOMYHUKALMS C KOOPOVUHALNOHHUS LIEHTBP.

3akno4eHune

Pa3BuTneTO Ha MHPOPMALMOHHMTE U TEeNEKOMYHMKALMOHHN TEXHOMOMMM Ca BaXKHU KaKTo 3a
usyyaBaHeTo Ha npupoaHuTe 6GeAcTBMSl, Taka M 3a HaBpeMeHHa peakuusi Mo npunaraHe Ha
aBapuiiHO-cNacuTeNHN AeAHOCTY criedl HacTblNBaHe Ha TakoBa sIBMEHME.

Cuctemnte 3a HabnogeHue Ha npupodHu GeacTBu ca Heobxoguma 4acT MpuU TAXHOTO
uscneneaHe, knacudguumpaHe u nporHosupaHe. PassmBaHeTo Ha Te3n cuctemu B Gbhelle Lie gasat
no-HaBpeMeHHa 1 ToYHa UHPopMaLMs 3a TAXHaTa Nosiea.

TenekoMyHVKaLMMTE ca HaBMEesnNu BbB BCUYKM acrnekTM Ha HalleTo exeaHesBue. Tosa M
npaBy HeM3MeHHa 4YacT OT rmobanHUTe CUCTEMUN 38 MOHUTOPUHT 1 NPEBEHLUA Ha NPUPOAHN GeacTems
1 NpU opraHv3aumsiTa No oka3saHe Ha NMOMOLL, Ha NOCTpaganuTe cred HacTbNUNU TakMBa SBMNEHUS.

llobpoBonyecknTe ekunu, copmMupaHuM OT paguonobuteny, moraT da noAnoMorHaTt npu
HeobXoOMMOCT creuuanvanpaHuTe U OTIOBOPHM 3BEeHa C LeN OCbluecTBsBaHe Ha HaBpeMeHHa
KOMYHUMKaUMS U KOOpAMHaLua Mexay Tax. Paguoniobutenute camu crno6seaT v noaabpkaT CBOETO
obopyaeaHe. APRS ycTpoiicTBaTa ce nspaboTtsaTt OT paauosiiobuTenu u ce MOHTUpPAT 0OBGUKHOBEHO Ha
MecTa, KbAETO Beuye MMa MU3rpafeHu KOMyHUKaUMOHHO obopydBaHe, Tbii KaTo ce cuyuiTa 3a
noAcuUrypeHo OTKbM CBbp3aHocT. lpu HeobGxoAMMOCT BMHarM moraT na ObaaTt wuarpageHu u
AOMBIMHUTENHN TOYKU 3a AOCTBN, NpenpeaaBaHe U KpaHU YCTPOoCTBa.

BnarogapHocTu: Hactosiwata paGota e ocbluecTBeHa B JlaGopaTopusi Mo NpUMpoOHM
GencTteus u puckoBe U JlabopaTopus No TeNekoMyHUkaumm Ha HoB 6birapcku yHUBepcuTeT.

Nurepatypa:

1. Bepbeposa, P. 2007. YpbaHusauus, npupoaHn 6eacTBms U Bb3MOXHOCTM 3a npeBeHumsi. COopHUK ¢ Aoknaau
Tpeta Hay4yHa KOHdepeHUMs C MexayHapogHo ydactue “Kocmoc, ekomorusi, HaHOTEeXHOMNoruu,
curypHocT” SENS 2007. BAH. 248-253. ISSN 1313-3888.

2. bepbeposa, P. 2010. HaumoHanHa cCUrypHOCT M CUCTEMUTE 3a pPaHHO OMOBECTSIBAHE W pedyLupaHe Ha
nocneacTems oT NpupoaHu katactpodu. CoopHMK ¢ Agoknaan HayyHa koHdbepeHUums ¢ MexayHapogHo
yyactue “Kocmoc, ekonorusi, HaHoTexHonoruu, curypHoct” SENS 2009. BAH. 229-230. ISSN 1313-
3888.

3. bepbeposa, P. 2012. MNpupogHn 6eactens B bbnrapus — cbctosiHne u TeHaeHumn. HBY. 147 c. ISBN 978-
954-535-699-5.

4. KoctoBa, [., P. bepbeposa. 2009. Ekonorns u reomHdopmauuoHHu cuctemu (MMC). Cn. “EkonornyHo

WHXEHEePCTBO M OnasBaHe Ha OKonHaTta cpefa’ - cneumnanuavpaH 6poin MoguwHaTa mexayHapoaHa
Hay4Ha koHdepeHuns “Ekonornsaumsa — 2009”. KH. 3—4/2009. 102—-106. ISSN 1311-8668.

5. MapaupocsH, I'. 2009. MNpupogHuTe 6e4CTBMA U €KONMOrMYHU KaTacTpodm — udyyaBaHe, NpeBeHuns, 3awmra.
BTopo gonbnHeHo v npepaboteHo usaanune. Akag. nspart. ,Mpod. MapuH OpuHos® — BAH. 376 c.

ISBN 978-954-322-349-7

239



10.

11

13

16.

17.
18.
19.

20.
21.

MapawupocsH, ., b. PaHrenos, A. BusHakos. 2011. MpupoaHn 6eacteys — Bb3HMKBaHE, NOCNeauun, 3almra.
Akag. nagart. ,Asut KoHcynt®, 170 c. ISBN 978-954-92214-2-8

CneunanmanpaH ekun 3a 6e3xnyHm KoMyHukaumm, http://swat.bg/

Mob6unHa cnacutenHa cnyx6a: Capyxenue ,Ocpoyn’,
https://www.facebook.com/pg/mss.offroad/about/?ref=page_internal

https://www.ndbc.noaa.gov/dart/dart.shtml

http://www.imseismology.org/regional-monitoring/

. https://www.lufft.com/blog/en/forest-fires-drought-and-floods-extreme-weather-in-australia/
12.

https://www.waldwissen.net/waldwirtschaft/schaden/brand/fva_waldbrand_wb3/index_DE

. http://signal.ee.bilkent.edu.tr/VisiFire/
14.
15.

http://www.firesafemarin.org/remote-fire-detection-cameras

BepbepoBa, P. 2014. AHanua Ha cTaTUCTUYECKM AaHHN 3a HaBoaHeHust B P Bbnrapusi. C6opHUK ¢ goknagm ot
IX Hay4Ha KoHbepeHuusi ¢ mexayHapoaHo yyactme SES'2013. 424-428. ISSN 1313-3888

Bepbeposa, P. 2018. O630p Ha BBL3HWKHANM KPU3UCHUM CbOUTMA OT npupodHu Beactema B Bbnrapus sa
nepuopga 2004-2016 r. C6opHuk ¢ goknagn ot XIV MexayHapofgHa HayyHa koHdepeHuma SES’2018.
MKNT-BAH. 375-378. ISSN 2603-3321

https://www.fondriest.com/environmental-measurements/environmental-monitoring-applications/stream-and-
river-monitoring/

https://www.fondriest.com/environmental-measurements/environmental-monitoring-applications/flood-warning-
systems/

https://qrznow.com/vhf-repeater-project-gb3xp-icqgpodcast/

http://www.sarcnet.org/files/GippsTech/7%20APRS%200n%20HF.pdf

http://aprs.fi

240


http://swat.bg/
https://www.ndbc.noaa.gov/dart/dart.shtml
http://www.imseismology.org/regional-monitoring/
https://www.lufft.com/blog/en/forest-fires-drought-and-floods-extreme-weather-in-australia/
https://www.waldwissen.net/waldwirtschaft/schaden/brand/fva_waldbrand_wb3/index_DE
http://signal.ee.bilkent.edu.tr/VisiFire/
http://www.firesafemarin.org/remote-fire-detection-cameras
https://www.fondriest.com/environmental-measurements/environmental-monitoring-applications/stream-and-river-monitoring/
https://www.fondriest.com/environmental-measurements/environmental-monitoring-applications/stream-and-river-monitoring/
https://www.fondriest.com/environmental-measurements/environmental-monitoring-applications/flood-warning-systems/
https://www.fondriest.com/environmental-measurements/environmental-monitoring-applications/flood-warning-systems/
https://qrznow.com/vhf-repeater-project-gb3xp-icqpodcast/
http://www.sarcnet.org/files/GippsTech/7%20APRS%20on%20HF.pdf
http://aprs.fi/

S E S 2 0109
Fifteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
6 — 8 November 2019, Sofia, Bulgaria

SEASONAL CHANGES OF AEROSOL POLLUTANTS OVER BULGARIA

Maria Dimitrova?, Plamen Trenchev?, Emilia Georgieva?, Nadya Neykova?, Rozeta Neykova?,
Roumen Nedkov?, Deyan Gochev?, Dimiter Syrakov?, Blagorodka Veleva?,
Dimiter Atanassov?, Tatiana Spassova?

1Space Research and Technology Institute — Bulgarian Academy of Sciences
°National Meteorological and Hydrological Institute
e-mail: maria@space.bas.bg; emilia.georgieva@meteo.bg

Keywords: Remote sensing, atmospheric pollution

Abstract: In this work we present an investigation of seasonal behavior of atmospheric pollutant
amounts over Bulgarian region. We use monthly averaged satellite and ground station data for the period of 2005
till 2018 and 2013 till 2018 respectively.
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Knroyoeu 6yMU.' OucmaHUUOHHU u3cried8aHusl, ammocgepHU 3aMbpcsieaHuUs

Pe3rome: B Hacmosiwjama paboma e npedcmaseHo u3crief0gaHe Ha CE30HHOMO rogedeHue Ha
ammocgepHume 3samMbpcumeniu Had mepumopusima Ha bwbreapusi. U3nonseaHu ca cpedHO MeCceyHu
CMOUHOCMU Ha CITbMHUKOBU U Ha3eMHu 0aHHU 3a rnepuodume 2005-2018 u 2013-2018 cbomeemHo.

Introduction

Broadly speaking, on the base of the spatial scales of the atmospheric processes, the
atmospheric pollution can be studied on different scales. Here we will use the terms global for
processes at continental scale, regional — for country level, and local - for city level.

There are two main methods for observation of the atmospheric composition — remote sensing
and direct (in-situ) measurements near the surface. Each method has advantages and limitations, but
their combination provides more complete information.

Example of global events reaching Bulgaria is the transport of Saharan dust over the
Mediterranean and Aegean Sea. The source of pollution in this case (uplifting of mineral dust) is
natural, located at the earth's surface, and the atmospheric circulation transports the particles far
away. For studying such kind of events, it is better to use remote sensing methods, such as satellite
data information. The larger the scale of the event is, the lower the needed spatial resolution of the
satellite data for its registration is. Still, in order to relate satellite and in-situ observations high
resolution satellite data are needed.

The regional and local pollution events originate from a number of different sources, such as
soil, industrial facilities, ship transport, urban traffic, agricultural activities, etc. The sources are on or at
a stack-height near the surface (point and area sources covering limited spatial scales), so it is better
to investigate those kind of pollution events using near-surface measurement stations.

Some local sources may have impact on regional scale, as big industrial facilities and coal
fired thermal power plants. In this case the pollutants can rise in the atmosphere and travel with the
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winds, thus polluting large distant areas. Such kind of events has to be investigated combining in-situ
and remote sensing methods.

In this project the activities foresee combined use of satellite data and data from near-surface
measurement stations. This is a way to reach a better understanding of the whole pollution picture.

For investigation on the seasonal pollution behavior we choose to use different data sources
as follows:

Optical images from Terra and Aqua satellites for the period of 2004—2018 [1].

Monthly values for AAl and NOz and SO: from MetOp A, B and C satellites for the period from
2007 to March 2019 [2]

Monthly images of NO2 from Sentinel 5P satellite for first three months of 2019.
Daily data from selected near-surface stations for the period 2013-2018 [3].

Seasonal changes of the global atmospheric pollution

We can consider the sand storms from Africa as the main global dust pollution source over the
Balkans. In Fig.1 we show the monthly variation of the number of days with sand storms directed
towards the Balkan region for the period 2005-2018. The events are registered on the base of optical
satellite data from Terra and Aqua satellites.
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Fig. 1. Number of days with sand storms from Africa, directed to the Balkans

The number of days has monthly and yearly variability. The maximum number of days with
sand storms, averaged over the 13-year period, is for April, while in specific years it occurs from
March to May. Almost the same number of sand storm events is registered on the base of AAI from
MetOp A and MetOp B satellites for the period 2007—-2018.

For the investigation of the seasonal behavior of NO2 vertical column density (VCD) over the
Balkans, monthly values of NO2 VCD from MetOp A satellite for the period from 2007 to 2018, and
from MetOp B satellite for the period from 2013 t02018 were used. For comparison, Sentinel 5 P data
for the period from February 2018 until February 2019 and from MetOp C for the first three months of
2019 were used. All mentioned data show similar seasonal changes — a small increase in January,
November and December. In Fig. 2 examples for monthly values of NO2 VCD distribution for different
months of 2017 are shown.
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Fig. 2. Monthly averaged NO:2 distribution form MetOp A data

Seasonal changes of the local atmospheric pollution

The analysis here is presented for some selected points /urban and rural/ based on data from
satellite and in situ measurements.

The region around the town of Stara Zagora is considered as one of the main industrial
pollution sources in Bulgaria. The reason is the open coal mining and the complex of thermal power
plants ‘Maritza-lztok’. In Fig. 3 the number of days with pollution for the period 2004—-2011 registered
on the basis of the optical satellite data from Terra and Aqua satellites is shown. The number of days
with significant pollution in the region of Stara Zagora decreased strongly after 2012. This is confirmed
also in [4] where the Aura OMI observations of regional SOz and NO:2 pollution changes from 2005 to
2015 over Eastern Europe and for the region of Stara Zagora are discussed. The vertical column
density of SOz is compared for three periods 2005-2007, 2009-2011, 2013-2015, showing strong
decreasing trend. Estimating the SOz emission retrievals and consistency of satellite and surface
measurements with reported emissions in [5], these SOz emission reductions in the region of Stara
Zagora after 2012 are also confirmed.

Stara Zagora days with pollution
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Fig. 3. Number of days with atmospheric pollution over the region of Stara Zagora

For the investigation of the local pollution, several near-surface stations from the monitoring
network of the Executive Environmental Agency (EXEA) were chosen, as shown in Fig. 4. The
abbreviation RIOSV in the Figures stands for the Regional Inspectorates of the EXEA.
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Fig. 4. Locations of the selected the near-surface stations for atmospheric pollution monitoring

The types of the selected stations are as follows:

e Big cities — Sofia, Varna, Plovdiv, and Ruse;

¢ Industrial region with well known pollution origins — Stara Zagora;

e Rural places far away from pollution sources (rural remote) — Rozhen and Kopitoto.

Data for PM2.5, PM10, SO2, NO and NO2 in the period 2013-2018 were analysed for all of
the stations. As Plovdiv is the focus of interest in this project, the monthly averaged values for PM2.5,
PM10, NO2 and SOz concentrations at station Kamenitza are shown in Fig. 5 to Fig. 8, respectively.
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Fig. 5. PM2.5 monthly values (ug/m?3) at Kamenitza- Plovdiv station

244



Plovdiv-Kamenitza PM10 pg/m3
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Fig. 6. PM10 monthly values (ug/m?®) at Kamenitza - Plovdiv station

As seen in Fig. 5 and Fig. 6, PM2.5 and PM10 concentrations show similar seasonal behavior
with higher values in winter and lower in summer.

The SO: concentrations (Fig. 7) show low averaged values with no significant seasonal
changes. In Fig. 8 and Fig. 9 the monthly variation of NO and NO2 concentrations in Plovdiv are
presented. The graphs show increased NO and NO: values during the winter months, similar to those
registered with MetOp. The concentrations of NO2 are higher than those of NO and show stronger
seasonal variations.

For providing more information across the country in Fig. 10 and Fig. 11 the PM2.5
concentrations at the urban stations Hipodruma (in Sofia) and Vazrajdane (in Ruse) are shown.

As seen in Fig. 5, Fig. 10 and Fig. 11, the monthly variation for PM2.5 is similar in Sofia, Ruse
and Plovdiv. It has a maximum during the winter months — January, February and December. The
highest values are registered in Sofia, followed by Plovdiv and Ruse.

The averaged values for PM10 in the chosen big cities in Bulgaria show the same behavior as
PM2.5, only with higher values.

For the investigation of the seasonal distribution of the pollutants over non-urban areas, two
mountain stations not directly affected by pollution sources are chosen. In Fig. 12 and Fig. 13 the
monthly variation of PM2.5 is shown, respectively at Rozhen (1760 m a.s.) and Kopitoto
(1350 m a.s.l).

Plovdiv-Kamenitza SO2 ug/m3
50 — 2013
— 2014
2015
25 7 ———— 2016
— 2017
0 T T T T T T T T T T T — 2018
S & &S P ENFEE L E = Averaged
Sfb' éo @ Y @ O(’ R\2 (,Q’
' CQQ,Q éo (4}

Fig. 7. SO2 monthly values (ug/m?) at Kamenitza - Plovdiv station
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Fig. 8. NO monthly values (ug/m®) at Kamenitza - Plovdiv station
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Fig. 9. NO2 monthly values (ug/m?3) at Kamenitza- Plovdiv station
Sofia-Hipodruma PM2.5 ug/m3
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Fig. 10. PM2.5 monthly values (ug/m3) at Hipodruma in Sofia
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Fig. 11. PM2.5 monthly values (ug/m3) in Ruse

As seen in Fig. 12 and Fig. 13, the seasonal behavior of PM2.5 concentrations at the
mountain sites is quite different from that in the big cities. The maximal values are registered in spring
and summer months. Main reason for this is the seasonal variation of the height of the atmospheric
boundary layer (ABL), which is low in winter and keeps pollution below the mountain tops. In summer,
the ABL height reaches above the mountain tops and brings the urban pollution up. The high values at
Kopitoto in spring may be influenced also by Saharan sand storms (reference Fig. 1). The PM2.5
concentrations at mountain stations are much lower than in urban areas.

As mentioned above, one well known polluted industrial region in Bulgaria is around Stara
Zagora. In Fig. 14 the monthly variation of PM2.5 concentrations at a monitoring station in the city of
Stara Zagora is shown. The PM2.5 values are low and their seasonal changes are negligible.
Historically, the region was a “hot spot” for PM pollution before 2012. Then measures were taken and
the emissions were reduced significantly. Previous investigations in the region showed that even when
PM pollution was registered from satellite observations, no high values were measured at the EXEA
monitoring stations near the ground [6, 7]. Similarly, decrease of SOz concentrations was observed in
the region after 2012 [8].
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Fig. 12. PM2.5 monthly values (ug/m?) at Rozhen
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Sofia-Kopitoto PM2.5 ug/m3
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Fig. 13. PM2.5 monthly values (ug/m?) at Kopitoto
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Fig. 14. PM2.5 monthly values (ug/m3) in Stara Zagora
Varna-SO Angel Kanchev PM2.5 ug/m3
30 — 2013
/>( — 2014
20 2015
0N T T T~y ; 2016
— 2017
v
0 T T T T T T T T T T T — 2018
S o N 3 Q X < < < « —— Averaged
Q\»“*\ @?’6 £ & 05’ & & ° &
PP N W
F MR

Fig. 15. PM2.5 monthly values (ug/m3) in Varna

At the end, in Fig. 15, the monthly variation of PM2.5 in Varna, located at the Black Sea coast

is shown. Low values and small seasonal variations are observed.
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Comparison of the seasonal pollution behavior registered on the base of different data sources
For the comparison of dust pollution over Bulgaria registered from the satellites and near-
surface stations, monthly values of AAI from the MetOp A and B satellites are used. The behavior of
AAI from MetOp A for the period of 2007-2015 for Sofia, Plovdiv and Varna regions, respectively, is
shown in Fig. 16, Fig. 17 and Fig. 18. The record stops in 2015, as after the middle of the 2015 AAI

data from the MetOp A satellite decrease significantly.
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Fig. 16. of AAl in Sofia
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Fig. 17. Monthly variation of AAl in Plovdiv
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Fig. 18. Monthly variation of AAl in Varna
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The monthly variation of AAI from MetOp B satellite for the period of 2012—2018 for Plovdiv is
shown in Fig. 19 for comparison.

Almost all monthly AAI values in Figs. 15-18 are negative. A negative AAIl value corresponds
to presence of cloud coverage and scattering aerosols. Higher AAI values are registered in winter and
spring.

To compare observations from the three MetOp satellites, monthly AAIl data for March 2019
are used. The results are shown in Fig. 20.

Monthly AAl from MetOp B - Plovdiv 2012
—— 2013

2014

2015

— 2016

— 2017

— 2018

—&— Averaged
Fig. 19. Monthly variation of AAI in Plovdiv
MetOp AAl comparison - March 2019
—e— MetOp A
0.5
0 T T T T T —r— MetOp B
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0.5 >~— + ;&%
—— MetOp C
-1

Fig. 20 Comparison of AAl data from tree MetOp satellites at selected locations in March 2019

AAl values from MetOp-C satellite are higher than those from the two other satellites and the
differences change with place. This means that, best is to use available AAI data from all satellites for
a selected period and place, to compare and to study the reasons for the differences.

There are no available for us satellite monthly data for SOz, but, on the basis of available daily
data, we can say that SO: values are very small and show no significant seasonal changes. The same
behavior is seen in Fig. 7 for near-surface measurements.

To study the seasonal behavior of NO2 from satellite data Sofia, Plovdiv and Varna are chosen
as big cities, and Stara Zagora as industrial region.

In Fig. 21 and Fig. 22 the monthly variation of NO: registered on the base of monthly data
from the MetOp A satellite for the period 2007-2018 for the regions around Sofia and Plovdiv is
shown, respectively. The values of NO2 are given in relative units.
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Fig. 22. Monthly variation of NO2 around Plovdiv

As seen from the two Figures above, in both cases NO2 shows a maximum during the autumn
months. For Sofia region the well pronounced maximum of averaged over the years distribution is in
November. In the region of Plovdiv the seasonal variation is smaller. In Stara Zagora region (not
illustrated here) maximum values of NO: are registered during the summer months.

All the NO2 data from the MetOp satellites show comparable values for the whole period of
investigation. The data for NO2 from Sentinel 5P, as presented in monthly images, is comparable with
that from the MetOp satellites.

Conclusions

Comparing satellite data with the data from near-surface measurement stations, we must
remember that:

A value for the total column content of pollutants over a region, is corresponding to the spatial
resolution of the satellite’s instruments, while at the near-surface stations the in-situ values (point
values) for the concentrations are measured,;

The satellite data contain both the influence of regional and global events;

For the dust pollution satellite data for AAl or AOD are available, while in-situ PM2.5 and
PM10 are registered separately. AAl and AOD include represent various types of existing aerosol;

In the presented analysis for the near-surface stations daily values of PM2.5 and PM10 were
used, while for other pollutants the temporal resolution was 1 hour.

The similar seasonal behavior seen in the data from different origins (satellite, in-situ) provides
an opportunity to use them together, but only after a good understanding of their differences.

251



In a summary:

e Based on satellite data for 9 to 12 years, the monthly variation of AAI, NO2 and SO2 at
selected big cities in Bulgaria is analysed.

e Satellite data show increased amount of dust and gaseous components in autumn and
winter above big cities.

e The registered differences in the seasonal behavior of pollution ingredients at the chosen
places could be explained with local sources of pollution, long lasting unfavorable
meteorological conditions or pollutants transported from longer distance.
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Abstract: In this work we present an investigation of finding and processing of optimal satellite dataset
for assimilation in the air quality modeling system BgCWFS. The modeling system BgCWFS simulates the
transport and chemical transformation of air pollutants over five different nested domains with different spatial
resolution and the optimal satellite datasets for each of them are different. We show that data from MetOp
satellites is optimal for use in Europe and, Balkan domains while Sentinel 5P data is better for two other ones -
Bulgaria and Sofia district

M3BOP HA ONTUMAJHUN CMbTHUKOBU OAHHU 3A U3MNOJN3BAHE
B CUCTEMATA 3A ATMOC®PEPHO 3AMBbPCABAHE BGCWFS
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Knroyoeu dymu: ducmaHyuoHHU u3criedsaHusi, ammMocepHU 3aMbpCsisaHusi

Pe3rome: B Hacmosiwama paboma e npedcmaseHo u3criedeaHe Ha u3bopa u obpabomkama Ha
cnbmHukosu OaHHU 3a acumunupaHe 6 BgCWFS.. ModenHama cucmema BgCWFS cumynupa
pasnpocmpaHeHUemo U XumMu4Yyeckume mpaHcgopmayuu Ha pasfudyHUu ammocghepHU 3aMbpcumenu 8 rnem
pasnuyHuU, 8roxeHu edHa 8 Opyea obrnacmu ¢ pa3s/fiuyHa rpocmpaHcmeeHa pa3deniumernHa crnocobHocm. Taka
onmumanHume crbmHUKosu OaHHU 3a pasnu4Hume obrnacmu ca pasnuyHu. [lokasanu cme, ye OaHHUME om
cnbmHuyume MetOp ca nodxodswu 3a obnacmume Egpona u bankaHcku rnonyocmpos, dokamo daHHUMe om
Sentinel 5P ca no-dobpu 3a usnonseaHe 8 Opyeu 0e8e makusa — bwbizapusi u Cogbusi obrnacm..

Selection of satellite data for use in BgCWFS

The satellite data to be used by the Bulgarian Chemical Weather Forecast System (BgCWFS),
[1, 2] should have proper spatial and temporal resolution. The focus is on free data mainly from
European satellites.

The modeling system BgCWFS operates over five different nested domains with different
spatial resolution - Europe (81 x 81 km), Balkan Peninsula (27 x 27 km), Bulgaria (9 x 9 km), Sofia
region (3 x 3 km) and Sofia city (1 x 1 km). The satellite data assimilation will be only in the first three
domains.
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In the perfect case we must use satellite data with the same space resolution and coverage of
the whole areas of interest. There is no such kind of satellite data.

We decided to use data mainly from GOME-2 and TROPOMI instruments with space resolution
40 x 40 (40 x 80) km and 3.5 x 7 km respectively.

Data from GOME-2 are suitable for use in the first two model domains and TROPOMI data — for
the two other domains.

There are three satellites — MetOp A, B and C respectively, with the same instrument GOME-2.
Data from the first two satellites are used in the current investigation. They lay on the same orbit,
placed on opposite sides of the Earth as it is shown in Fig. 1.

Metop-A

Fig. 1. The Orbit positions of MetOp A and B satellites

Metop-C has been placed in same orbit as Metop-A and B and at equal distance to both
platforms, with LT equator crossing at 9:30 UTC, the same as for Metop-A and B (a 'Tristar ' confi-
guration — see Fig. 2, left)

During the course of commissioning, and based on the early data-user feedback, the decision
will be made to either remain in a tristar phasing configuration or to shift Metop-C 180 degrees
opposite Metop-B (original A/B configuration from Fig. 1) with Metop-A in-between (“Trident”
configuration — see Fig. 2, right) [3]. At the moment (October 2019) three MetOp satellites are in
Tristar position.

Combining data from two or from all three of satellites, it is possible to obtain better space
resolution and have the possibility to use such data even in the third area in BgCWFS — Bulgaria
domain.

Tristar Trident

Fig. 2. The Orbit positions of MetOp A, B and C satellites
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The time difference between two orbital passes of the same satellite is about an hour and forty
minutes (about 100 minutes) as it is shown in Fig. 3.

Fig. 3. Time difference between MetOp orbit tracks

If we use all three satellites in Tristar configuration, we will have time difference between their
passes less than 70 minutes, so we can use them together. If the satellites are in a Trident position,
the time difference will be about 50 minutes.

Unite data from MetOp A, B and (in future) C satellites

Satellite data with small and middle space resolution (such as MetOp) are appropriate for the
investigation of continental scale processes. So we can use such kind of data only to register and
study pollution distribution over the region of Europe.

Initially it was planned to use data from a single satellite to be sure that all measurements are
made with the same instrument. However, MetOp A satellite is older and its scanning width becomes
smaller. Its spatial resolution is 40 x 40 km, while MetOp B satellite has a resolution of 40 x 80 km. So,
we decided to unite data from both of them.

After launching of MetOp C satellite at the end of 2018, we have the opportunity to use
together data from all three satellites.

Even if we use two or three satellites, to cover the whole European area we must use at least
two orbital passes of each of them. Fig. 4 shows the first domain of BQCWFS (domain Europe) and
the corresponding area covered by one track of MetOp A and one of MetOp B satellites with pointed
centres of their measurement cells.

Fig. 4. The European domain in BgCWFS (left) and coresponding area covered by one track of MetOp A
(blue dots) and one track of MetOp B (green dots) satellites (right)
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The purpose of using satellite data in BgCWFS is better air quality predictaions through
downscaling towards smaller domains and the area of interest is the Balkan region. Thus, more
important is to use satellite data in the second domain of BgCWFS. Its horizontal grid resolution of
27 x 27 km is appropriate to the resultant space resolution of the combined data from the two MetOp
satellites. Figure 5 shows the second modelling domain of BQCWFS and the corresponding area
covered by one track of MetOp A and one track of MetOp B satellites with pointed centres of their
measurement cells.

40

20 . ‘ ;

15—

Fig. 5. The Balkan domain of BgCWFS (left) and the corresponding area covered by one track of MetOp A
(blue dots) and one of MetOp B (red dots) satellites with pointed centres of their measure cells (right)

The MetOp orbits are in north-east toward south-west directions. The covered area changes
from day to day and not-every-day single orbital pass of one satellite covers the whole area. Thus, we
have a different spatial resolution of satellite data in the different domains.

Mineral dust is significant source of natural particulate matter. Sand storms from Africa may
affect the Balkan region and thus contribute to elevated pollution levels. These sand storms approach
Bulgaria mostly from south-west moving towards north-east and this is in good accordance with the
MetOp tracks. Thus, for the investigation of dust pollution in Bulgaria, it is important to have good
coverage of the whole south area of the Balkan domain.

Relevant to SO2 and NO2 column densities, we have analysed MetOp data for the period -
from 2007 till now (more than 10 years). Based only on these data we don’t register any significant
SO:2 pollution and can’t say anything about the tendency of its propagation. On the contrary, we
registered a tendency for NO:z propagation from north-west towards our area of interest. In this case it
is more important to have better spatial resolution and coverage for the north-west area of the
Balkans.

So, according to the main goal of the investigation, we may choose an earlier or the next orbit
of each satellite.

Figure 6 shows the domain Bulgaria of BgCWFS and the corresponding area covered by one
track of MetOp A and one of MetOp B satellites. As it is seen, we have small amount (100-150) of
measurement points over the whole area (less than 100 points for MetOp A and less than 50 points for
MetOp B).
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Fig. 6. The domain Bulgaria of BCWFS (left) and responding area covered by one track of MetOp A (red dots)
and two of MetOp B (dark and light blue dots) satellites with pointed centres of their measure cells (right).

For the Figures 4, 5 and 6 we used information for different days of March, 2018 in order to
show the differences in satellite data coverage from day to day.

GOME 2 Data processing

When satellite data will be used on daily basis it is important to obtain and process data
quickly and almost automatically.

The data from the MetOp — GOME-2 instrument are in h5 format [4] (Level 2 products) [4],
Near real time product contain the data for AAl and NO2 and offline - for AAI, NO2 and SO: in one file.
In the same file there are other interesting variables such as clouds, other pollution ingredients, water
column etc.

Data processing starts with obtaining the needed track for both MetOp A and B satellites.
Then, from the files of each satellite we extract data for AAIl, NO2 and SO: only at geographical points
(lat-lon coordinates) from one single orbit (Latitude from -90 to 90 degree). Then we import data in
ArcGIS and define our area of interest (the Balkans in this case). The next step is to convert the data
to one-and-the-same units as needed for BQCWFS. The last step is to unite the data from both
satellites.

The AAI values from MetOp A satellite are much smaller than those from MetOp B satellite.

The values for NO2 and SO2 from both satellites are fully comparable.

The AAI data are in dimensionless units, but not from 0 to 1 as AOD. Data for NO: are in
[molecules/cm?] and data for SOz are in DU (Dobson units) [5].

The data conversion we use is as follows:

If NO2>0 then NO2 [ug/cm?] = NO2 [molecules/cm?] x 7.636 x 1017
If SO2>0 then SO2 [ug/cm?] = SO2 [DU] x 2.14

For AOD we use the following relationship:

If AAIlI>0.5 then AOD = AAI/10 for MetOp B
If (AAl#-1) and (AAI + 3 > 0.5) then AOD = (AAI + 3)/10 for MetOp A

The two wavelengths that constitute the AAIl wavelength pair are set to 340 and 380 nm,
respectively [6, 7].

These relationships between AAI and AOD are based on previous comparison of data for
AOD and AAIl from AURA satellite and data for AAlI from MetOp B and for AOD from Terra, Aqua and
Aura satellites [6, 7].

Comparing data for AAI (340 and 380 nm) and AOD (550 nm) from the same OMI instrument
for past periods, we found that relationships between values for these two characteristics are close to
linear. Values for both of them are dimensionless, but have different spatial resolution. The AOD
(550 nm) from Terra and Aqua have average values for the period from January to March 2018 about
10 times higher than AAI form MetOp values. Further in this analysis we obtained the maximal value
of AAI from .h5 files for the period February—April 2018 and found that AAI not exceeds the value of
8.5 even in the regions above Sahara at moments of stronger sand storms.
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Thus, the above relationship for increasing AAI value from MetOp A was derived comparing
.h5 data and the official .nc data, provided for this satellite from ESA [4, 7].
If the value of any pollution ingredient is negative, the value is treated as error.

Usage of Sentinel 5P data

The data from MetOp satellites is not appropriate for investigation of local pollution processes.
For such kind of processes is better to use satellite data with finer space resolution such as the data
provided by Sentinel 5P (3.5 x 7 km)

Sentinel 5P- TROPOMI instrument provides data for aerosol index Al (the same as absorption
aerosol index AAI) in two different diapasons — 340-388 nm and 380-354 nm in one file and, in
another separate file for NO2 and SO..

For our purposes we may use the data provided in the Copernicus Scientific Hub [8] for the
region, as it is shown in Fig. 7.
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In Fig. 8 and 9 the spatial distribution of the Al estimated for two diapasons, and the vertical
columns of NO2z and SO: are shown for 6.04.2019 in the region marked in Fig. 7.

We can notice small differences between the two Aerosol Indexes (Fig. 8)

Before using of TROPOMI aerosol data as input to some of the domains of BQCWFS, an
analysis of the conversion Al — AOD has to be performed.

However, Sentinel 5P data will be used also for other tasks in the project and we are working
on data-set preparation for the purposes of WP3.

Data from other satellites

Except MetOp and Sentinel 5P data, we inspected other sources of satellite air quality related
data.

Data are available from MODIS spectrometer on Terra and Agua satellites directly for AOD
with spatial resolution of 3 x 3 or 10 x 10 km in 540 nm [9]. But these satellites do not provide data for
other pollutants. Moreover, these data are often missing in case of clouds.

There are data from OMI instrument of Aura satellite. The data provided include all the
pollutants - SOz, NO2, AAl and AOD measured together. The spatial resolution is the same as of
MetOp. GOME 2 instruments are placed on three MetOP satellites (A, B and C), while OMI instrument
is placed only on board of one and a much older AURA satellite.

There are data from OMPS instrument of NOAA satellites. The spatial resolution is 50 x 50 km
and the data flow starts in 2012, while the MetOp data we collect is from 2007 till now, thus allowing to
make analysis based on longer time period

For illustration of the differences in the AAI data from the mentioned before instruments, we
show measurements from all of them for a selected day — 11 March 2019, in Figures 10 and 11.

As it is seen, the measurements from GOME-2 and TROPOMI instruments are of similar order
and have similar spatial distribution. The data from OMPS are of lower level of details, while the OMI
instrument coverage is very limited.

Fig. 10. The AAI from MetOp A and B satellite (left) and Sentinel 5P (right) on 11.03.2019

Fig. 11. The Al from OMPS (left) and OMI (right) instruments on 11.03.2019
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Conclusions

As a result we can say that it is optimal to use GOME-2 data for the Balkan region either for
investigation of past events, or in relation to satellite data assimilation in BCWFS.

The data from TROPOMI are being collected as they provide information on much finer spatial
scale, and might be used for the Bulgarian and near city domains in BQCWFS.

The use of Al for assimilation in BQCWFS is, however, not a trivial task [10] and further
analysis based on long — term series of data are needed for proposing such possibilities.
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Abstract: Recent disasters dramatically affected millions of people, with hundreds of thousands of lives
and US$ 1.5 trillion lost between 2005 and 2014 alone, a tenfold increase over the previous decade. Global
economic loss from disasters varies on average from US$ 250 billion to US$ 300 billion each year.

Changing climate, rapid urbanization, ongoing violence and conflicts in many parts of the world,
changing demographics, technological innovations, increasing inequality and many other known and emerging
changes with their inherent uncertainties have created an unprecedented context for disaster impact.

The present report presents holistic and multifactorial methodology for natural disaster risk assessment.

XOJIMCTUYEH MYNTUDAKTOPEH MOAEN 3A OLLEHKA HA PUCKA
OoT NnPUPOAOHU BEACTBUA

AHTOaHeTa PpaHuoBa

WHcmumym 3a usnedeaHe Ha KnumMama, ammocgbepa u eodumeme — bbrizapcka akademusi Ha Haykume
e-mail: antoaneta-bas@mail.bg; frantzantoanet@yahoo.com

Knro4oeu Aymu: oueHka Ha pucka, MysimughakmopeH aHanu3, npupodHu 6edcmeusi

Pe3rome: [Mpe3 rocnedHume 200uHu peduya 6edcmeeHU siefieHUsi 3aceaHaxa MUMUOHU Xopa, Kamo
Xepmeume docmueHaxa HSKO/ICKO cmomuH xunsidu, a 1,6 mpunuoHa Oonapa ca HaHeceHume wemu camo
mexdy 2005 u 2014 2., koemo e OecemoKpamHO yeesiudeHue 8 pasHeHue ¢ npedxo0Homo decemuriemue.
mobanHume ukoHomuYecku 3a2ybu om 6edcmeusi eapupam cpedHo om 250 munuapda 0o 300 munuapda
donapa 8csika 200UHa.

lNpomsiHama Ha knumama, 6vp3ama ypbaHu3ayusi, MPodbmKasaw,omo Hacunue U KOHEAUKMU 8 MHO20
yacmu Ha ceema, Oemoepaghckume MPOMEHU, MEeXHOMo2UYHUMe UHo8auyuu, yeesnu4yasaHemo Ha
HepaseHcmeomo, HOB08BL3HUK8AUU MPOMEHU U MHO20 Opyau ¢hakmopu, Harazam HO8 XxonucmudeH nodxod 3a
oueHKa Ha pucka u eb3delicmeue 8bpxy bedcmeusma

Hacmoswusam 0Ooknad pasanexda UsiylocmHa, XOucmu4yHa U MHO20hakmopHa memodosiosusi 3a
OUEeHKa Ha pucka om npupodHuU bedcmeus.

Introduction

The risk assessment (analysis) of natural hazards is a disaster preparedness activity including
pre-disaster risk reduction phase of the risk management process. Risk analysis is a base for decision
making and the main tool for the risk management and scenarios development about the risk
reduction. UN terms and definition are accepted and approved among risk management specialists.
According that, risk assessment includes three main activities shown on fig.1: vulnerability, hazard and
coping capacity assessment.

Risk — the probability of harmful consequences, or expected losses (deaths, injuries, property,
livelihoods, economic activity disruption or environment damaged) resulting from interactions between
natural or human-induced hazards and vulnerable conditions. The term risk refers to the expected
losses from a given hazard to a given element at risk, over a specified future time period. The first
definition is given by (Blaikie et al., 1994)
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Risk = Hazard potential x Vulnerability
Or
Risk = Hazard x Vulnerability / Coping capacity (UNISDR, 2002; UNDP, 2004)

It must be mentioned that these are not algebraic equations and only show the interactions
between risk, hazard and vulnerability.

Hazard potential is characterized by its probability (frequency) and intensity (magnitude or
severity).

Vulnerability — the conditions determined by physical, social, economic and environmental
factors or processes, which increase the susceptibility of a community to the impact of hazards.

Vulnerability is determined by the potential of a community to react and withstand a disaster,
e.g. its emergency facilities, disaster organization structure, education rate, early warning system, etc
(coping capacity).

The coping capacity expresses the suitability of the society to “stand against disaster” and is
described by the interaction of technical, organization, social and economic factors.

Methodology

There are many models and methods for disaster and damage assessment caused by
particular natural hazards. Each methods or model for his own specific features. The differences in
models very often lead to some disadvantages like: different results, different scenarios with various
initial and final data and results, incompatibility, inappropriateness, etc. That's why during the last
years the efforts are directed to search complex methods including all factors and parameters
concerning risk assessment and analysis.

Basic methods and methodologies about the risk and multi-risk assessment are developed by:
United nations programs (UN) — ISDR, UNDP; Inter-American Development Bank and Deutsche
Gesellschaft fur Technische Zusammenarbeit GmbH (GTZ); ESPON 3.1.3 Project; Joint Research
Centre (JRC), EC

IABD use four risk factors (IADB/GTZ, 2003): hazards, exposure, vulnerability and coping
capacity and it is described in detail in Frantzova, 2014.

The main components (called risk factors) values are determined as follows:
H=w(H1)x H1 + w(H2) x H2 + w(H3) x H3 + ...+w(Hn) x Hn

E=w(E1l) xE1l+w(E2)xE2+wW(E3)xE3+...+w(En)x En

V=w(V1) xV1+wlV2) xV2+w(V3)x V3 + ... +w(Vn)x Vn
C=w(C1l)xCl+w(C2)xC2+w(C3)xC3+..+w(Cn)xCn

where H, E, V and C are the values of the Hazard, Exposure, Vulnerability and Capacity &
Measures, respectively; H1,H2...E1,E2...V1, V2....C1,C2....refer to the scaled values of the
indicators; and w;i are the weights. A total sum of the weighting coefficients must be equal to 100.

The risk profile for the given selected area is expressed as:

R = (wH + wE + wV) —wC

where R is the overall risk index, H, E, V and C are the factors value of the hazard, exposure,
vulnerability and coping capacity, respectively and wi is the weighting coefficient.

The new developed and adapted methodology for risk and multi-risk assessment
includes:

* Risk perception as a part of the risk assessment.

This is an attempt to quantify psychological factor as a source of increasing risk and
vulnerability. Considering the models and research, risk perception can be accepted as a root
foundation related to the risk management. Therefore, the inclusion in the risk assessment is
imperative. The psychological variable "It won’t happen to me" (Fig. 2) is associated with personal
decisions. But the analogous psychological factors are the base of the human behavior and decisions.
Risk perception as a key factor may be becomes the main reason for maximize vulnerability or
respectively its reduction.

Thereby, the risk profile for the given selected area is expressed as:

R =wH + wE + wV + wRP —wC

where H, E, V, C and PR are the values of the Hazard, Exposure, Vulnerability, Coping
Capacity and Risk Perception, respectively; H1, H2...E1, E2...V1, V2....C1, C2....refer to the scaled
values of the indicators; and w; are the weights.
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The main feature of the methodology is the acceptance that the coefficient w is not equal to
the five factors; it is assumed that various factors have varying weight and contribute in changing
magnitude for the assessment of the risk levels. The values of weighting coefficients are defined
similar as it is presumed that all risk factors contribute equally to the increasing or reducing of given
risk. For the time being there are no scientific studies or technical methods which are able to defined
whether the factor "hazard" is more important than the factor "vulnerability" or “copping capacity”. The
risk factors are closely related to environment and the areas to be considered and thus their impact
can range from minimum to maximum.

Thus, we can accept the "risk perception" as the one of the core factors with the highest
,weight" in the establishment of the risk profile for the given phenomenon. The statement It won’t
happen to me” lead to ,| won’t take any measures because it merely won’t happen to me."

¢ Five classification characteristics associated with risk perception.

These evaluation elements are derived from risk perception research. They have already been
proposed as criteria for risk evaluation procedures in a number of countries such as Denmark, the
Netherlands and Switzerland (WGBU, 1996). The following are particularly important:

- Ubiquity - Spatial distribution of damage or of damage potential.

- Persistency - Temporal scope of damage or damage potential.

- lrreversibility - Non-restorability of the state that prevailed prior to occurrence of damage. In
the environmental context, this is primarily a matter of the restorability of processes of dynamic
change (such as reforestation or water treatment), not of the individual restoration of an original state
(such as preserving an individual tree or extirpating non-native plant and animal species).

- Delay effect - The possibility that there is large latency between the cause and its
consequential damage. Latency can be of physical (low reaction speed), chemical or biological nature
(such as in many forms of cancer or mutagenic changes). It can also result from a long chain of
variables (such as cessation of the Gulf Stream due to climatic changes).

- Mobilization potential (refusal of acceptance) - The violation of individual, social or cultural
interests and values that leads to a corresponding reaction on the part of those affected. Such
reactions can include open protest, the withdrawal of trust in decision makers, covert acts of sabotage
or other forms of resistance. Psychosomatic consequences can also be included in this category.

* Global Change Syndromes, specific to particular natural hazards for selected areas.

All syndromes must meet the following criteria, however:

- Each syndrome relates directly or indirectly to the environment; exclusive reference to core
problems within the anthroposphere is not permitted.

- The syndrome should occur as a visible or virulent cross-cutting problem in many regions
of the world.

- The syndrome should describe non-sustainable development and/or significant
environmental degradation.

A cardinal feature of global change is that humankind itself is now an active factor within the
Earth System, playing a significant role at the planetary scale. Human interventions, as manifested in
the depletion of raw materials, shifts in material and energy fluxes, changes to large-scale natural
structures and critical stresses on environmental assets, are altering the very character of the Earth
System to an increasing degree. The complexity of the processes involved or driven by these changes
poses a major challenge for the scientific community and generates a number of new research issues.
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Global change research must therefore deal with the diagnosis, prediction and assessment of
global trends, the prevention of negative trends, “repairing” existing damage (rehabilitation and
reconstruct) and adaptation to the unavoidable. Therefore, the primary interactions between these
trends must be identified, described and explained.

Such research should be guided by the principle of sustainable development. The crucial
element of this concept, now generally acknowledged, is the interdependence of environment and
development. This reflects a growing insight that human beings and their environment are closely
integrated within a system of mutual interaction. Research on global change is therefore confronted
with two fundamental problems. Firstly, the investigation of the Earth System requires an integrative
approach because the interactions between its components operate across the boundaries of single
disciplines, sectors or environmental media. The second fundamental problem is the enormous
complexity of the dynamic interrelationships involved, which makes a distinct description, any overall
analysis and modeling much more difficult. The only approach capable of responding adequately to
these problems is one that is networked and interdisciplinary.

The syndrome concept provides a new basis for global change research, the knowledge base
of which continues to be split up according to the environmental media or core problems. This sectoral
or disciplinary approach is certainly justified: without searching for a deeper understanding of the
individual problem areas and their functional mechanisms, it is impossible to understand the specific
aspects of environmental stress.
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Fig. 1. Assignment of core problems of global changes to syndromes (WBGU, 1998)

Why is the risk perception so important?

The study of risk perception arose out of the observation that experts and people often
disagreed about the risky various technologies and natural hazards. Three major families of theory
have been developed: psychology approaches (heuristics and cognitive), anthropology/sociology
approaches (cultural theory) and interdisciplinary approaches (social amplification of risk
framework).The earliest psychometric research was done by psychologists Daniel Kahneman and
Amos Tversky, who performed a series of gambling experiments to see how people evaluated
probabilities. Their major finding was that people use a number of heuristics to evaluate information.

Research within the psychometric paradigm turned to focus on the roles of affect, emotion,
believes, etc, in influencing risk perception. Melissa Finucane and Paul Slovic have been the key
researchers here.

Daniel Kahneman known for his work on the psychology of judgment and decision-making, as
well as behavioral economics, for which he was awarded the 2002 Nobel Memorial Prize in Economic
Sciences (shared with Vernon L. Smith).

Meanwhile, many different methods, methodologies and techniques have been developed to
predict with the highest accuracy relative frequencies and magnitude of natural events and possible
damage.

Risk perception, by contrast is based largely on personal experience, mediated information,
intuitive estimations, cultural evolution, etc. As studies of risk perception have shown that people
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associate risks not only with physical damage, but also violations of social and cultural values
(Fischhoff et al., 1978; Covello, 1983; Slovic, 1987; Brehmer, 1987; Gould et al., 1988; Renn, 1989;
Drottz-Sjoberg, 1991; Pidgeon et al., 1992; Jungermann and Slovic, 1993; Rohrmann, 1995). The
technical-scientific risk perspective has largely excluded this dimension of risk, restricting itself
essentially to damage to property, health and the environment (WGBU). It was only psychological and
sociological risk research that then created a basis for sufficiently characterizing and largely explaining
societal risk experience. Besides underscoring non-physical risk dimensions, perception research has
also shown that people base their evaluations of risks on a series of contextual risk properties in
addition to the probability and severity of damage.

On the basis of the knowledge of non-physical dimensions and contextual risk properties we
can understand the human behavior against natural events and threats. What a society defines or
professes to perceive as risk is thus not necessarily in any direct relation to the magnitude of risk as
defined by the two components of probability of occurrence and extent of damage. (Slovak, 2000;
Slovak, 2002; Fischoff at all, 2002; Renn, 1998).

It is very important for several reasons that a proactive and rationally structured risk policy
addresses the issue of risk perception. For one thing, the behavior of people is guided by their
perceptions and not by scientific risk models. The perception of risk is not independent of the
‘objective’ risk. Over the long run, only those risk perceptions will prevail that tally with the experience
of real damage. However, in rare cases, imagined risks can generate precisely those symptoms that
are in principle caused by the damage potentials of the risk sources in question. Psychosomatic
reactions are frequently the consequences of risk perceptions (Aurand and Hazard, 1992).

Secondly, in addition to severity and probability people also act on other risk properties that
not only reflect their personal preferences but should also be integrated in a rational risk policy on the
basis of normative considerations (Renn, 1998). Whether a potential damage is irreversible or not, or
whether it may impact upon other people or upon future generations, are dimensions that are usually
excluded from classic risk assessments.

Thirdly, most people are not indifferent to distributional patterns of damage over time and
space. The risk assessment process is based by definition on relative frequencies, necessarily
meaning that averages are formed over space and time. However, in the perception of most people it
is by no means the same thing whether a source of risk damages 1,000 people at one blow or
continuously damages 1,000 people over a certain period (Jungermann and Slovic, 1993).

Moreover, people also link concepts of social equity and justice to distributional patterns. In
most cultures, an asymmetrical distribution of benefits and risks requires a particular social
justification. Whether a risk is viewed as fair or acceptable depends less upon the magnitude of the
risk than upon an individual or cultural standard of equity. Classic risk assessments do not inform us
on this point (WGBU,1998).

Validation of complex risk assessment methodology

Multifactorial methodology is validated via a former disastrous even. Forest fire in the area of
Etropole, October 2010 in Stara Planina Mountain has been selected.

According to data of the Ministry of Interior, on November 10, 37 fires was burning on the
territory of the country. The most severe forest fires are located in the Stara Planina, Lovech region.

One of the heaviest fires in Stara Planina Mountain, emerged on November 6, 2010 in a
difficult accessible, highly intersected area, near the villages of Yamna, Patno Bardo, Duckot,
Zarbavica. The situation is further complicated due to high air temperature, strong winds in the area of
fire and the very low soil humidity. The fire was suppressed on 10.11.2011 using aviation equipment.

Meteorological parameters are based on the data from United States Air Force Weather
Agency (AFWA) and World Meteorological Organization (WMO).

WMO and AFWA data show a lack of rainfall, very low soil humidity and high level of drought.
The state of the environment can be described with high volume of the fuel materials (predominantly
grass, shrub and wood materials) with high density due to the autumn fall.

Based on the analysis of the available data (not specified here), we can conclude that under
existing conditions, the degree of fire hazard is significantly high for the given area.
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(The maps are prepared in the former DG Civil Protection, Mol)

Risk assessment is based on: 4 indicators for hazard; indicators for exposure; 19 indicators for
vulnerability; 19 indicators for coping capacity and risk perception conception.

These values are divided into five risk classes and described the risk levels — the data falls in
the interval between 0 and 56.25.

Risk levels Very low Low Medium High Very high
Value 0-11.25 11.25-22.50 22.50-33.75 33.75-45 45-56.25

Calculated results with value 19.5 (34.67 %) show low risk profile for the given selected area
which is consistent with the real situation.
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Conclusions

The main conclusions are related to the adaptation and use of the developed holistic
methodology about risk assessment.

The adaptation is focused to the clarification and selection of the risk factors, weighting
coefficients assessment and sensitive analysis

The application of the developed methodology to the forest fire in the area of Etropole,
October 2010 in Stara Planina Mountain shows reasonable results and considerations.
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Abstract: The solar activity cycles affect all surface geosystems, including weather and climate indices,
winds, rains, snow covers, mean sea level (MSL), river flowing and other hydrological cycles. The MSL and polar
ice changes cause common variations of the principal moments of inertia and consequently also the Earth
rotation with decadal, centennial and millennial periods. The MSL, Earth rotation and climate indices have also
some oscillations with periods from several months to 10 years, whose origin is not connected with the known
tidal, seasonal and other Earth effects. The shape of solar cycles is rather different from sinusoidal form, so they
affect geosystems by many short-term harmonics. The solar origin of interannual oscillation of Earth rotation, MSL
and climate indices is investigated by long time series of Length of Day (LOD), MSL variations at Stockholm,
temperature and precipitation over South-Eastern Europe, EI-Nino Southern Oscillation (ENSO), Total Solar
Irradiance (TSI), sunspot numbers SSN and North-South solar asymmetry (N-S SA).

Introduction

The Sun is the main energy source for all surface geosystems, including climate, weather,
MSL, winds, rainfalls etc. The essential energy transfer from the Sun to the Earth is the Total Solar
Irradiance (TSI) whose variations during the solar activity cycles cause various changes on the Earth
surface. The global energy balance (Fig. 1) consists of incoming and outgoing radiation [1]. The part of
incoming solar radiation is reflected back and the rest is absorbed by surface and atmosphere.

Kiehl & Trenberth (1997) Global Average Energy Flows
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Fig. 1. The global energy balance according Kiehl and Trenberth (1997)
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A part of absorbed by surface solar radiation produces evapotranspiration mainly from ocean.
Another part of the absorbed solar radiation produces global atmosphere circulation. This circulation
transport a part of evaporated ocean water from equatorial to polar regions by Hadley, Ferrel and
polar cells (Fig. 2). Any change of the incoming solar radiation leads to variations of evaporated ocean
water and water transport from equatorial regions to polar ice. So in case of common increase of polar
ice thickness, the mean sea level decreases and vice versa.

The climate, MSL, and polar ice thickness response to the solar activity and thus consist of
cycles whose periods are close to the well-known solar decadal, centennial and millennial periods and
their higher harmonics. The TSI variations significantly affect water evaporation and global water
cycles. The global water redistribution between the oceans and continental polar ice leads to
periodical changes of the principal moment of inertia C, followed by the Earth rotation variations,
according to the law of the angular momentum conservation. The strong local variations of
precipitation due to solar cycles affect river streamflows and possible floods.

Subtropical jet

Polar Jet

North Pole 60°N Equator

Fig. 2. Circulation patterns in Hadley, Ferrel, and polar cells, according NOAA

Data and Methods

The daily values of SSN for the period 1818.0-now are provided by the Royal Observatory of
Belgium. The time series of the TSI for the period 1610.5-2000.5 are reconstructed in [2]. The Earth
rotation data for the period 1623.5-2005.5 are available from the IERS EOP Data Center. The
detrended values of the MSL at Stockholm are determined in [3]. The annual time series of LOD are
combination between the solution of Stephenson and Morrison [4], based on lunar eclipses and star
occultations before 1955 and modern determinations afterwards. Another denser time series is the
solution C02 of IERS 1830-now.
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Fig. 3. Time series of precipitation P, temperature T over South-Eastern Europe, MSL, LOD, SSN, TSI, ENSO
and N-S solar asymmetry
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The ENSO monthly data since 1817 are available at the WEB page of the Joint Institute for the
Study of the Atmosphere and Ocean http://research.jisao.washington.edu/data/globalsstenso/. The
North-South solar asymmetry is determined from the relation (Sn—Ss)/(Sn+Ss), where the S, and Ss are
monthly sunspot area on the Northern and Southern solar hemispheres, respectively (in units of
millionths of a hemisphere). The data since 1874 are observed by the Royal Greenwich Observatory
and merged after 1976 with the US Air Force (USAF) and the US National Oceanic and Atmospheric
Administration (NOAA) data by D. Hathaway (https://solarscience.msfc.nasa.gov/greenwch.shtml).

The precipitation and temperature over part of Eastern Europe for the period 1767—2000 are
determined from the gridded data [5, 6]. The climatic data of part of Eastern Europe between
11°- 30 °E and 41°- 51 °N are determined from 710 grids (0.5° x 0.5°) over the ground (Fig. 4). The
monthly temperature and precipitation are averaged from their gridded values by the robust Danish
Method. The Danish Method [7-9] provides robust estimation of mean values and eliminates all data

outliers.
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Fig. 4. Map of South-Eastern Europe

The periodical variations are derived from the data by means of Partial Fourier Approximation
based on the Least-Squares (LS) estimation of Fourier coefficients. The Partial Fourier Approximation

F (t) of discrete data is given by

) F(t)= f,+ f,(t-t,) Zaksmkz—(t t,)+b,cosk n(t—to),
0

where Po is the period of the first harmonic, to - the mean epochs of observations, fo, f1, ax and by are
unknown coefficients and n is the number of harmonics of the partial sum, which covers all oscillations
with periods between Po/n and Po. The application of the LS estimation of Fourier coefficients needs at
least 2n + 2 observations, so the number of harmonics n is chosen significantly smaller than the
number N of sampled data fi. It should be kept in mind that the small number of harmonics n yields to
LS estimation of the coefficient errors, too. This estimation is the first essential difference with the
classical Fourier approximation. The second essential difference with the classical case is the arbitrary
choice of the period of first harmonic Po, instead of the observational time span, so the estimated
frequencies may cover the desired set of real oscillations. This method allows a flexible and easy
separation of harmonic oscillations into different frequency bands by the formula:

B(t)= iaksink%(t—t )+b, cosklzo—n(t t, ),

k=m, 0 0

)
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where the desired frequencies ax are limited by the bandwidth
2nm, 2nm,
3) <o < ,
I:)0 I:)0

After estimating the Fourier coefficients, it is possible to identify a narrow frequency zone
presenting significant amplitude, and defining a given cycle. Then this cycle can be reconstructed in
time domain as the partial sum limited to the corresponding frequency bandwidth. Doing this for
terrestrial and solar time series we shall identify their respective cycles, isolate and compare the
common ones.

The common solar and terrestrial cycles are derived by a model of harmonic oscillations with
three different group of oscillations. The main group of oscillations is born by the 22-year solar cycle
and its 22 harmonics. They cover all periods from 1 to 22 years (Tablel). The used solar and
terrestrial time series have different long-periodical behavior and their long-term variations with
decadal periods are eliminated by the first 10 harmonics of 125-year oscillation (Table 2). The 5-th,
6-th and 7-th harmonics of these long terms are excluded from the model, because the beat period
between them, the lunar node and the 22-year solar cycle is greater than the 125-year observational
span. The terrestrial data are affected by different long term tides, while the solar data are not, so it is
necessary to eliminate any oscillations with the periods of long term tides between 1 and 18.6 years.
To do this, the model of common interannual solar-terrestrial cycles includes additional 6 oscillations
with tidal periods (Table 3). The model of common interannual solar-terrestrial cycles consists of the
above groups of tidal oscillations, long period terms and solar harmonics. The harmonic coefficients of
this model are estimated by means of the Method of Partial Fourier Approximation. The estimation
accuracy is better than 30us for LOD; 1 for SSN; 0.01W/m? for TSI; 7mm for MSL; 0.01 for ENSO;
0.02 for N-S solar asymmetry, 0.07° for temperature T; and 0.8mm for precipitation P.

Table 1. Harmonics of 22-year solar cycle

No Period [yr] No Period [yr]
1 22.00 12 1.83
2 11.50 13 1.69
3 7.33 14 1.57
4 5.50 15 1.47
5 4.40 16 1.37
6 3.67 17 1.29
7 3.14 18 1.22
8 2.75 19 1.16
9 244 20 1.10
10 2.20 21 1.05
11 2.00 22 1.00

Table 2. Harmonics of 125-year period

No Period [yr]

125.00
62.50
41.67
31.25
15.62
13.89
0 12.50

POk~ WNPRE

Table 3. Fundamental terms and periods of long term tides

| I F D Q Period [days]
1 0 0 -1 0 411.78
2 0 -2 0 0 —-1095.18
-2 0 2 0 1 1305.48
-1 1 0 1 0 3232.86
0 0 0 0 2 -3399.19
0 0 0 0 1 —6798.38
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Results

The common cycles between solar and terrestrial indices are calculated by the Method of
Partial Fourier Approximation and the Model of 22-year oscillations according Tables 1-3. These
cycles are shown in Figs. 5-8. They cover several bands with periodicities between 1.04 and 7.3 yr.
The MSL have good correlation with SSN variations (Fig. 5). The LOD is affected by SSN and TSI
variations (Fig. 6). The ENSO correlate with the N-S solar asymmetry (Fig. 7). The temperature is
affected by the TSI variations, while the precipitation — by SSN variations (Fig. 8). Some common
cycles have phase reverse for short-time intervals.
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The common interannual solar-terrestrial cycles are determined by superposition of two
oscillations with neighbor periods from Table 1 and their comparison. The variations of the Wolf's
numbers represent mainly the intensity of the solar wind. The solar wind variations affect
interplanetary and Earth magnetic fields, whose changes modulate the cosmic rays. The cosmic rays
produce a ionization of the atmosphere, changes of atmosphere conductivity, lightning, and an
increase of ozone concentration. The changes of atmospheric water vapor content and ozone plays
significant role in climate variations. The SSN strongly affect earth rotation, mean sea level and
precipitation over South-Eastern Europe (Figs. 5, 6, 8), whose variations are connected with climate
changes. The total solar irradiance affects climate changes directly. The TSI variations have good
agreement with LOD and temperature over Eastern Europe (Fig. 8). The N-S solar asymmetry is
connected with solar magnetic field disturbances, followed by temporal variations of solar wind and
corresponding changes of the heliosphere and these processes produce modulation of cosmic rays,
so the solar cycles may drive Enso variations by modulation of cosmic rays over the Pacific Ocean.
The chosen examples of common interannual solar-terrestrial cycles in Figs. 5-8 expose identical
variations of amplitudes and phases.

Conclusions

The investigation of the variations of Earth parameters in time and their connection with solar
activity is very important in studying the natural risks and the environmental changes. The new
complex local and global models of solar-terrestrial interconnections may improve long term forecasts
of danger climate events like severe dry or wet, floods, extremely high or low temperatures. The
existing long climatic and astronomical time series with centennial time spans are useful to study
common decadal and centennial cycles of the solar activity, climate, Earth rotation and other terrestrial
phenomena. The solar activity affects all geosystems by its decadal, centennial and millennial cycles
and especially by their harmonics, due to non-sinusoidal shapes of the known cycles. A good
agreement exists between the interannual cycles of LOD, MSL, climate and solar indices whose
periods are between 1 and 7.3 years. Chapanov et al. determine common decadal cycles of Earth
rotation, mean sea level and climate, excited by solar activity harmonics [10]. New frequency bands of
common interannual cycles in solar, climatic and geodetic data are determined by means of solar
harmonics. The new linear models of common cycles with periods from several months to 50 years in
solar, climatic and geodetic data may improve our knowledge of solar-terrestrial influences. It is
possible to create long-term forecasts of climate change, mean sea level and Earth rotation variations
with high resolution in time.
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Abstract: The solar activity cycles excite periodical and pseudo periodical variations of all Earth
systems, including climate, water cycles, rainfalls, streamflow, groundwater etc. The water cycles have short term,
seasonal, interannual and long term periodicities with different local revealing. The interannual and decadal water
cycles are strongly driven by the solar activity due to periodical variations of the Total Solar Irradiance (TSI) and
cosmic ray modulation by the solar wind, geomagnetic and the interplanetary magnetic field. The solar influence
on river streamflow is investigated by means of time series of TSI, sunspot numbers (SSN), Cosmic Rays (CR),
Palmer Drought Severity Index (PDSI) and reconstructed streamflow of Rio Grande (1508-2003) and Alamosa
river in Colorado (1632—-2002). The local variations of the PDSI are investigated close to the river basins. The
correlation between solar and climatic indices and water data is analyzed.

Introduction

The river streamflow analyses can be successfully used in water resource planning and
management, depending on the needs of the wide range users. It is possible to use these applications
in several general directions: as informal, qualitative guidance for water managers, stakeholders and
decision makers and prediction about long-term drought variability; for quantitative assessments of
long-term hydrologic variability and assessment the severity and duration of drought cycles; as direct
inputs into hydrologic models of a water system, etc.

The irregular and long-term variations of the Earth physical systems are mainly caused by the
influence of the Sun and solar activity cycles. The solar cycles can drive great number of
geodynamical processes connected with the convections of the Earth fluids on the surface and inside
the Earth. Many of climate and weather parameters are affected directly by the variations of the solar
activity including water cycles, rainfalls, streamflows, groundwater etc. The interannual and decadal
water cycles are strongly driven by the solar activity due to periodical variations of the total solar
irradiance and energy transfer from the sun to the Earth by the solar wind and the interplanetary
magnetic field. Recently a new mechanism of climate modulation, based on cosmic rays variations,
has been proposed [1-4]. This mechanism is based on chain processes near tropopause by ozone
production, temperature variations, followed by vertical winds and water content change. The last step
of this chain affects surface temperature, because the atmospheric water is one of the most powerful
greenhouse gas. This model provides an explanation for the cascade processes in which CR, whose
total energy is relatively small, cause climatic effects with much more energy. The solar activity cycles
modulate CR directly by the heliosphere and indirectly by the geomagnetic field changes. The solar
influences on local variations of river streamflows are investigated by means of TSI, CR and PDSI
time series and reconstructed streamflows of Rio Grande (1508—-2003) and Alamosa river in Colorado
(1632-2002).

Data and Methods

The observed river streamflow has relatively short history. Longer time series of observed data
are available for some North American rivers — since 1890 (Rio Grande); 1935 (Alamosa), and etc.
The determination of the solar influence on the hydrological cycles need longer water data series,
available from the reconstructed streamflow. The reconstructed streamflow from tree-ring data is the
best method of determination of past variations, proved by the relationship between tree-ring time
series and observed streamflow over the modern period. The TreeFlow is a comprehensive web
resource for tree-ring reconstructions of streamflow and climate, providing easy access to
reconstruction data (http://treeflow.info). A forward stepwise regression procedure was used to
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calibrate the observed flow record with a pool of potential predictors consisting of tree ring
chronologies from Colorado and northern New Mexico. The reconstructed streamflow time series
cover almost 4 centuries for Alamosa river and 5 centuries for Rio Grande. The long-term streamflow

variations are determined by Fourier approximation with truncation of terms shorter than 9a for Rio
Grande basin (Fig. 1).
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Fig. 1. Annual streamflows of rivers Alamosa in Colorado (a) and Rio Grande near Del Norte in New Mexico (b)
and their long-term variations (c) and (d)

The Palmer Drought Severity Index (PDSI) is involved by Palmer [5] to represent the severity
of dry and wet spells over the U.S. based on monthly temperature and precipitation data as well as the
soil-water holding capacity at that location. The global PDSI data [6, 7] consist of the monthly surface
air temperature [8] and precipitation [9, 10] over global land areas from 1870 to 2006. These data is
represented as PDSI values in global grids 2°.5 x 2°.5. The PDSI variations are between —10 and +10,
where the drought conditions are in terms of minus numbers and the wet conditions — in terms of
positive numbers.

The time series of the PDSI variations are determined by the mean values from all grid data
from the selected area. The mean values are computed by means of the robust Danish method
(8, 9, 10). This method allows to detect and isolate outliers and to obtain accurate and reliable solution
for the mean values. The PDSI values are calculated for the region of Rio Grande basin (Fig. 2). Their
RMS errors are less than 0.1. The Rio Grande basin cover area between longitude 100°-112.5° W
and latitude 30°—40° N with grid numbers up to 20. The long-term variations of PDSI time series are

determined by Fourier approximation with truncation of terms shorter than 9a for Rio Grande basin
(Fig. 3, b).
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Fig. 3. Palmer Drought Severity Index (PDSI), calculated for Rio Grande and Alamos rivers basin (a),
and their long-term variations (b)
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The annual and daily values of SSN for the period 1700.0-now are provided by the Royal
Observatory of Belgium. The 22-year solar magnetic cycles are represented by the extended 22-year
SSN variations (SSN_22yr), determined by altering the even 11-year SSN cycles (Fig. 4). The time
series of the TSI for the period 1610.5-2010.5 are reconstructed in [11]. The intensity of galactic CR at
the Earth’s orbit since 1610 has been calculated in [12—-14] (Fig. 5)

! = 200

'Qt':'l'-"l"-'|-'1-|1'r'|r'~r|~
Epoch 1750 1800 1880 1800 1880 2000 Epoch 1780 800 13RO 1900 1880 2000

Fig. 4. Time series of SSN and extended 22-year SSN variations (SSN_22yr)
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Fig. 5. Reconstructed time series of CR and TSI

The periodical variations are derived from the data by means of Partial Fourier Approximation
based on the Least-Squares (LS) estimation of Fourier coefficients [15]. The Partial Fourier

Approximation F (t) of discrete data is given by

) F(t)= f,+ fl(t—t0)+iaksink%(t—t0)+bkcosk%(t—t0),

k=1 0 0

where Po is the period of the first harmonic, to - the mean epochs of observations, fo, f1, ax and by are
unknown coefficients and n is the number of harmonics of the partial sum, which covers all oscillations
with periods between Po/n and Po. The application of the LS estimation of Fourier coefficients needs at
least 2n + 2 observations, so the number of harmonics n is chosen significantly smaller than the
number N of sampled data f.. It should be kept in mind that the small number of harmonics n yields to
LS estimation of the coefficient errors, too. This estimation is the first essential difference with the
classical Fourier approximation. The second essential difference with the classical case is the arbitrary
choice of the period of first harmonic Po, instead of the observational time span, so the estimated
frequencies may cover the desired set of real oscillations. This method allows a flexible and easy
separation of harmonic oscillations into different frequency bands by the formula:

) B(t)= Zzlaksink@(t—toﬁbkcoskz—n(t—to),
@ & P P

0 0

where the desired frequencies ax are limited by the bandwidth
2nm, 2mm,
3) <o <
P P
After estimating the Fourier coefficients, it is possible to identify a narrow frequency zone
presenting significant amplitude, and defining a given cycle. Then this cycle can be reconstructed in
time domain as the partial sum limited to the corresponding frequency bandwidth. Doing this for
terrestrial and solar time series we shall identify their respective cycles, isolate and compare the
common ones.
The estimation accuracy of amplitudes is better than 1 for SSN; 0.01W/m? for TSI; 0.02 km?3
for Rio Grande streamflow; and 2 x 10° m? for Alamosa streamflow.

Results

Rio Grande streamflow is compared with the 22-year solar magnetic cycles in Fig.6. The
common cycles between CR, TSI and river streamflows are shown in Figs. 7 and 8 The PDSI and
river streamflows variations are compared in Fig. 9.
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Partial correlation between solar magnetic cycles and Rio Grande streamflow exists with
positive correlation coefficient for time intervals 1750—-1850 and 1920-2000 and negative coefficient —
for time interval1850-1920 (Fig. 6).
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Fig. 6. Influence of solar magnetic cycles on Rio Grande streamflow, (a) — with positive correlation,
(b) — with negative correlation coefficient

The TSI and CR have different long-term spectra, so they individually dominate in river
streamflows variations in some frequency bands. The solar activity and modulated cosmic rays by
solar wind and magnetic fields affect river streamflows in large number of decadal and centennial
periodicities between 9 and 200 years. The variations of river streamflows have identically cycles with
CR and TSI oscillations in most frequency bands in Figs. 7 and 8 with exception of 4 short-time phase
reverses. The influence of CR and TSI on river streamflows variations is frequency dependent, so it is
not possible to study their correlation by direct comparison of time series. The time lag is usually
below 10yr with exception of centennial variations, where the time lag reaches 20—25 yr.
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Fig. 7. CR and TSI (solid lines) influence on Rio Grande river streamflow variations (dashed line)
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The solar activity affects terrestrial systems by means of direct radiation over Earth surface,
solar wind, and the solar magnetic field. The solar wind directly affects Earth magnetic field,
ionosphere and atmosphere. The variations of solar magnetic field modulate solar wind and cosmic
rays in the frame of the heliosphere. The cosmic rays near Earth are modulated by Earth magnetic
field variations, too. A significant part of cosmic rays consists of charged solar particles, whose
interaction with the Earth atmosphere is preceded by focussing effect of geomagnetic field over polar
regions, while the most energetic galactic cosmic rays affect all Earth regions. The cosmic ray
intensity is controversial to the TSI variations. The TSI is strong during solar activity maximum, when
the cosmic ray intensity has minimum and vice versa. So, during TSI maxima, the warming processes
occur on Earth surface, and during TSI minima the thermal cycle amplitudes are amplified, due to
cooling effects of cosmic rays.
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Fig. 8. TSI and CR (solid lines) influence on Alamosa river streamflow variations (dashed line)

The influence of solar activity on river streamflows is not direct. The TSI and CR variations
affect initially various climatic parameters. The climatic changes over Rio Grande basin are presented
by means of PDSI variations. The PDSI variations have good agreement with the Rio Grande and
Alamosa river streamflows long-term oscillations (Fig. 9).
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Fig. 9. PDSI (solid lines) influence on Rio Grande river (a)
and Alamosa river (b) streamflows (dashed lines) variations

Conclusions

The solar activity strongly affects the local variations of river streamflows especially of the
rivers with large streamflows. The type of solar influences on river streamflows is direct by means of
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total solar irradiance variations and non-direct by means of solar wind and interplanetary magnetic
field variations, followed by geomagnetic disturbances, cosmic particles, local variations of
temperature, humidity, rainfalls, climate and weather and etc. The solar wind variations affect
interplanetary and Earth magnetic fields, whose changes modulate the cosmic rays. The cosmic rays
produce a ionization of the atmosphere, changes of atmosphere conductivity, lightning, and an
increase of ozone concentration. The changes of atmospheric water vapor content and ozone plays
significant role in climate variations.

Strong correlation exists between the river streamflow variations and 22-year solar cycles.
Unfortunately, these dependences are broken by sudden phase reverses, leading to switch between
the positive and negative correlation. The phase reverses are big problem in streamflow models of
interannual and long-term periodical variations and their prediction.

The dominant factors of the long term variations of river streamflows are the local and regional
climatic influences represented by the local PDSI variations, calculated for the area over the river
basins. Significant correlation between the PDSI variations and 11-, 22- and 45-year solar cycles was
determined in [16]. The local PDSI variations have strong positive correlation with the long-term river
streamflow variations with small deviation for some frequencies and time intervals. The local PDSI
index itself is not enough to create reliable models of streamflow variations. It is necessary to involve
all available solar and space indices.

The common decadal and centennial solar-terrestrial cycles are determined by superposition
of two oscillations with neighbor periods and their comparison. The CR and TSI harmonics have
identical cycles with river streamflows in several frequency bands with periods between 9 and
192 years. Some common cycles have phase reverse for short-time intervals. The Rio Grande
streamflow has positive correlation coefficients with TSI oscillations and negative correlation
coefficients with CR oscillations, while the Alamosa river streamflow is vice versa. So, the Rio Grande
streamflow is affected by the water transport from the ocean, and it has significant increase during TSI
maxima and CR minima. The Alamosa river streamflow depends on local climatic variations and
expose significant decrease during TSI maxima.
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Pe3stome: M3crnedsaHu ca pedoseme 3a memrepamypama U cyMapHama crib4ega eHepausi o OaHHU
om Memeoponoau4yHama cmaHyusi Vantage Pro2 Plus uHcmanupaHa 6 patioHa Ha ba3zosa obcepsamopusi npu
UKUT, Cmapa 3azopa. JaHHume obxsawam nepuoda om uHcmanupaHemo Ha cmaHyusma npes toHu 20112. 8o
cenmemspu 2019 2. [Tocpedcmeom fIUHEEH pe2peCcUOHEeH aHanu3 e ycmaHogeHa sucoka kopenauyusi ¢ r = 0.90
Mex0y MeceyHume memrepamypu U cymapHama MeceyHa clibH4yesa eHepausi. 1o makbe HaqyuH 6e rokasaHo
cmamucmu4ecku, Ye pewasaujusi ghakmop 3a ¢hopMmupaHe Ha MecedHama memrepamypa Ha npu3eMHusi 8b30yxX
ce s8sisa CyMapHama MecedyHa CITbHYeg8a eHepaus, a 8CUYKU ocmaHasiu hakmopu umMam emopocmerneHHO
3HayeHue. Ha cnedesawusi eman nocpedcmeoM KpOCKOpPeayUOHEeH aHasu3 e rokasaHo, 4e cpedHuUme MeceyqyHuU
memnepamypu u3ocmasam ¢ 1 Mmecey cried cymapHama cClibH4Yega eHepeus. Hali-eeposmHama npu4uHa 3a
u3ocmasaHemo ce si8sisa MOM/AUHHama UHepmHocm Ha ModsioxXHama noe8bPXHOCM U HUCKama ammocghepa.
Toea cb30asa 6b3MOXHOCM 3a nodobpseaHe mMoOYyHOCmMMa Ha fpoeHo3ama 3a cpedHama MeceyHa
memnepamypa.

STATISTICAL ANALYSIS OF THE RELATIONSHIP OF TEMPERATURE
AND TOTAL SOLAR ENERGY IN BRANCH OBSERVATORY
OF SRTI IN STARA ZAGORA

Dimitar Valev, Veselin Tashev, Rolf Werner, Veneta Guineva

Section of Atmospheric Optical Investigations of SRTI-BAS in Stara Zagora
e-mail: valev@gbg.bg

Keywords: total solar energy, surface air temperature, correlation

Abstract: The series of temperature and total solar energy in the Branch Observatory of SRTI in Stara
Zagora has been studied by data of meteorological station Vantage Pro2 Plus. The data cover a period from
installation of the station in June 2011 to September 2019. By linear regression it was found a close correlation
(r = 0.90) of monthly temperature and total solar energy. Thus, it was shown statistically that the crucial parameter
for monthly temperature of surface are is total solar energy and the rest parameters have secondary contribution.
At the next stage of the studies it was shown by cross-correlation that the monthly temperature lags one month
after total solar energy. The most probably reason of this lag is thermal inertia of the surface and low atmosphere.
This creates a possibility for improvement of monthly temperature prognosis.

BbBepneHune

M3BecCTHO e, Ye TemnepaTypaTa Ha NPU3EMHUS CMOM N HUCKaTa aTMocepa ce hopmMmmpa nog,
BMNMSIHWE HA MHOXECTBO (hakTopu — Npsika U pascesiHa CNbHYeBa pagnaums, obnayHocT, agBekuus Ha
Bb34YWHN Macu, BMA W CbCTOSHME Ha MNoAJioXKHaTa MOBBLPXHOCT, pened v Ap. CnbHyeBaTa
KbCOBBLITHOBA paamalums € OCHOBEH KnMmatoobpasyBall, hakTop M rfaBeH M3TOYHMK Ha TOMMMHHA
€Heprusl 3a MoYTM BCUMYKM NPUPOLAHU MPOLECUM pasBMBaLUM Ce BbpXy 3eMHaTa MOBBbPXHOCT, B
aTMocdpepata u xuagpocdepaTta. CrnbHYeBaTa paguaumusi € MNIbTHOCTTA Ha €EHEepruiHus MoTOoK
n3nbyBaH oT CNbHUETO Ha pascTosiHMe ejHa acTPOHOMMYECKa eanHLa, T.e. HA CPeaHOTO pascTosiHe
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CnbHue - 3emsi. Tasn eHeprusi ce Hapuda owle CrbHYeBa KOHCTaHTa W MpeAcTaBnsiBa cpegHara
pagvauus Ha ropHata rpaHuMua Ha 3emHata atmocdepa. CnbHYeBaTa KOHCTaAHTa uUma cpefHa
cToiHocT 1366 W/m2 [1] kaTo Bapupa npe3 cnbHYyeBMst UMkbn ¢ + 0.1 % [2]. EgHa vact or
nonagaiiaTta cnbHYeBaTa eHeprusi Bbpxy 3emMHaTa atmocdepa ce oTpassiBa AUPEKTHO obpaTHO B
KocMmoca, a apyra yacT ce abcopbupa B atmocdeparta u nognoxHaTta nosbpxHocT. O6wwo okono 19%
OT CMbHYEeBaTa eHeprus He JOCTUra 3eMHaTa MOBBbPXHOCT, a Ce MOrnblia M pa3ceiiBa OT rasoBeTe
(COg2, O3, H20 napa) n aeposonute B 6e3obnayHaTta atmocdepa [3].

lMpskaTa cnbHYeBa paguaums ce M3MepBa BbpPXy MOBBPXHOCT, MEPNeHOUKynsipHa Ha
CIbHYEBUTE NbUK. T4 3aBMCKM OT 3eHUTHMSA bIbi Ha CibHUETO, reorpadckarta LMpUHA U CE30Ha.
O6nayvyHoCTTa MHOroKpaTHO HaMarnsiBa KONMYeCTBOTO Ha Npsikata ClibHYEeBa pagvauus gocturaila ao
3emMHaTa MOBBLPXHOCT, a B CbLIOTO BpemMe yBenu4aBa pa3cesHaTa CnbH4YeBa paguauums. PascesHa
CNbHYeBa paguauust e Tasu YacT OT ClbHYeBaTa paguaumns, KosiTo AoCTuUra A0 3eMHaTa NOBbLPXHOCT
He NpsKo, a cnepn pasceriBaHe B aTMocdepaTta OT BoAHUTE Kanku Ha obnauute. MNpu 6e3obnavHa
atMmocdepa pascesiHaTta cnbHYeBa pagvauma € 6mm3o 10 nbTu no-cnaba OT npskata, HO MNpu
3HauYuTeNHa 06Ma4YHOCT M HUCKa BUCOYMHA Ha CBbHLETO TS CTaBa CbM3Mepuma C npsikata ciibHYeBa
pagnaums [4]. CymaTta OT npsikata M pascesiHaTa CrbHYeBa paavauus faBa cymapHata cribH4YeBa
pagvaumus. PagnaumoHHMAT GanaHc Ha 3emMHaTa MOBBLPXHOCT U MPU3EMHMS CrOW NpeacTaBnsea
pasnukata Mexgy norbfiHatata cymapHa ClbHYeBa paguauvsi U ObfroBbIIHOBOTO TeMMepaTypHO
U3NbyBaHe Ha 3eMHaTa MOBBbPXHOCT. PagnaumoHHMAT OanaHCc € MONoXWTENeH npes3 no-ronsamaTta
YacT OT AeHs W npe3 NnATOTo,a Npe3 HowTa M npe3 3uMarta e oTpuuaTeneH, HO roguiiHata my
CTOMHOCT e 6nunska Ao Hyna.

M3BecTHO e, 4Ye Mexay cymMapHaTa CibHYeBa paguaums 1M TemnepaTyparta Ha NpU3eMHUs
Bb34yX CbLLECTBYBa TsiCHA Kopenauusi, KOSTO ce M3non3yBa 3a Bb3CTaHOBSIBAHE HA CTOMHOCTMTE Ha
cymapHaTa CnbHYeBa paguauust B cTaHUMM 6e3 pagualMoHHM M3mepBaHus Ha GasaTa Ha AaHHW 3a
Temnepatypata [5-8]. Llenta Ha HacTodwarta pabota e ga um3crnegBamMe [OKOMKO 3HAYUMO e
Bb34ENCTBMETO Ha CyMapHaTa ClbHYEBa eHeprus 4ocTuralia 3eMHata NoBbpXHOCT BbpXy cpeaHaTa
TemnepaTypa Ha MpPU3EMHMS Bb3QyxXx B CpaBHEHME C OCTaHanute @akTopy BRMSiEWN BbPXY
TemnepaTypaTa B panioHa Ha basoBa obcepsaTopusa npu MKUT B Ctapa 3aropa.

OaHHu n meToam 3a oGpaGOTKa Ha AaHHuTEe

Ot toHn 2011 r. B cekuyma Atmocdepn ontnyHu emucumn npu MKUT-BAH, Ctapa 3aropa
paboTn B HENpekbCHaT aBTOMaTUYeH pexmMm MeTeoponornyHata ctaHuusa (MC) Vantage Pro2 Plus.
Ta e npegHasHadeHa 3a HabnwgeHune Ha METEOpOoNIorMYyHWUTE napameTpu — Temnepatypa,
OTHOCWTENHa BMAXHOCT, aTMOC(epHO HansraHe, Banexu, CKOPOCT M nocoka Ha BATbpa. C
OONBbIHUTENHU CEH30pU Cce u3MepBa cymapHaTta (npsika + pascesiHa) chbHYeBa paguauua u
yntpasuoneToBus uHaekc (UV-uHpgekc). Mo Bpeme Ha apxusupawms uHtepsan (15 MUHyTH)
AatyvumTe namepBaT MHOMOKpaTHO METEOPONIOrMYHUTE NapaMeTpu 1 crief yecpeaHsiBaHe Ha TexHuTe
rnokasaHusl ce apxuBupa cpegHaTa CTOMHOCT Ha BCEKU NapameTbp 3a To3u UHTepsan. [1o TakbB HauuH
3a 1 yac umame 4 CTOMHOCTWM 3a BCAKa OT WM3MEPBAHUTE METEOPONOrMYHU MapameTpu U ypes
yCcpeaHsiBaHETO MM orpejensMme cpegHodacoBaTta CTOMHOCT Ha CbOTBETHUS METEOopOonornyeH
napameTsp.

B paboTtarta ca n3nonsyBaHu gaHHWUTE 3a TeMnepaTtypaTta Ha NPU3eMHUsA Bb34yX U cymapHaTta
CNbHYEBA €Heprusa gocTturaila A0 3eMHaTa MOBbPXHOCT, nony4vyeHu nocpegcreom MC Vantage Pro2
Plus npe3 nepuoaa toHm 2011 r. — centemepu 2019 r. OnpegeneHn ca cpegHOMECEYHNTE CTOMHOCTU
Ha TemnepaTtypaTa M CyMapHata MecCeyHa ClbHYeBa eHeprns AocTurawia 3emHaTta NoBBbPXHOCT B
paroHa Ha MC B egnHuum kWh/m?2. Mo TakbB Ha4MH ca hopMMpaHn BpEMEBUTE peoBe Ha cpeaHaTa
MecevyHa TemnepaTypa W Ha cymapHaTa MecedyHa CibHYeBa eHeprus 3a nepvopa toHn 2011 r. —
centemspu 2019 .

3a cTaTUCTUYECKM aHanuM3 Ha BPeMeBUTE pedoBe ca WM3NON3yBaHW NWHENHA perpecus u
KpockopernauuoHeH aHanu3. HMBOTO Ha cTaTucTU4ecka 3Ha4MmocT e onpegeneHo nocpeacTsoM
cTaHaapTHuS t-kputepun Ha CTIOABLHT.

Pesyntatu

dur.1 npegcraBngaBa KapTta Ha pasnpefeneHneTto Ha roguvliHata cyma Ha chibH4YeBaTa
eHeprus 3a TepuTopusiTa Ha Bbnrapus [9]. Pasnukute B pasnuuHuTe panioHn ce obycnasaT npeau
BCWMYKO OT KONMMYECTBOTO M febenuHaTta Ha obnavyHocTTa U Mbrnarta B Te3u pernoHu. MNMonyyeHarta ot
Hac cpefHa roguvwiHa cyma Ha crnibH4YeBaTa eHeprusl 3a Ctapa 3aropa ot 1330 kWh/m? e 6nuska go
KnumaTuyHaTa CTOMHOCT. Ha dur. 2 e nokasaHa kapTa Ha pasnpefeneHveTo Ha cpefHaTa roguliHa
TemnepaTtypa Ha npusemMHus Bb3ayx B bbnrapus [10]. Nogobueto Ha aBeTe KapTu nokasea, ye Oo
ronsiMa cTeneH pasnpegeneHneTo Ha rogvwiHaTa CymMa Ha CnbHYeBaTa eHeprusi CbOTBETCTBYBaA Ha
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pasnpeneneHneTo Ha roguwHmnTe Ttemnepatypu B 5bnrapm|. OTKNOHeHUsATa ca Hau-ronemm B
nnaHunHUTE, KbAEeTO cpedHaTa rogullHa Temneparypa HamMmandaea nponopunoHanHoO Ha HaaMOpcCKaTta
BUCOYUNHA.

moGanHa XopuaoHTanHa cNeHYesa paguaums Benrapus-

Cpaminta tocusss oy (172004 - 32010) o ww

<1200 1300 16400 1500 » WVS W 2017 GeoModwl Sotar 5.0 ¢

dur. 1. PasnpeneneHune Ha roguwHaTa CyMa Ha CyMapHaTa ClibH4Y€Ba eHeprua 3a TeputopudaTta Ha Bvnrapusa

o 7HEEmE S s

ANO AN M v H A B ONDNDY

odur. 2. PasnpeneneHuye Ha cpeHaTta roavilHa TeMnepaTypa Ha Npu3eMHust Bb3gyx B Bbnrapus

Ha our. 3 ca nokasaHu BpeMeBWUTEe pefoBe Ha CpefHaTa MeceyHa Temnepatypa W Ha
cymapHaTa MeceuyHa cnbH4YeBa eHeprus 3a nepuoga toHu 2011 r. — centemspn 2019 r. Buxaa ce
OTIINYHO U3Pa3eHUs CE30HEH XOA Ha Te3U ABEe BENNYMHMU.
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dur. 3. BpemeBu xof4 Ha cpegHaTa MecevHa TeMmnepaTtypa U cymapHaTa MeceyHa CnbHYeBa eHeprus
3a nepuoga toHn 2011 r. — centemspu 2019 r.

Ce3oHHMA XO4 Ha cpegHaTa MecedyHa TemnepaTtypa M CymapHaTa MecedHa ChbHYeBa
eHeprusa ycpegHeHu 3a uenusa nepuog Ha HabnwgeHuaTa e nokasaH Ha dur. 4. Buxkga ce, 4de
TemnepaTtypata uma MUHUMYM Tmin = 1.18 °C npe3 aHyapu n MakcuMym Tmax = 23.64 °C npes aBrycr,
a cymapHaTa MeceyHa chbHYeBa eHeprus uMa MuHumym E = 39.10 kWh/m2 npes gekemBpu U
Makcumym E = 189.80 kWh/m2 npes tonu.
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dur. 4. Ce30HeH X0 Ha cpegHaTa MecevHa TemMnepartypa n cymapHata Mece4Ha ClibH4YeBa eHeprua
3a nepuoga Ha HabntogeHusaTa

Ha cneppalums etan oT paboTtata 6e npoBedeH NMMHEEH perpecuoHeH aHanu3 Ha cpegHaTta
MeceyHa TemnepaTypa M cymapHata MecedyHa CcrbH4YeBa eHeprud. Pesyntatute OT NUMHENHUS
perpecuoHeH aHanu3 ca nokasaHu Ha dur. 5. Okasa ce, Ye 3aBMCMMOCTTA Ha cpedHaTa MeceyHa
TemMnepaTypa OT CyMapHaTa MecedyHa CIbHYEeBa €Heprnsi € MHOro0 TsCHa W KOpenauMOHHUAT
koedumumeHT goctura r = 0.90. HMBOTO Ha cTaTuUCTMYecka 3Ha4YMMOCT Ha kopenauusita P Ge
onpegerneHo nocpeacrtesom t-kputepusa Ha CTogbHT M goctura P < 0.000001. M3BecTHo e, 4e
BenvunHata R? nokasBa kakBa 4acT OT BapuauuMTe Ha npegukTopa (B cryy4as MeceyHaTta
Temnepartypa) ce ObMKaT Ha npegukTaHTa (CymapHaTa MeceyHa cnbHYeBa eHeprusi). CnegoBaTtenHo
81% oT BapuauuuTe Ha MeceyHaTa TemnepaTypa ce onpefenat OT BAWSHMETO Ha cymapHaTta
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MeceyHa CrbHYeBa eHeprnss U camo 19 % OT Teau Bapuauum ca pesynTtaT OT BCUYKM OcTaHanu
dhakTopU, BNMSeLLM BbpXy hopMUpaHETO Ha TeMrepaTypaTa Ha NpM3eMHUs Bb3ayX. Mo TakbB HauMH
6e ycTaHOBEeHO CTaTUCTUYECKM, Ye peluaBalums gakTop 3a hopMMpaHe Ha MecedyHaTa Temneparypa
Ha npu3eMHMsI Bb3OyX Ce fABSIBA CyMapHaTa MeceyHa CITbHYeBa €eHeprusi, a BCWUYKM ocTaHanm
dbaKkTOpU MMAT BTOPOCTENEHHO 3HAYEHNe.
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dur. 5. 3aBucUMOCT Mexay cpefHaTa MeceyHa TemnepaTtypa U cymapHaTa MeceyHa CribHYeBa eHeprus

Pesyntatute OT KpOCKOpenauuMOHHUS aHanu3 3a cpegHaTa MecedyHa Temnepatypa U
cymapHaTa MeceyHa ClbHYeBa eHeprusi ca npeacraseHy Ha dur. 6. HMBoTo Ha goBepue (cTaHgapTHa
rpewka or = 0.11) e NokazaHoO C MyHKTUpaHa NuHWA. Bukaa ce, Ye KpockopenaunoHHaTa (yHKUUS
MMa MaKCMMYM Mpu 3aKbCHSIBAHE Ha MeceyHa TemnepaTypa CrpsiMO cymapHaTa MeceyHa CIibHYeBa
eHeprus ¢ 1 meceu. Mpu ToBa KopenauMoOHHUAT KoedUUMEHT HapacTBa Ouwe M JoCTUra CTOMHOCT
r = 0.94. Hait-BeposiTHaTa npuyMHa 3a M30CTaBaHETO Ha cpedHaTa MeceyHa TemrepaTypa CrpsiMo
cymapHaTa MeceyHa CITbHYEBa €Heprusi ce sBSIBa MHEPTHOCTTa Ha MoAnoXHata MNOBBbPXHOCT U
npusemMHust criod. ToBa cb3daBa MOTEHLUMANHa Bb3MOXHOCT 3a nodobpsiBaHe TOYHOCTTa Ha
nporHosara 3a cpeHaTa MeceyHa Temnepatypa 1 Mecel, npeaBapuTesiHo.

CrossCorrelation Function
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Lagged: Montly Temperature
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dur. 6. KpockopenauvoHHa yHKUMS 3a cpedHaTta MeceyHa TemnepaTypa
1 cymapHaTta meceyHa CibHYeBa eHeprus
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3akno4yeHue

WscnegsaHu ca pegoBeTe 3a Temnepartypata M CymapHaTa CrbyeBa €Heprus no AaHHu oT
MC Vantage Pro2 Plus nHctanmpaHa B parioHa Ha basosa ob6cepsatopusa npu UKAT, Ctapa 3aropa.
[aHHuTe obxBallaT nepuoga OT MHCTaANMpPaHETO Ha cTaHuudata npes toHn 2011 r. oo centemspu
2019 r. NocpeacTBOM NUHEEH perpecMoHeH aHanns3 e yctTaHoBeHa TsicHa kopenauums ¢ r = 0.90 mexay
Mece4yHuTe TemnepaTtypum U CcymMapHaTa MeceyHa CInbHYeBa eHeprusi. Ha cnepgpaiwumsi etan
nocpeacTBOM KpPOCKOpPENauMoOHEH aHanmM3 € TMoKa3aHo, 4Ye cpefHUTe MeCe4YyHu TemrnepaTypu
m3octaBat ¢ 1 wMecel cneg cymapHata crbHYeBa eHeprus. Hai-BeposiTHaTa npuuvMHa 3a
M30CTaBaHETO Ce sBSIBA MHEPTHOCTTA Ha MnoasiokHaTa MOBBLPXHOCT M HUckata atMmocdepa. ToBa
Cb3fgaBa MOTeHUManHa Bb3MOXHOCT 3a nogobpsiBaHe TOYHOCTTA Ha MNporHosata 3a cpegHarta
MeceyHa Temnepatypa 1 meceL npeaBapuUTENHO.

YctaHoBeHO €, ye 81 % oT BapuauuuTe Ha MeceyHaTa TemnepaTypa ce onpefenaTt oT
BNUAHMETO Ha CymMapHaTa MecedHa crnibHYeBa eHeprusa u camo 19% oT BapuauuuTHe ca pesynTart oT
BCUYKM OCTaHanu akTtopu, Bnvsiewn BbpXy (OPMUPaAHETO Ha TemnepaTypata Ha MpU3eMHUs
Bb3ayx. [1o TakbB HauvH, 6e nokasaHO CTaTUCTUYECKM, Ye peluaBallms daktop 3a hopMupaHe Ha
MeceyHaTa TemnepaTtypa Ha Npu3eMHUs Bb3OyX Ce ABsiBa CymapHaTa MeceyHa ChbHYeBa eHeprus, a
BCUYKM OCTaHanu paktopyn nmat BTOPOCTEMNEHHO 3HA4YEeHME 1 OOMbNBAT OCHOBHUS (haKkTop.
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Pe3rome: lpedcmaseHu ca pesysimamu om npoydYeaHusi Ha ekoroausima 8 CMOJISIHCKU peauoH ¢ yer
usrionizeaHemo uM 3a pexabunumauyus U npoghurakmuka Ha [cuxogu3uoI02u4HOMO CbCMOSIHUE Ha
asuayuoHeH u Kocmu4vecku nepcoHarn. [lokazaHa e 8b3MoxHocmma buoenekmpozpachusima da ce npusoxu 3a
uscredeaHe Ha €KO/lo2UYHUME pecypcu U 8/UsSSHUemMO UM 8bpXy Xu3HeHama OeliHocm Ha xopama. Ha
OCHO8ama Ha Ho8ocb30adeHu CeH30pu ca onpederieHu Mecma ¢ Hali-6ria2onpusimHo erusiHUe 8bpxy 30pasemo
Ha Joseka.

RESEARCH OF BIOENERGY ZONES IN THE RHODOPES
BY THE METHOD OF BIOELECTROGRAPHY
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Abstract: The results of ecological studies in the Smolyan region are presented in order to use them for
the rehabilitation and prevention of the psychophysiological status of aviation and space personnel. The
possibility of bioelectrography to be applied for the study of ecological resources and their influence on human life
activity is shown. On the basis of newly created sensors, the most favorable places on human health have been
identified.

BbBeneHue

M3cnepBaHuaTa BbpXy peKkpeaLMoHHM 30HW B CMONSIHCKUSI Kpaw, NpeAcTaBeHn B Tasu cTaTus,
MoraT Ja ce pasrnexgar KaTo JIOTMYHO MPOAbLIDKEHWE Ha W3CredBaHMATa Ha OKonHaTa cpeja U
BMNUAHNETO N BbPXY YoBeKa, npoBeaeHu oT Hac npe3 2016—2018 r. u nybnukyBaHn B MaTepuanuTe Ha
MeXXHapogHaTa Hay4Ha koHdepeHuuaTa "Kocmoc. Ekonorus. CurypHocT" npes cbwute rogunmn [1-4].

Llenta Ha npoydBaHusATa: M3CrneABaHe Ha YHUKANHUTE €KONOrMYHM pecypcu Ha Pogonute u
BNUSAHMETO Ha cpefaTa BbpXy XU3HeHaTa AEeNHOCT Ha xopara.

lMpoBegoxme mamepBaHust B criegHuTe mecta Ha CmonsHcka obnacT: rp. Yenenape (xoten
,Lokn”, mectHocTtTa CuMBKOBCKa peka, MecTHOCTTa fAH4yoBuua, napaknuca ,CB MwHa”); c. lena
(paskonkMTe Ha paHHOBM3aHTUICKa OGasunuvka, MINnuHoeHckuTe nonsiHu, xoTten ,[ena”, mecTtHocTTa
Ikurencka ObpumHa); rp. OeBuH (xoTencku komnnekc ,McmeHa”); napaknmc ,CB. Cnac” B M.
Bapagunna kpan CwmonsaH, napaknuc ,C. Cnac” B M. [leTtposuua, c. dartoso; M. [Nepenuk; rp.
Pynosewm; c. NonkosHuk CepadumoBo, CMoNsgHCKU e3sepa.

WacnepgBaHa Oelwe Bopata B cnegHute obektun: Yenenape (xoten LUoku”, mMecTHocTTa
CunBKoBCKa peka, MecTHOCTTa FAHYOBCKa peka, YelimaTa npu napaknuc ,Cs MuHa”); c. Nena (Boga ot
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YyelmMaTa B pasnuyHU CTam B XoTena, 4yewimMa B MecTHocTTa nuHaeHckn nonsiHu); CMonsiHCKK e3epa
(BuctpoTo esepo, yelima B xoTen ,Oak Residence” ); rp. [leBuH (xoTencku komnnekc ,MicmeHa”, Boga
oT usBop bepeHcku 6aHn); c. NMonkosHuk CepadumoBo (Buna” Katn”).

3a cpaBHeHune ekonoruata Ha CMOMSHCKM pervoH ¢ Apyrm mecta B bbnrapus 6sxa
nposefeHn nacneasaHusa B Codua n Camokos. B Codusa nsmepsaHmaTa 6sxa HanpaBeHn B rpaavHka
B komnnekc 1. ABopoB” — MACTOTO ce Hamupa Ha okorno 500 m ot bopucosaTa rpaguHa n makap ve
Hepaneye muHaBa Llapurpagcko woce ¢ ronsm aBTomobuneH Tpaduk, Cb3gaBall, 3aMmbpcsiBaHe Ha
Bb3yXxa, TOBa MACTO ce sABABa eauH oT Jobpute parioHn Ha Codusi No eKonormyHa YmcToTa.

baxa HanpaBeHu okono 7000 wmsmepBaHMdA. TakoBa KONMYECTBO Ce€ HamnoXu, TbW KaTo
3apermcTpypaxmMe MHOMO0 WHTEPECHW W HeOoOWYalHW SBMEHWS, KOETO W3WCKBalle HeegHOKpaTHa
npoBepka. B HacTosiLaTa cTatna e nokasaHa He3HauynTenHa YyacT OoT CbOpaHuTe JaHHW.

MeTogonorus Ha nscnegBaHusATa

MpoyyBaHusiTa 6sixa M3BLPLUEHN MO MeToAa rasopaspsaHa Busose B CALL, Nepmanus, Pycus,
WHaunsa, Knutaih n gp. N'PB npubopn 3a MOHMTOPUHI Ha OKONHaTa cpefa M 3a HEMHOTO Bb3OeNCTBUE
BbpXy 4oBeka ycrnewHo ca anpobupaHum ouwe npe3 2001-2018 r. B AHrnus, Pycusa, Bbnrapus,
ApxeHTuHa, BeHeuyena, Konymbusi, TMGeT u gpyru ctpaHu.

MpuHuMnbT Ha [PB 6uoenektporpadwmsata u ocobeHocTute B um3nonssBaHeTo Ha [PB
AvarHoctukata 6sxa onncaHm JocTaTbyHO NogpobHOo B Hawwu nybnvkaumm [1-4], o6cbxaaHm 6sxa B
paMKMTe Ha MexHapogHaTa HayvyHa koHdepeHumaTa "Kocmoc. Ekonorus. CurypHocT" u HaAma ga
6baat umTnpaHun TyK. C HAKOMNKO AYMU CbLUHOCTTA Ha TO3W MPUHLMN €: OLEHSBaT Ce napameTpute Ha
oKonHaTa cpeda MOCPeACTBOM CreuvarnHn ONTOENeKTPOHHW CEeH30pW, a BNUSHUETO Ha OKonHaTa
cpeda BbpXy YOBeka — Ype3 KOMMIOTbPEH aHanmM3 Ha M3obpaXeHueTo Ha MPbLCTUTE Ha pbueTe,
3acHeTo BbB BuUcokoyecToTHO norne (MPB-rpamu). Hawute nscnegsaHns ca OCHOBaHW Ha cnegHute
NPVHUUMK: @) OLEHsAABaHe MNapameTpuTe Ha OKoNHaTa cpefa 4ypes3 peructpupaHeTo um ¢ FPB-rpamu,
Mony4YeHn C OMTOENEKTPOHEH ceH3op; 6) oueHsiBaHe BNWSIHUETO Ha OKOJIHAaTa cpefa BbpXy 4YoBeka
ype3 peructpupaHe Ha [PB-rpamm Ha npbCcTMTE Ha pbkata M Ha Ta3n OCHOBA WU34YUCIISBaHe
napameTpuTe Ha xoMeocTa3aTa Ha opraHusma.

Han-nHcpopmaTtneHn napametpu Ha PB rpammnte 3a mn3cnegBaHe Ha okonHaTta cpefa ca
cnegHute nokasatenu [1-4, 5]: obwa nnow, Ha wu3obpaxeHneto (S); cpegHa HApPKOCT Ha
nsobpaxeHneto (lav); koepuumneHTn Ha opmarta (Kr), Ha dpakrtanHoctTa (Kr) 1 Ha eHTponuaTa
(Ken). 3a no-ronsmo yaobCTBO Npu aHanusa ce U3nonssa OnpocTeH TEPMUH BUoeHeprus Ha okonHaTta
cpena (Wemn) — obollaBall nokasaTen, KOMTO xapakTepusupa Bb3OeWCTBUMETO Ha BCUYKM (DakTopu
BbPXY YOBELLKMS opraHn3bm. B obwusa cnydam Wens = F(S, lav, K, Kir, Ken). KonikoTo Tol (nokasatensr)
€ MNo-B1COK, TONKOBa No-6naroTBOPHO € BNNSHMETO Ha OKofHaTa cpefa BbpXy YOBeKa.

CpaBHEHMETO HA BNUAHUETO HA €KONornsTa B PasnuyHu mecta Ha CMONSAHCKU PErMOH CbC
Codums (KK . ABopoB” ) — eTanoHeH (penepeH) oOeKT, ce OCblLUeCTBsABalle B MNETMEPHO
NPOCTPAHCTBO (S, lav, K, Kir, Ken) YUpe3 oueHsiBaHe OTKIMOHEHMETO Ha u3creaBaHus obekT oT penepHusi
(Mo pascTosiHMETO MeXay penepHaTa v uscnegsaHara Touka).

3a ocurypum OOCTOBEPHOCT Ha U3MepBaHMSATa, M3MNOM3BaxMe CTaTUCTUYMECKM KPUTEPUN Ha
CTiogbHT, KpuTepui Ha MaHH-YuTHW, kputepun Ha Bang-Bondoswuu, kputepun Ha Konmoropos-
CmMupHoB 1 gp.

AHanus Ha pesyntaTuTte oT U3criegBaHuATa

KakTo nokasaxa u3cnegBaHusiTa, Haw-ronsiMa CTOMHOCT Ha OuoeHepruaTa e oTKpuTa B M.
Mepenuk. 3a ynobcTBO Ha CpaBHeEHWETO BenuuMHaTa Ha GuoeHeprusaTa B ToBa MSCTO € npueTa 3a
egnHnua (100%). Cowo 3a yaobCTBO Ha CPaBHEHWETO Ha BCUYKWM AMarpaMu, CBbp3aHu C aHanu3a Ha
OvoeHeprusita Ha okonHaTa cpefa, ca npepcrtaBeHn mamepsaHust B Codumsa (KK ,IM. Asopos”). Ha
dwr. 1 ca NnpegcTaBeHN HAKOM pe3ynTaTtu OT u3cregBaHudaTa.

Kakto ce Bwkga oT guarpamata (dwmr. 1), GuoeHeprusaTa Ha OkorHaTa cpefa B Apyrute
uscnegBaHn Toukn e ¢ 13-22 % no-manko oTkonkoto B M. lNepenuk. 3a cpaBHeHne - B Codus
nokasaTtenat GuoeHeprnst Ha okonHata cpega e 57 % ot m. epenuk. MNpegusBukBa yaneBneHue
ronsiMOTO 3HayeHne Ha To3u nokasaten B rp. Pynosem (86 % oT m. NMepenuk). Bb3aMoxHo e ToBa aa e
CBbP3aHO C HanMuMeTo Ha Nore3Hu MU3KOoMaemu, B YacTHOCT PafMoOaKkTMBHU enemeHTu. [Npu ToBa B
Pynosem e HanpaBeHa camo efHa cepusi U3MEPBaHWs, KOETO € HeAOCTaTbyHO 3a OKOHYaTeneH
u3BoA. LlenecvobpasHo e B 6baelle Aa ce npoBeaaT no-mMawabHy npoyyBaHus B TO3W rpag.
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dur. 1. BroeHeprusa Ha okonHaTta cpefa B uscneasanHute Touku:l - Codus, 2 - m. MNepenuk,
3 - ¢. NonkoBHuk Cepadmmoso (Buna ,Katn”), 4 - c. l'ena (xoten «'ena»), 5 - Yenenape
(AHyoBcka peka), 6 - Pygosem, 7 - mectHocT CmonsiHckn e3epa (buctpoTo esepo)

3HayeHneTo Ha BuoeHeprusiTa Ha OkonHaTa cpefa B xoten ,['ena” e nokasaHo Ha rpadukaTa
cpegHo 3a xoTena kato usno. Cnoped w3MepBaHuATa B pasnuYHM  cTaW, JOPU  CbCEAHM,
BuoeHeprusTa ce otnmMyasa ¢ 5—7 % W CbOTBETHO Ce MPosiBABa NO Pa3fNMYeH Ha4yuMH BIIUAHMETO N
BbpXy YoBeka. Cnegsa cbLo Aa ce otbenexu, Ye B pectopaHTa e perncTpupaHo aHoMasiHO BUCOKO
3HayeHve Ha BuoeHeprusita. BbamoxHo e ToBa ga ce obycnass oT hakTa, Ye B HenocpeacTBeHa
©nnM30CT ce HamupaTt CUINHU eHEPrUAHM LIeHTpoBe. Bb3MOXHO € 1 apyro obscHeHne. C nomowTa Ha T.
Hap. NacuBHU PE30HATOPW, KAKTO € M3BECTHO, MOXE 3HaYMTENHO Aa Ce YCWUM Bb3OeNCTBMETO Ha
OKonHaTa cpefa. A enemMeHTV OT MHTepMopa B pecTopaHTa CUITHO NpunnyaTt Ha TakMBa yCTPOMWCTBA.
Bb3MOXHO € Npy CTPOUTENCTBOTO HEOCH3HATO A Ca BKIOYEHU TaKMBa pe3oHaToOpMW.

3a cbxaneHve obemMbT Ha cTaTvsaTa He MO3BONSABA [a Ce CNpPeM Ha BCUYKW M3CNeABaHus B
CwmonsiHckm pervioH. Lle ce cnpem camo Ha Haw-yHUKanHoOTO OT Halla rnegHa Tovka Mscto - c. [ena.

Kakto nokasaxa m3crnegBaHusaTta, B €. [ena uma MHOro Mecrta cbC curnHa buoeHeprus. bsxa
nuscnegBaHu: paskonky Ha paHHOBM3aHTUWCKaTa 6asnnuka, MecTHocTTa MnuHAEeHCKN NonsiHW, XoTen
.l ena”, Buna ,Opnoso rHe3no”. OcobeHo BHMMaHMe 0O0bpHaxMe Ha MecTHocTTa [kurencka 6bpyumHa,
KbOETO Ccrnopen paskasute Ha MecTHM xopa npe3 70-Te roavMHu ca OTKPUTU CKeneTu Ha xopa C
BucounHa 2.80-3 m. MiamepBaHusi HanpaBnxme Ha MACTOTO, KbAETO Ca HaMepeHu kocTute, (T. 1) u Ha
CTOTUHA MeTpa OT TaM, Kpaun nNbT4 (T. 2).

3a ypobcTBO BenuuuHata Ha OuoeHeprusita B c. [ena ce cpaBHsBa C BenuuMHata Ha
ouoeHeprustTa B M. lNMepenuk, cumtada 3a 100 % u c peructpupannte namepsaHus B Codmst (KK 1.
AsopoB”). llaHHUTe ca npeAcTaBeHu Ha ur. 2.
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our. 2. boeHeprua Ha okonHaTta cpefa B u3cnegsaHute Todkm B €. F'ena: 1 - Codus, 2 - m. MNepenuk,
3 - xoten «lena», 4 - M. InnHgeHckn nonsiHn, 5 - paskonku Ha paHHOBU3aHTUICKa 6asunuka,
6 - M. xurencka 6bpymnHa (1.1), 7 - M. Ipxurencka 6bpumHa (1. 2), 8 - Buna ,Opnoso rHe3ano’.

W3cnepBaHusiTa, npoBedeHu B ¢. ['ena, nokaseart, Yye OMoeHeprusita B pasfnMyHM MecTa Ha
CenoTo ce OTfiM4aBa CbC 3HA4YMTENHA HepaBHOMEpHOCT. Taka Hanpumep, B xoten ,[lena”
n3MepBaHuATa Nokasaxa, Ye B CTau Ha XxoTena, pa3nonoXeHn cbCegHo, buoeHepruaTa ce pasnmyasa
nNpMMepHO cbe 7 %, Npu KOeTo BruoeHeprnsitTa Ha NPOCTPaAHCTBOTO MO pPasfnMyeH Ha4YuH Bb34enNCcTBa Ha
Xoparta, Xuneeewmn B T4AX U NO pasfnind4eH Ha4ynH ce nosuwaBaTt agantTauMoOHHUTE UM Bb3MOXHOCTW. B
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HAKOW Ccrydau Moxe fda ce HabnwpaBa Bb30yOdeHO €MOUMOHAarHO CbCTOSHWE, BKIMIOYUTENHO A0
BescbHue, kKoeTo cbBnaga ¢ HabnaeHnsTa Ha cobCTBEHMKa Ha xoTena.

M3mepBaHuATa nokasaxa, Ye GuoeHepruaTa Ha okonHata cpefa B C. [ena M3KMYUTENHO
CUMHO 1 BNoroTBOPHO BNMsie Ha YoBeka. To3n akT ce NOTBbpXAaBa OT MECTHUTE XUTENU, KOUTO
TBbPAAT, Y€ B CENOTO MMa MecCTa, KOUTO 3a HAKOMKO MUHYTU OTCTpaHsBaT yMmopaTa u Hopmanusmpart
NCUXNYECKOTO CbCTOosIHUE. [Mo-noapobHO BNUAHMETO Ha OKOMHaTa cpefa BbpXy OpraHu3ama Ha YoBeka
€ NpefcTaBeHO Mo-HaTaTbK.

BbB Bpb3ka C SpKO M3paseHaTa HeedHOPOOHOCT Ha MposBsiBaHe Ha OuoeHeprvaTa Ha
OKOIMHOTO MPOCTPaHCTBO € Lenecbobpas3Ho Aa ce npoBedaTt Mo-O4eTarriiHO Npoy4vBaHWs B LSNOTO
€eno, KOeTo Liie MO3BOMM ONTMMAarHo Aa ce M3Mof3Ba CbLeCcTByBalMAT noteHuman. e nogyeptaem
olwle BedHBbX, Ye Aopu Ha OnmM3Ko pas3cTosiHMe e Bb3MOXHO MposiBABAHETO Ha OuoeHeprusita B
pasnuMyHu CTENEeHN, a OT TYK € BaXKHO Aa ce onpefendT Han-onTuManHute MecTta 3a pabota, oTAuX,
XpaHeHe Ha HamupaLllmTe ce B CbOTBETHUTE NOMELLEHNS Xopa.

MscnegBaHuATa nokasaxa, 4Ye B OTAENHW MOMELLEHUS MOXe 3Ha4MTernHo ga ce ycunu
©naroTBOpHOTO BNMsiHue Ha buoeHepruaTa. Hanpumep B pectopaHTa Ha xoten ,['ena” e dopmumpaHo
MHOFO CWUMHO GraronpusATHO Mone, BenvynHaTa Ha KoeTo € Cbu3Mepuma C ToBa Ha [xurenckara
ObpumHa B cenoto. PasnukaTta e ot nopsabka Ha 3 %. [a ce ycunu 6naroTBOpHOTO BRAMSIHUE Ha
OnoeHeprusita Ha ONpeaeneHo MACTO MOXE CbC CrneunarnHn KOHLEHTpaTopu (MacuMBHU reHepaTopu).
lMpegnonarame, 4Ye 3a HopManu3auuMsita Ha eHeprusta cnocobcTBaT CTapuHHUTE Obnrapcku
npeameTn U MKoHW. BbB Bceku cnyyanm TakbB edekT HabniogaBaxme cblo BbB Buna ,Katn” B C.
MonkoBHuk CepacdumoBo. To3n 1M3Bog NpaBvMM MO NpeABapuUTENHU M3cnefBaHusa U npeacraBnssat
rofnsiM Hay4YeH UHTEpeC 3a Npoy4yBaHe.

YHUKanHoCcTTa Ha MecTata CbC cneuudmyHa GuoeHepretuka B c. ['ena HM Hakapa no-
AeTannHo ga wm3yuyuMm nposBeHus ¢eHomeH. C TakaBa uen 06e w3cnegBaHO BIIMSIHUMETO Ha
E€HEePruMHUTE 30HU BBPXY MNCMXOMU3NONOTNYECKUTE CTPYKTYpU Ha 4YoBeka. WMacnegBaHudAta cwu
Oasmpaxme Ha u3BeCTHMA (QakT, Ye BCSKAKBM BbHLUHM Bb3OEWCTBMS BbPXY YOBEKa BOAAT A0
U3MeHeHnss B cBeTeHeTo, perucTtpupaHo B [PB-rpamute Ha npbcTute Ha pbuete. [MpomeHuTe B
reomeTpusita Ha cBeTeHeTo Ha [PB-rpamute morat ga ce 3abenexatr OOpM Ha OKO M ONUTEH
ncuxoduanonor Moxe Aa AuvarHoctvuvpa HapylleHuata B paboTata Ha opraHvTe unm gopu ga
paskpuve HayanHa nposiea Ha natonorusi. 3a Mo-TOYHa AMarHOCTMKa ca paspaboTeHu crneuunanHu
Tabnuum 3a oTKpyBaHe Ha OONecTHU CbCTosAHMA. Hal-4ecTo cpellaHnTe AMarHoCTMYHM Tabnuum ca
cb3gageHn ot npodp. . Mangen (Fepmanus) n npod. K. KopotkoB (Pycus). Obave Hamn-TouHa
AvarHoctMka Moxe pfa Obae nonydyeHa 4pe3 npoBexaaHe Ha MaTeMaTWyYeckM aHanus Ha
'PB- rpamurte.

OT4yMTankn orpaHMYeHOTO BpeMe 3a MpPOoBEXAaHe Ha ekcneamumsaTa, oueHsBaxMe BrVSHUETO
Ha OuWoHeprMsiTa Ha OKoNnHaTa cpefda BbpXy cregHuTe uanonormdHu CTpykTypu: pabotata Ha
MO3b4YHaTa kopa, B 4aCTHOCT paboTaTta Ha ASICHOTO NONYyKbBO Ha MO3bKa, KOETO KakTo € U3BECTHO,
OTroBapsi 3a WHTYUTMBHOTO MWCMNEHE, HEeroBOoTO pa3BuTMe, CcnocobcTBa npuemaHeTo Ha
HeTpaguLMOHHN peLleHunsl, 3acunea TBopyeckns noteHuman. OceeH ToBa oueHsiBaxme edekTMHocTTa
Ha CeTMBHWTE OpraHu (3peHue, cnyx, 0OOHsIHME) B ycrnoBusiTa Ha GuoeHeprvaTa Ha npoy4vBaHuUTe
mMecTa. Npu ToBa m3cneaBaxMe CblIO eheKTUBHOCTTa Ha paboTa Ha LWMTOBMAHATa Xnesa, YMuTo
XOPMOHU CBbLUECTBEHO BMMAAT HA BCUYKM CUCTEMM M opraHu. 3a Tasm uen BbB BCsAKa M3MepBaHa
To4YKa (PMKCUpaxme M3MEHeHUsATa B CTpykTypaTta Ha [PB-rpamuTe Ha naneua Ha naBaTa pbka.

Kakto nokasaxa HawwuTe npeguwHu wuscneaBaHus [1-4], MMeHHO TakbB MOAXOL [aBa
Bb3MOXHOCT [a Ce MpoBede [AMarHocTMka Ha MNCUXOMU3NONMOrMYHOTO CbCTOSIHAE Ha 4YOBeEKa.
MonyyeHute MPB-rpamun 6sxa aHanuavpaHu no metogmkata Ha npod. . MaHgen.

B Han-nHTepecHUTe MecTa CbC curnHa 6uoeHeprus (c. Mena) Nnpoeexgaxme NbreH aHanma Ha
BCUYKN PYHKLMOHAMHM CUCTEMUN HA YOBEKA M OCHOBHUTE OpraHu.

BnusHueto Ha dpakTopute Ha okomHata cpefda BbpxXy NCUXOU3MONMOTMYHUTE CTPYKTYPU Ha
yoBeka MnpoBexgaxme Bbpxy gobposonuu (Mbxe M xeHn Ha Bb3pact 50-70 r.). Kato npumep Ha
dwur. 3 e NpeacTaBeHO CBETEHETO Ha Marneua Ha fisiBa pbka BbB BUCOKOYECTOTHO €MeKTPOMarHUTHO
none (FPB-rpama).

MonoXutenHoTo BnMsiHAE Ha OWOeHeprusTa Ha CenoTo SICHO ce 3abensaAsBa gopu Oe3
MaTemaTudecka obpaboTka. Hanpumep Ha cdur. 3 e npeacrtaBeHa [PB-rpama Ha naneua Ha nsiBa
pbka Ha MbX, 70 1., B Cocpua (XKK M. ABopos”) u B ceno Nena (M. UnnHaeHCku nonsiHm).

[opu ¢ NnpocTo OKO Ce BMXAa, Ye UHTEH3MBHOCTTA Ha CBETeHe ce e yBenuuuno B c. ena,
KaTo CBETEHETO CTaBa U MO-paBHOMEPHO. ToBa roBopu 3a CUIHO MOJIOXKUTENHO Bb3AENCTBME BLPXY
opraHuama. B 4acTHOCT MOXe fa ce oTOenexu 3Ha4YMTenHoTo nofgodbpsieaHe paboTata Ha CETUBHUTE
opraHu (04w, ywmn, HOC) 1 LUUTOBMAHATA Xresa.
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a) 6)
dur. 3. I'PB rpama Ha naneua Ha nsaBsa pbka: B Cocus - (a)
n B ceno lena (M. InuHaeHckn nonsiHy, 1.2) - (6)

Cnopea knacudmkaumaTa Ha npod. Mangen gonHarta nsiea vact Ha PB rpamarta nokassa
HapyweHue B paboTaTta Ha CeTMBHUTE OpraHu 1 WutoBMaHaTa xnesa (dur. 3a). Ha cblymsa cektop B
c. [ena (cour. 36) ce Bmxaa, Ye paboTaTa Ha OpraHUTe 3HaA4YMTENHO ce e nogobpuna — CBETEHETO €
paBHOMEPHO M No-curnHo. FopHaTta yacT Ha PB-rpamarta xapaktepuaupa paboTtata Ha Mo3byHaTa
Kopa. Npu cpaBHeHne Ha PB-rpamute Ha cur. 3 ce Buxaa, Ye ceeteHeTo Ha PB rpamaTa B C. ena
CTaBa Mo-CUJTHO U paBHOMEPHO, KOETO FOBOPU, Y€ MO3bYHWUTE CTPYKTYpU 3anoysaT ga paboTtaT B no-
OnaronpusateH pexum. MatemaTnyeckata obpaboTka cBuaeTencrBa 3a 3HauMTenHo nogobpeHue B
pabotata Ha OCHOBHMTE (PYHKUMOHANHN CUCTEMW Ha YOBELIKOTO TAMO, Hanpumep, MO3b4YHUTE
CTPYKTYpU MO-MHTEH3MBHO M Ka4yecTBEHO 3anoyBaT ga obpaboTeaTt nornyyaBaHata MHopMauus.
YBenunyeHneto € 9.6 % .

A cera Han-nGOMUTHOTO: Te3W M3MEHeHMs peructpupaxme 2-3 MUWH. criej uMaBaHeTo B
aKkTMBHa TOYKa C BMCOKO M3nbyBaHe Ha BuoeHeprusa (M. nuHgeHckn nonsHu). C egHa gyma ToBa
CbBraga C M3Ka3BaHeTo Ha XUTenu Ha CenoTo, Ye 3a MUHYTM Ha ToBa MSACTO Ce npemMaxBa ymopara u
ce nogobpsiBa HACTPOEHNETO.

B 3akmyeHne HSAKONMKO OyMuM 3a BRAMSHMETO Ha OKonmHata cpeda B Pogonute Bbpxy
ajanTauuoHHUTE PEecypcu Ha YoBeka.

EHepruiiHmTe 30HW, KOUTO Bsixa uscnenBaHn, NOKa3BaT MAKCMMAITHO MOJIOXKUTENTHO BIUAHME
Ha OKoNHaTa cpefa, B YacTHOCT Ce MOBMLIABa HMBOTO Ha ajanTauuoHHUTe pecypcu. Toea Gelse
peructpupaHo ocobeHo kaTeropudyHo B M. [lepenuk. Ha dwur. 4 ca npegcrtaBeHu [JaHHM 3a
NnoBULLABaHETO Ha ajanTalMoHHMTE Pecypcyu Ha 4YoBeka B m3crnedBaHuTe Touku. 3a ygobcTBO Ha
CpaBHEHMETO MOoBULLIABaHETO Ha aganTauMoHHUTe pecypcu Ha lNMepenuk e npueto 3a 100 %.
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Al anTaL oHHI PECYPCH Ha YOBEKa, YCN e,

dur. 4. AganTauuoHHNTE pecypcu Ha YoBeka B uscneaBaHute Todku:1l - Codms, 2 - m. MNepenuk,
3 - rp. Pynosem, 4 - c. Fena (M. [xurencka 6bpuynHa, T.2) , 5 - ¢. MNonkoeHuk CepadmmoBo
(Buna ,Katun”), 6 - CmonsiHcku e3epa (buctpoTo e3epo). 7 - Yenenape ( M. AH4YOBCKa peka)

Kakto ce Bwxaa Ha guarpamata (dwur. 4), bruoeHeprusita BbB BCUYKM M3creBaHN MecTa Ha
npbB nornes GraronpuATHO Bb3OEWCTBA BLPXY MCUXOMU3MONOTMYHUTE MNapaMeTpu Ha YoBeka.
MpnunHUTE 3a HanNUMYMETO Ha SICHO M3pa3eHa HepaBHOMEPHOCT Ha buoeHeprusita B M3creaBaHuTe
panoHN M3UCKBa OOMbMAHUTENHM Npoy4vBaHud. [Mo-geTannHo npoyyBaHe ycnsxme Aa Hanpasum B
c. [ena, KbaeTo Mmalle curHa XeTeporeHHOCT Ha buoeHeprusTa. Tam 6sixa NpoBeaeHN N3MepBaHUs
3a edreKTa OT eHeprumHuTe 30HU BbPXY afanTUBHUTE YOBELLKN pecypcu. [laHHUTe OoT uacneaBaHuaTa
ca npegcraseHu Ha cwur. 5.
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AnanmauoHHN pecypcK Ha YoBeka, ycn.eq.

dur. 5. AganTaumoHHM pecypcu Ha YoBeka B uacrnegBaHuTe Touku B ¢. [ena:l - Codus, 2- paskonku
Ha paHHOBM3aHTUicka 6asunuka, 3 - M. [kurencka 6bpymnHa (1.1), 4 - M. [kurencka 6bpumHa (T. 2),
5 - M. InuHgeHckn nonsaHun, 6 - xoten «lena» (pectopaHT), 7 - xoten “lena” (ctas. 9), 8 - xoten «[ena»
(ctas. 10), 9 - Buna ,Opnoso rHe3go”

Kakto moxelle ga ce o4aksa, 6sxa OTKPUTU 30HM, KOUTO yBENMYaBaT YOBELLKUTE PECcypcu 3a
apantauus. ToBa e mecTHocTTa [kurencka 6bpymHa (T. 2) n xoten “ena” (pectopaHT). NHTEpecHo
€, Ye KaKTo MokaseaT u3cnedBaHWsiTa HW, HA HSAKOM MecTa XapakTepbT Ha Bb3OEWCTBUETO BLPXY
YoBEKa 3aBMCW OT BPEMEeTO Ha NpecTos My Ha ToBa MSACTO. T.e. KpaTbK Mpecton Aencrsa
NOMOXWTENHO Ha YOBEKa, YyBeNnWyaBaMKM HEroBus MNCUXOMM3NOMNOrMdyeH noTteHuman, a AbhAruar
NpecTon HamansBa MCUXOMUONOrMYHUTE MYy Bb3MOXHOCTM, HamansBawku HEroBusi apanTuBeH
noTeHuman.

3akntoyeHune

lMpoyyBaHMsiTa BbpPXY €KONormaTa Ha pekpeaumoHHU 30HM B CMOMSIHCKMSA Kpaw nokasaBsarT, ye
MSCTOTO Mpeanara YHUKanHm Bb3MOXHOCTU 3a pexabunutaums Ha ncuxo-pmsmyeckoTo CbCTOSHME.
PanoHbT e M3KNIYMTENHO NOAXOAsAL, 3@ Bb3CTaHOBSABAHE Ha MCUXOCOMAaTMYHOTO CbCTOSIHME Ha XOpa,
3aeTN B KPUTUYHM NPOU3BOACTBA, U3NCKBALLM OT TsX CTabunHa ncuxuka (aBmaumsi, KOCMOHaBTUKA,
onepatopu B AEL| 1 T.H.). Il3non3BaHeTo Ha npupoaHuTe akTopu 3a Bb3CTaHOBSABaHe Ha 3[4paBeTo
O poBerno [o ocesatenHo nopobpsiBaHe pabotocnocobHocTTa WM yBenuMyaBaHe TBOPYECKUS
noteHuman. Toea cbLLO € 0COBEHO MHTEPECHO 3a Bb3PacTHM XOpa M xopa C Hefobpo 30paBOCIOBHO
CbCTOSHME, Tb KaTo MOXE [a MMa MPUHOC 3a MOBULIABAHE Ha UMYHUTETA MM, 3a NPOTMBOAENCTBUE
Ha nosiBaTa Ha cepuo3Hu 3abonsiBaHus.

BNArOgAPHOCTU

M3kassame abnboka 6rnarogapHocT Ha kmeTa rp. Yenenape r-xa Cnaska YakbpoBa, kKMeTa Ha
rp. OesuH r-H Kpacumup [ackanos, kmeTa Ha LWupoka Jlbka r-H Bacun CegsaHkoB, npeacenatens Ha
®oHAa 3a passuTue Ha [ena r-H MNeTbo HWkonoB 3a CbAENCTBMETO NPU NPOBEXOAHETO HA Hay4YHUTe
nscnegsaHus. OcobeHo nckame ga otbenexum r-xa Hagexaa Meoprmesa. Mi3kasBame M nckpeHata
cu 6narogapHOCT 3a yHWKanHaTa noMoLL Npy NpoBeXAaHeTo Ha u3crneasaHus.
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leopru bBenes, [lecucnasa KoctoBa, AHTOoaHeTa ®paHuoBa
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Knroyosu dyMU.' Kriiumam, ripomMeHu, obesnecsisaHe

Pe3rome: Hacmoswusm Ooknad npedcmass u3cnedsaHe Ha 6asama Ha aHanu3 Ha OaHHU om
camenumHu u3obpaxeHusi U OucmaHUUOHHO OewugbpupaHe, npouyeca Ha obesnecsisaHe Ha CmpaHOXa.
U3nonseaHu ca daHHU om crbmMHUKoga cucmema “Sentinel”, kossmo npedocmass u3obpaxeHusi ¢ MakcuMarsHa
pasdennumersniHa criocobHocm 3a onpedeneH nepuod om epeme. U3credsaHemo pasenexda 0e8e MpUYUHHO-
criedcmeeHu 8pb3ku: [pupodHU - pedynmam om enobanHume kosnebaHusi Ha Knumama (ysenuyagaHe Ha
cpedHUMe memnepamypu U akmusu3auyusi Ha MemeoposiocudHUmMe npouecu - 6ypu, HasoOHeHUsI, 3acylwasaHe);
AHMpPOnozeHHU - pe3ynmam om 6e3KOHMPOSIHO, HO 3aKOHOCLOBPAa3HO U3CUYaHe Ha 20/leMu Macusu Om 20PCKU
nnowu. B 3aknoyeHue ca npedcmaseHu riocnedcmeusima om obesrniecsisaHemo - 3a2yba Ha 20pCKU MowU,
e/fiowasaHe ycmou4ueomo pa3zsumue Ha buocucmemume, eposusi, eeHepupaHe Ha 800HU fpobremu,
HapywasaHe Ha mexHuU4Yeckama u coyuarnHa uHgpacmpykmypa.

ECOLOGICAL PROBLEMS IN THE STRANDZHA FOREST FUND
EXPRESSED THROUGH DATA ANALYSIS FROM SATELLITE IMAGES

Georgi Belev, Desislava Kostova, Antoaneta Frantzova

Climate, Atmosphere and Water Research Institute — Bulgarian Academy of Sciences
e-mail: zbelev@abv.bg, kostova_dessislava@yahoo.com, antoaneta-bas@mail.bg

Keywords: climate, changes, deforestation

Abstract: The current report presents a research of the base of data analysis from satellite images and
remote decryption the process of Strandzha deforestation. Data has been used from satellite system “Sentinel”,
which provides images with maximal resolution for a few years period. The research sees over two casually
investigative connections: Natural — a result from the global climate fluctuations (increase of average temperatures
and meteorological activation — storms, floods and drought); Anthropogenesis — a result from uncontrolled, but
lawful logging of large arrays of forest areas. In the conclusion the consequences of deforestation are presented —
loss of forest areas, degradation of the sustainable development of the biosystems, erosion, generating of water
problems and disruption of the technical and social infrastructure.

BtBeneHue

MpobnembT 3a TpalHaTa 3aryba Ha ropu B pesynTaT Ha NpoMsiHa B NpegHasHa4YeHNeTo UM
3acsra Bce no-ronisiMa 4yact ot 6mocdeparta. 3arybara Ha ropcka TEpUTOPUS U LSINOCTHOTO BrioLLaBaHe
Ha CbCTOSIHMETO Ha ropute B napanen cbc 3arybata Ha MecTooOMTaBaHETO Ha rOpPCcKMTe BUOOBE U
nocrnenBalLoTo MM M34e3BaHe OT AaEeH PalioH B rofnisiMa CTeNeH Npean3BMKBaT OCHOBaTENHa TpeBora
cpen obLecTBEHM, NPMPOAO3ALLUTHA U COLManHN CTPYKTYpU cpef HaceneHneTo B cBeTa. Cpef Hau-
TPEBOXHUTE NocneacTBusi oT obeanecsaBaHeTo TpsibBa Aa ce 406aBAT U YBENUYEHUSAT PUCK OT epo3us,
NMPOMEHUTE B KONIMYECTBOTO N Ka4eCTBOTO Ha BOAMTE U OT TYK MOXe [ja ce U3Beae 3annaxaTa ot 3aryou
B CBETOBHaTa MKOHOMMKA.

KaTo rmaBHa npuymHa 3a 06e3necsaBaHeTO HayYHUAT CBAT ONpeaenn KnMMaTUYHUTE NPOMEHM.
CnepBa pna ce oTbenexwu, 4Ye ToBa OMpeferneHMe e CrMopHO C orfned Ha dhakta, Ye cpepaTa Ha
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KNnuMaTU4HMTE npouecu - aTMocdepaTa U No-TOYHO TporocdepaTa € Hal-akTuBHaTa B NPUPOAHO
OTHOLLIEHME cpefa Ha nNnaHeTaTa. Ha npaktuka KNnMmaTbT € B CbCTOsIHUE Ha NepMaHeHTHU MPOMEHMU -
TOM HMKOra He e 6un NOCTOSIHEH B reornoXkaTta nctopusi Ha 3emdarta. B Tasn Bpb3ka HMEe Npeanarame
3aMsHa Ha NOHATUETO ,KMMMATUYHN NPOMeHNn® ¢ ,rmobanHu konebaHusa Ha knumarta“. Hesasucumo ot
TOBa, KNUMaTU4HUTE KorebaHusa oT nepuoga Ha KnMMaTuyHUs ontuMmym ot X—XIV B. Hacam, HamupaT
n3sBa ypes yBennyaBaHe Ha CpedHuUTe rogulliHn TemnepaTypu, TOMEHeTO Ha ronemMu negeHn Macu B
npunonsipHuTe obracTtu, yBenvyaBaHe cunaTa Ha CTUXMWHWUTE MPOLECU - yparaHu C YHULLOXUTENHa
cuna Ha BATbpa, Barnexu Cc NOPOeH XapakTep 1 HaBOAHEHUA C KaTacTpodanHu nocrneauumn cnegea ga
ce 6yaum Bce no-ronsima Tpeeora ocobeHo cpe NpaBMTENCTBEHNTE KpbroBe OT 06LLIEeCTBOTO.

Cpep HeratuBHuTE NMpoLecyu KaTo HAaBOAHEHWs,, MAPHUKOBW ra3oBe, KUCESNMHHWU ObXO0BE U
Opyrv cpef knumatuyHuTe konebaHus Ge3cnopHO e M obe3necsBaHeTo - ropuTe HecnydanHo ca
HapeueHun 6ennte opoboBe Ha NNaHeTaTa KaTo OCHOBEH M3TOYHUK HA KUCNOPOA B aTMocdepaTta Hapea
C OKCUreHHUTe npouecu B okeaHa. ObeanecsaBaHETO - eAnNH TparkHO HEraTMBEH NPOLEC 1 NPUYNHUTE 3a
Hero: NPUPOAHU NN aHTPOMOreHHN € NPobneMbT pasrnexaaH B HacToswms goknag. O6ekT n npeamer
Ha HaACTOALLOTO M3crneABaHe e npouecbT Ha obesnecsdABaHe B rOPCKUTE TEpPUTOPUM Ha MnaHuHa
CtpaHgxa (KOroustouHa Bwnrapusd) (cour. 1). Llenta e Ha 6a3ata Ha u3nonssBaHe AWCTAHLUMOHHU
MEeTOoaM M aHanus3 Ha JaHHW OT CMbTHMKOBaTa cuctema "Sentinel* oa ce uscnegsa npoueca Ha 3aryba
Ha ropckn TepuTopuM B €4WMH YHUKaneH B NpUpoaHO-reorpacko uM coumanHo-MKOHOMUYECKO
OTHOLWleHMe pervoH oT bbnrapus. Vctopudeckute Oenexku codaTt ekcnnoaTaumsTa Ha ropute B
NMbpBUTE BEKOBE HA HOBOTO NIETOOPOEHE, CBBbP3aHO C MeTanypruyHa 4eNHOCT, CBUAETENCTBO 3a KOETO
ca OrpoMHUTE MeTanypruyHum oTnagbuy B pavioHa Ha Pe3oBo u Manko TbpHoBo. Crnep XVI B.
Xene3onobmebT B CTpaHaxa e OMn OCHOBHUMAT M3TOYHUK 3a To3n MeTan B OcMaHckata umnepust u
CBbp3aH C orpoMeH JobuB Ha AbpBeHM Bbrmuwa oT pavioHa Manko TbpHoBo, CnuBaposo, Pe3oBo,
Manbk CamokoB (B AHewHa Typumus). 3a nocTuraHe Ha noctaBeHaTa Len ce U3NbhHABaT cregHute
3agaun: gelwmndpupaHe Ha gaHHUTe oT “Sentinel”, kapTorpadupaHe Ha n3dpaHu 06e3neceHu, KakTo n
noasioKeHN Ha puck oT obesnecsBaHe TEPUTOPMU, aHaNM3 Ha KapTorpadCkM U KMMMaTUYHU OaHHU
(cour. 2 n 3).
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dur. 2 a, 6: RGB nsbpaxenue (DMC, 32 m. 2008 r.)
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®ur. 3 a (NDVI), 6: RGB nsobpaxeHue (Sentinel 2 — 2019 r.)

FopuTte ca 3acTpalueHn oT obeanecsiBaHe un gerpagauus. MpubnusmtenHo 20 % ot emmucumTe
Ha BbrnepoaeH avokcug (CO2) B cBeToBeH Mawab morat ga 6baaTt npunucaHy Ha obe3necsaBaHeTo
(IPCC, 2007) — noBe4e oT obuioTo KonuyectBo emmucum ( ~5,8 Gt ) Ha napHukoBu razose Ha EC.
CnepoBarernHo orpaHM4yaBaHeTo Ha eM1cumTe BeneacTeme Ha obesnecaBaHe 6w 6uno ocobeHo BaxHO,
3a ga 6baart nocTUrHaT HalMTe Lienun 3a orpaHnu4aBaHe Ha rmobanHoTo 3atonnsiHe o 2 °C no Liensun.
To npeacTaBnsBa CbLLO MKOHOMUYECKN Lienecbobpa3eH HaumH 3a bopba ¢ konebaHuATa Ha KnMMarTa.

Obe3necsABaHeTO € CBbP3aHO C nopeauvua OT OoTpuuaTenHM €KOMOrMYHU, UKOHOMWYECKU U
coumanHy Bb34encTBus, NO-KOHKPETHO BbPXY Knnumarta, buonornyHoTo pasHoobpasme.

Cpepn Apyrv Bb34encTBMs BbPXY KnMmMaTa nonagat npoOMeEHUTE B KONMYECTBOTO EHEPTUSE, KOSTO
ce oTpassiBa OT 3eMHaTa MOBbPXHOCT, KAKTO U CNOXHOTO B3aVMOAENCTBME HA rOpUTE C XMMUYHUSA U
XMOPONOXKMSA CbCTaB Ha aTMocdepaTa. To npemaxBa 3awmraTa, KOSTO NPefoCTaBAT eCTeCcTBeHuTe
ropu cpewly 6ypu, HABOOHEHUSA U EKCTPEMHU KonebaHnsa B MECTHUTE METEOPOSOMMYHN yCcrnoBus. Tbi
KkaTo obesnecsiBaHeTo e rnobaneH npobnem, KOWTO M3nckBa rnobanHo pelleHue, a uenta e 6vaar
ctabunusmpann emucunte CO2 0O NpUeMNUBM paBHWLWA M Oa ObAe CrOXeH Kpawl Ha 3arybata Ha
OronornyHoTo pasHoobpasve, MexayHapoaHUTE NPErOBOPM MO BBMPOCUTE Ha KNMMaTta NpesocTaBsaT
€[MHCTBEHa Mo pofa CM Bb3MOXHOCT 3a crnpaBsiHe ¢ obesnecsaBaHeTo.

Mpegnara ce gBycTpaHeH NOAXOA:

e V3rpaxgaHe Ha HOB (PMHAHCOB UHCTPYMEHT — [nobaneH MexaHn3bM OTHOCHO Bbriepoaa B

ropure;
o [lpoBexaaHe He Ha ONWT 3a BKIMOYBAHE Ha 0be3necsiBaHETO B TbproBusTa C eMUCUN Ha
BBLIMEPOAEH ANoKcua,.

MeToauka Ha uscnegBaHeTo

TeopeTnyHaTa OCHOBa Ha "eMnupuyHO ©OasvpaHuTe" WHOEKCU 3a CbCTOSHMETO Ha
pacTuTenHarta nokpveka ca U3BefeHU OT M3crneaBaHMsaTa Ha CrNekTpariHoTO OTpaXeHne Ha nucTHaTa
NMOBBPXHOCT Ha pacteHuaTa. OTpaseHata pagvaums BbB BUAMMUS OMana3oH Ha €neKTPoOMarHUTHUS
CMEeKTbp € MHOIo Marika, BCrneAcTBME Ha CUITHOTO MOMbLLAaHe Ha paguaunsita oT MUrMEHTUTE CBbP3aHu
C npoueca Ha OTOCMHTE3a C MakcumarHa ObiDKMHA Ha BbiHaTa B obnactra Ha cuHsTa (0,47 pm) u
yepBeHaTa (0,67 um) obnact Ha enekTpomarHMTHUA cnekTbp. MoYTK usnaTta paguaums ot 6rmskaTa
UHdpayepBeHa 06nacT Ha crnekTbpa ce oTpas3siBa U pasceriBa, KaTo MOrMbLAHETO HA pagvauusita B
Tas3n obnacT € MMHMMAarHO M 3aBUCK OT CTPYKTYPHUTE CBOMCTBA Ha pactuTenHocTtTa (Mmopdonorus, LAI
uHgekc u 1. H.) (Tabnuua 1). B pesynTtat Ha ToBa pas3nukaTa Mexay pagvauusita B YepBeHaTa U
UH(payepBeHaTa obnacT Ha eneKTPOMarHUTHUS CMeKTbpP CEe M3NOoN3Ba 3a OLeHKa CbCTOSHUMETO Ha
pacTUTeNnHOCTTa KaTo MakCcMmarneH KOHTpacT Mexay yYepBeHa u 6nv3ka uHdpadepBeHa obnact Ha
CMeKTbpa ce nofyyaBa Mpu NITbTHA pacTUTENHa NOKPUBKA KaTo MMHMMAaIeH KOHTpacT ce Habnogasa
B 06nacTu ¢ MHOro psiika pacTUTENHOCT unu B obracty 6e3 TakaBa. ONTMYHMUTE CBOMCTBA Ha nucTarta
Ca MOEHTWYHW, He3aBMCMMO OT BWAa Ha pacTUTerHocTTa. 3erneHuTe 34paBu NMCTa UmaTt TUMNYHU
CMeKTpanHu XxapakTepuCTUKW, KOWTO Ce pasnuyaBaT B 3aBUCMMOCT OT TPUTE OCHOBHM OMTUYHU
cnektTpanHu obnactu. Bbnpekn 4e pacTutenHocTTa MO MNPUHUMM MpUTEXaBa BWCOKUM HUBa Ha
OoTpaxeHune B 6rM3kMa MHpadepBeEH Ananas3oH Te MoraT 3Ha4YUTENHO Aa ce pa3nuyaBaT 3a OTAENHUTe
BWUAOBE, KaTo NPV €4HM U CbLUX YCNOBUS OTpakaTenHaTta CroCOOHOCT Ha pacTUTENHOCTTa MOXe Aa
Bapvpa B 3aBMCUMOCT OT MOBBLPXHOCTTA Ha fUCTHATa Maca, TAXHOTO CbCTOSIHME U BOOHOTO
CbAbpXaHue
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Tabnuua 1

CnekTtpaneH ObmknHa Ha XapaktepucTuka
AnanasoH BbIiHaTa
CuvH 0,35-0,5um CuvrnHo nornbLyaHe oT NUrMEHTUTE XNopodun N KapoTUH
3eneH 0,5-0,6 pum Huckn HMBa Ha nornbliaHe Ha pagvauus
YepseH 0,6-0,7 pm CuvnHo normbLaHe oT nurMeHTa xnopodun
YepseH 0,7-0,74 pm Mpexon Mexay CUMNHO NOrMbLUAHE U CUNHO OTpaxeHue
bnuaka 0,7-1,3 um Bucoku HMBa Ha oTpaxeHue
MHpavepBeHa
CpegHa 1,3-2,5 pm MornblaHe Ha paguaumsita OT BoAa, Lienynosa u NurHuH
WHpadepBeHa

OTpaxeHneTo OT pacTuTenHaTa NoKpMBKa MoXe Aa Obae M3MepeHo B TpM OCHOBHM obnactu
Ha EM cnektbp :

1. Bugmma obnact (400—700 nm) — HUCKO OTpa)keHue, BUCOKO MOrfbluaHe, N MUHMMAIHO

nponyckaHe.

2. NIR (700-1350 nm) — BUCOKO OTpaXeHWe 1 NponyckaHe, MHOrO HNUCKO MOrMbLiaHe.

3.MIR (1350-2500 nm) — gb/KkMHaTa Ha BbiiHaTa, OTPaXXeHNETO 1 NPOnyckaHeTo HamansisaT

OT CPeaHO KbM HUCKO, OKaTO MOMMbLUAHETO Ce yBenmyaBa OT HUCKO KbM BUCOKO.
EnektpomarHutHaTa pagvauus, nsamepBaHa oT CEH30pUTE 3a OUCTAHLUMOHHW U3CneaBaHus, e cyma oT
ChbHYeBaTa pagvauus, oTpaseHa M u3nbyeHa OT 3emMHaTa NMOBBbPXHOCT U paguauusTa, pascesiHa oT
atmoccepata Mexay obekta m ceH3opa. OCHOBHMUTE 3aKOHW 3a W3MbYBAHETO, W3MON3BaHW B
ANCTaHUMOHHMTE uscnenBanus Ha 3emsita ot Kocmoca (3akoH Ha lNMnaHk 3a nanbyBaHe Ha abCcontoTHO
yepHo TAno; 3akoH Ha CrtedaH-BonumaH; 3akoH Ha BuH; 3akoH Ha Kupxod) Hama pga Obaar
pasrnexgaHu TyK, Tbi KaTo 3a HabnogeHne Ha pacTUTENHOCTTa CbC caTENUTHU METOAM U CpeacTBa
Ce 13Mnona3ea oTpas3eHaTa, a He usnbyeHaTa OT 3eMHaTa NOBbLPXHOCT paguauusi.

EnekTpomarHutHaTa paguaums, namepBaHa OT CeH30puTe 3a AUCTaHUMOHHW U3CcneaBaHuns, e
cyma oT:

- CnbHYeBaTa paguauusi, oTpa3eHa oT 3eMHaTa NOBBbPXHOCT U AadeH obekT;

- CnbHYyeBaTa paguauus, oTpaseHa OT 3eMHaTa MOBbPXHOCT uUnu gageH obekT n creq ToBa

pa3scesiHa OT aTtmocdeparta;
- CnbHYeBaTa pagmaums, pascesiHa oT atMocdepaTa mexay obekta u ceHsopa.

Pe3yntaTtu ot aHanusa

Cnopen HWMX ,lMpe3 nocnegHuTe [eceTuneTvus cpedHUTe TOAWLWIHW  TemnepaTtypu
NPOrpecunBHO ce noBuwiaeaT. Te ca Han-Bucoku npes 1994 r. - ¢ 1-2°C Hag HopmuTe, KaTo npe3 1999
n 2000 r. ¢ no-sucoku ¢ 0.5-1.5°C. Makcumanuute Temnepatypu npes tonn 2000 r. ca pekopaHu —
40-45°C, ¢ 2—4°C Hag knMMaTu4HuTe HopmMu. MuHMManHuTe TemnepaTypu NOCTOSAHHO Ca HaAHOPMEHM,
¢ npesuwenns go 22°C. 2002 r. octaBa TpeTaTta Han-Tonmna roguHa npes nocnegHuTe roguMHu, KaTo
Hawv-Tonna e 6una 1994 r., cnegsa 2000 r. 2004 r. e no-tonna ot 2003 r., HO NO-XNagHa B CpaBHEHUe
¢ nbpBute ase roguHu (2001 n 2002 r.) Ha HoBoTO cToneTue. Npe3 2000 r. BanexuTe B NOBEYETO
paioHu ca mexay 250 n 400 mm, T.e. mexay 40 n 70 Ha cTO OT HOpMaTa U e Hal-cyxaTa roguHa 3a
20 Bek. CaMmo B OTAEeNHM MNNaHWHCKM panoHu Ha MecTa B CeBepomsToyHa Bbnrapusa cywarta He
pekopgHa. Mo gaHHu Ha HUMX npe3s tonn 2010 r. KonM4ecTBOTO Ha BaneXnTe € € OKoso 2—3 NbTU Hag
HopMaTa, kKaTo gaHHuTe codart, 4e 2010 roguHa e Hawn-tonnata ot 130 rogmHu Hacam”. Cnopepg
06paboTeHNTe faHHW, NOKa3aHW Ha ropHUTe burypu, MMHUManHu ctonHoctn Ha NDVI (BereTaunoHeH
MHAOeKC) ce Habmogaeat npe3 1994, 2000 1 2007 roguHa 3a panoHa Ha CTpaHgpka, OT KbOeTo cneasa
Yye 3a TO3M Mepuoad Ha roguHata ce HabniogaBaT nNpoLEecUu Ha cylla M CUMHO 3acyllaBaHe.
Makcumannute ctonHocTn Ha NDVI ce HabntogaBat 3a pasrnexgaHaTa Teputopusi, KOeTo € JIOrMYHO,
OT rnegHa Touyka Ha ToBa, Ye u3bpaHusl parioH € B ropucta MecTHOCT. KakTo e BMOHO, Te3n AaHHM
cbBnagart HanbfHO ¢ gaHHUTe Ha HWUMX 3a TemnepaTypH/ aHOManmm 1 KONM4eCcTBO Barnexm

Mmaikn npeasua nonyydeHute pesyntaTtu, Kakto u gaHHute ot HAMX, moxem ga Hanpaswu
n3Boaa, Ye gaHHuTe ot 1994, 2000 n 2007 moraT Aa ce M3rnon3BaT KaTo KannmbpoBbYHM AaHHU U AONeH
npar Nnpu uscnegBaHe Ha NpouecuTe Ha cywa u 3acywasaHe. Heobxogumo e ga o6bpHeEM BHMMaHue
Ha cTtonHocTuTe 3a 2010 rogunHa, 3a KOUTO, MO U3MEPEHN AaHHU, KONMYECTBOTO Ha BaneXnTe € ¢ OKoNo
2-3 NbTU Hag HopMmaTa 3a Mecel, tonm (Tabnuua 2). Bbnpeky ToBa AaHHUTE co4aT, Ye CbCTOSTHUETO Ha
pacTuTenHocTTa B pasrnefaHuTe parioHU MO-CKOPO KMOHW KbM 3acyllaBaHe, KOeTo O3HayaBa, 4e
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NpeBULLEHNTE CPELHOCTATUCTUYECKN HOPMI 3a KONIMYECTBO BaneXun ce ObimkaT NpeauMHO Ha NoKanHmu
OBXO0BE, U3BBLH pasrnexgaHnTe pamoHu, NOPOMHN, C BUCOKA MHTEH3MBHOCT, KOUTO B KOMOMHaLWs C
MHOFO BWCOKUTE TeEMMepaTypy He Ce oOKasanu ronsiMo BfUSIHME BbPXY pacTUTEnHocTTa oT
pasrnexpaHata obnact. Tyk e Heobxoaumo fa 06bpHEM BHUMaAHWME Ha AOMBIHUTENHUTE aHanusw,
KOMTO MoraT da 6baaTt usBedeHu 4Ype3 MeTOAMTe Ha Bu3yanHata UHTeprnpeTauus Ha caTenuTHUTe
nsobpaxeHus. lNpeacraBeHn ca m3obOpaxeHus OT catenuTHa cuctema MODIS ot 2008 roguHa
(cbur. 2 a, 6) n Sentinel ot 2019 (dur. 3 a, 6). Ha catenuTHUTE M3obpaxeHns obnactTuTte cbe 3eneHa
pacTUTENHOCT ca B YepBeH LBAT, a obnactute 6e3 pacTMTENHOCT ca B NunaB LBSAT Ha NMbpBOTO
nsobpaxerne (dur. 2) n B cnBo-kadsB UBAT Ha BTopoTo (Pur. 36). 3a no-nspasmTtenHo npeacraBsiHe
parioHUTe NoanoXeHn Ha obesnecsaBaHe ca O4YepTaHu C XbNTa MapkupoBka. Vimalikv B npeggua, ye
pacTuTenHocTTa B TO3M paWioH € NPedMMHO ObpBECHa pacTUTENHOCT, MOXe Oa ce MPearnoxu, 4e
nuncarta Ha cbliaTta ce AbMKKU Ha neraneH (unu HeneraneH Abpsogobus)

Tabnuua 2
KONMYECTBO | KONMYECTBO | KONMUYECTBO | KONMMYECTBO konuyectBo | Konuuecteo
Banexm Banexm Banexm Banexm Banexmu Banexmu
Mecew/ 2005 2006 2007 2008 2009 2010
roavHa
IOHU 56 219 15 154 85 210
onm 17 86 2.8 12.6 55.0 117
aBrycrt 1 9 96.1 19.5 18.5 7
centeMBpu 39 57 125.3 294 119.6 54

U3Boaun n 3aknrovyeHune

B HacTosAwmMS goknag e pasrnegaHa metodonorna 3a HabnogeHne n uscnegsaHe npouecute
Ha cyla ¥ 3acyllaBaHe W CbCTOSHMETO Ha 3eMHaTa MOKpMBKa 3a TepuTopusTa Ha cTpaHaTta upes
caTenuTHU MeToau M CPeAcTBa, KOSTO U3MOoN3Ba MHAEKCUM Ha BereTauus Ha pacTuternHata nokpuea,
nofnyyaBaHu 4pe3 CbOTBETHUTE MaTemMaTW4eCKU anropuTMu KaTo ,NpoaykTn® (MmvM NPOM3BOAHM) OT
catenuTtHuTe AaHHW. 3a uenTa, KaTo BbBedeHWe B CbOTBeTHaTa npobnemartvka ca pasrnegaHu
TeopeTnyHuTEe N OU3M4YECKN OCHOBM, CBBP3aHN C ONpeaensHeTo Ha BereTauuMoHHUTE MHAEKCU, KaKTo
W CnekTpanHuTe oTpaKkaTenHu XapakTepUCTUKU Ha PacTUTENHOCTTa, KakTo U B3aMMOLEWCTBMETO Ha
cBeTnuMHaTa (enekTpomarHutHaTa pagvauus) ¢ maTepusTa, KOeTO B3aumofencTBue ce onucea ¢
dyHKUMATa Ha ABOWHO criekTpanHo otpaxeHue (bidirectional reflectance distribution function - BRDF),
KOATO onpegens reoMeTpuMyHOTO pasnpederneHne Ha paguaumaTa, KaTo OnucBa ChekTpanHuTe wu
NMPOCTPaHCTBEHN XapakTepuCcTMKM Ha pJageHa MNoBbPXHOCT. 3a uenuTe Ha wu3cnegBaHeTo ca
npegcTaBeHn pe3yntaTute OT HanPaBeHU U3YUCIIEHUS N CPABHUTENHW aHanu3un 3a HAKOMKO pasnuyHu
Crnyyas, BKMIOYBALLM Pa3nUYHM MHAEKCM Ha Beretauusi Mokassally CbCTOSIHME Ha pacTuTenHara
noKpMBa 1 MMaLLM Npska Bpb3ka C HEMHOTO CbCTOSIHUE M MpoLecuTe Ha cylla u obesnecsBaHe.
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Pestome: [loHamuemo ,cibHYesa eHepeaus" eeonoupa U om eOHa cmpaHa oO3Hayasa peasiHo
obopydsaHe 3a npuernu4YaHe Ha CITbHYesuUme Tb4u, @ om Opyaa cbljecmsysa 8 CcHemos8oOHUMe cucmemu 3a
omyumaHe Ha enekmpornompebneHuemo. [Mopadu npobnemume, NopodeHU om 3aMbpCS8aHemMo Ha OKO/IHama
cpeda e conemume epadose, Cmpameeausi Egpona 2020 3a uHmenuaeHmeH, npuobwasaw, u ycmou4ue pacmex
nodyepmasa 3Ha4umocmma Ha MoOepHu3upaHama u ycmou4yuea esporielicka mpaHcriopmHa cucmema u
Heobxodumocmma om cripaesiHe ¢ npeduldgukamersicmeama Ha epadcKusi mpaHcrnopm, kamo rnpudsuxxeaHemo
CbC 3adsuxeaHu C eJfleKmpoeHepausi mpaHCcrnopmHu cpedcmea € U3KIYumesnHo akmyaneH. Om 2075Mo
3HayeHuUe e peesuoHasiHama mpaHcrnopmH{a fonumuKka, Komo Hacbpyasa eHeOpsieaHemo Ha aimepHamueHU
eHepeocriecmsgawu u wadsawu obkpbxasawama cpeda mexHOM02uU, 3a Koumo ce ocuaypsigeam rnooxoosuwu
¢hopmu Ha ¢huHaHcupaHe.

ECO-FRIENDLY VEHICLES AS PART OF THE SUSTAINABLE TRANSPORT
STRATEGY ECO-FRIENDLY VEHICLES AS PART OF THE SUSTAINABLE
TRANSPORT STRATEGY

Antoaneta Kirova, Daniela Todorova

Higher institute of transport “Todor Kableshkov”
e-mail: akirova@vtu.bg, dtodorova@vtu.bg

Key words: solar energy, electric vehicles, joint policies for new technologies in transport

Abstract: The concept of "solar energy" has evolved, on one hand, express the meaning real equipment
for attracting sunlight, and on the other, it exists in accounting systems for measuring electricity consumption. Due
to the problems posed by environmental pollution in major cities, European Union Strategy 2020 for smart, inclusive
and sustainable growth underlines the importance of intelligent, streamlined and sustainable European transport
system as well as and the need to tackle the challenges of urban transport, such as electricity-driven transport is
an urgent issue. The regional transport policy, promoting the introduction of alternative energy-saving and
environmentally friendly technologies for which appropriate forms of funding are provided is of great importance. A
brief overview is given of the possibilities of implementing vehicles that are entirely electricity-driven or use
alternative energy sources, with an emphasis on common European transport policy measures in some of the most
problematic areas of transport services.

YBoa

banaTta kHura ot 2011 r., o3arnaBeHa ,[1bTHa kapTa 3a €AWHHO €BPOMENCKO TPaHCMOPTHO
NMPOCTPAHCTBO - KbM KOHKYPEHTOCNOCOOHA TpaHCMOpTHa cucteMa C e(EKTMBHO W3MON3BaHe Ha
pecypcute” (COM (2011) 0144), npenopbyBa CEPUO3HO HAMansiBaHe Ha eMmucumTe OT TpaHcnopTa ¢ 20
% 3a nepmnoga 2008-2030 r. n Han-manko 60 % 3a nepuoga 1990-2050 r.; npegswxaa ce n 40 %
HamarneHuwe Ha emMucuMTe OT MeXOyHapoOHUs MOpPCKM TpaHcrnopT B nepuoga 2005-2050 r.;
YCTOWUYMBUTE rOpUBA C HUCKM BbINepoaHu emucun cnensa Aa npeacrtasnssaT 40% oT notpebrneHueTo
B aBuaumaTa go 2050 r.; po 2030 r. Tpabea ga ce u3BbpwM 50 % OTKNOHEHME OT KOHBEHLMWOHAMHo
3apefeHuTe aBToMoOMnIM B rpaackmns TpaHCNopT, C uen NbAHOTO MM npemaxsaHe o 2050 r.
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MoHaTueTO ,cnbHYeBa eHeprus" eBonoupa U OT eHa CTpaHa 03HayaBa peanHo obopyaBaHe
3a NpUBNMYaHe Ha CMbHYEBUTE MbYK, @ OT Apyra CbLUEeCTBYBa B CHETOBOAHUTE CUCTEMM 33 OTYUTAHE
Ha enekTponoTpebrneHueto. B Hawma cnyyam uHTepec npeactaBnsgsa NbpBOTO 3HaveHue. [TbpBuTe
conapHu ,NpeBO3HM CpeacTBa” (TPUKOMKM WM 4YeTUPUKONKM') ca Ha Gas3a Ha BenocunegHaTa
TexHomnorus, a ,conapomobunu® ca gemMoHCTpupaHum Ha Panu 3a enekTpuyecku 3aaBUKBaHU
TpaHcnopTHU cpeacTtea? B LUeeliuapus npes 1985 r.

1. KpatbK 0630p Ha conapHuUTe TPaHCNOPTHU cpeacTBa
1.1. ConapHn aBTOMOOGUNHU TPaAHCNOPTHU cpeacTBa. Mpumepu n 4OOGPU NPaKTUKK

Esponelickute rpagoBe® cbc 70 % oOT HaceneHweTo reHepupaT Hag 80 % ot BBIM Ha
O6wHocTTa, HO rpagckata MOGUITHOCT M3NUTBA XPOHWUYHUS HATUCK Ha 3a4pbCTBaHUATA, roauHNUTE
pasxoau oT KOUTO ca oueHeHn Ha 80 mnpa. EBpo*. 3acerHat ca KOCBEHO U 3akoHoAaTencTeoTo Ha EC
OTHOCHO Ka4yecTBOTO Ha Bb3ayxa®; 38 % OT CMbpTHUTE ClyyYan Ha MbTSA Ca C NELexoaun B rpafckute
30HM Ha EBpona. [lNpoyuBaHe Ha EBpobGapomeTbp nokasBa, Ye 3adpbCTBaHUATa, pa3xogute u
oTpuuaTenHuTe Bb3AENCTBUSA Ha TpaHCNopTa BbPXy OKOMHaTa cpeja M YOBELUKOTO 3apaBe ca OCHOBHM
npobnemu 3a pecrnoHaeHTuTe B ECS. CTtpaterusita EBpona 2020 3a WUHTenureHTeH, npuobLuaBaly, u
YCTOWYMB pacTex’ nogvyeprta BaXHOCTTa Ha MOAEPHM3UpaHaTa 1 yCTon4MBa eBponericka TpaHcrnopTHa
cuctema M HeobxogumocTTa OT ChpaBsHe C Mpeau3BuKaTencTBata Ha rpaickvs TPaHCMopT.
KoHuenuwusTa Ha lNMnaHa 3a ycTonymBa rpagcka MobunHocT® pasrnexaa dyHKUMoHanHaTa rpagcka 3oHa
W npegnara rpagckata mobunHocT ga 6bae BKNOYEHa B MO-LUMpPOKa rpagcka v TeputopuanHa
ctpaterusi, a Komucusata M uHMUMMpPaA HE3aBUCMMO MpoyyBaHe® Ha M3nbiHeHWeTo Ha [naHa 3a
AencTeue n nyénmyHo obcbxaaHel® 3a onpeaensiHe Ha Bb3MOXXHOCTUTE 3a pa3BUTHE.

ConapHume asmomobunu'' dyHKUMOHMPAT Ha 6as3a Ha onucaHuTe (POTOBONTAUYHU KMETKM,
KaTo ce uma npeasua, 4e Te NpuBnMYaT CPaBHUTENHO OrpaHMYEHO KONMYECTBO eHeprus. Hanuue ca u
OrpaHuyYeHnss B AusariHa, 3apagn HeobxogumoCT OT MO-Marnko Terno, CBbpP3aHO C KONMMYEeCTBOTO
eHeprusa 3a 3agsumxBaHe. ConapHuWTe aBTOMOOMMM Ce KOHCTpyupaT OT ONeKOTeHW MaTepuanu 3a
yyacTns B CbCTe3aHus, HO Ce uanonssat 3a obwectBeHn Hyxau. B cpaBHeHue ¢ HopmanHuTe
aBToMobuUnNKn, nNpu TAX HMBaTa Ha Ge3onacHOCT M KOMAQOPT ca 3aHwkeHwu. [py npoekTupaHeTo u
KOHCTPYMPaHETO Ha ConapHu aBToMobunu ce n3non3ea 06MKHOBEH MOHOMUTEH COMapeH Moayr, kato
ce MOHTMpa OOMbIHWTENHO M akymynatop. Kato antepHatvBa, conmapHusT aBTomMoOun Moxe Aa
M3Moni3Ba OCHOBHO akymyrnaTopa, a ClbHYEBMAT NaHeN a CNyxu 3a npe3apexaaHe. B rpagcka cpena,
LIBENLAPCKUAT NPOeKT ,Solartaxi” 3a NpbB NbT B rnobdaneH nnaH nokassa enekTpuyeckn asBTomobun,
KOWUTO Ha oKonocBeTcka obOukonka w3aMmHaBa 50 xun. km, npecudakn 40 gbpxasu.
EnektposagsmkBaHoto MIC pasnonara ¢ pemapke, HOCEWO COMapHUMTE MNaHenu ¢ nfow 6 m2
M3nonseaTt ce n akymynatopu cbC CONMHU enekTponutu (Zebra batteries!?), nossonsisawm npober ot
400 km ©6e3 npesapexpaHe. bes pemapkn aBTomMobunbT Moxe ga uamuHe 200 kKM, ¢ MakcumanHa
ckopocT 90 km/h. ABTomobunsT € ¢ maca 500 kg, a pemapketo — 200 kg. CtorHocTTa Ha nogobeH
aBTomMobun 3a macoBa ynotpeba e okorno 16 xun. EBpo, cnopen oueHkata Ha uHuumatopa Jlym

! https://en.wikipedia.org/wiki/Quadracycle

2 Tour de Sol, https://en.wikipedia.org/wiki/Tour_de_Sol

3Bx [oknapg ,lpagoBeTe Ha yTpeluHus aeH", EBponeiicka komucus, 2011 r.

406Lwwm pasxoam B pesynTarT Ha 3agpbcTBaHuATa; Bk SEC(2011)358 final; MpaackuTe paioHM CbLLO 3aeMaT BUCOK
asin - okono 23% oT emucunte Ha CO2 oT TpaHcnopTa. pagoBeTe TpsibBa Oa noroxart noeBevye ycunus, 3a
npeogonsiBaHe Ha MWHanNWUTe TeHAEHUUWM M Oa JOonpuHecaT 3a MOCTUraHeTO Ha HaMarneHue Ha emucumTe Ha
napHukoBu rasose ¢ 60% ("IMbTHa kapTa 3a NOCTUraHe Ha eQUHHO EBPOMENCKO TPAHCMOPTHO NPOCTPAHCTBO - KbM
KOHKYPEHTOCNOCOOHa TpaHCMOpTHa cucTeMa ¢ eheKTUBHO n3nonaBaHe Ha pecypecute”). (COM (2011)144 final)

5 OupekTtnBa 2008/50/EC Ha EM n CbBeTa oT 21.05.2008 r. OTHOCHO Ka4eCTBOTO HA aTMOCHEPHMUS Bb3ayX U No-
4ncT Bb3Ayx 3a EBpona, OJ L 152, 11/6/2008, p.1 Special Eurobarometer 406 (2013)

6 KOMIOHWMKE HA KOMUCUATA OO EBPONENCKMA TMAPNAMEHT, CBLBETA, EBPOMENCKUA
MKOHOMWYECKU 1 COUMANEH KOMUTET M KOMNTETA HA PETMOHUTE ,Kbm eBponeincko NpocTpaHCTBO
Ha NbTHa 6Ge30MacHOCT: HACOKN Ha NoNMUTMKaTa OTHOCHO NbTHaTa 6e3sonacHocT 2011-2020¢

COM(2010)2020 final

8 MnaHoBeTe 3a ycTon4MBa rpagcka MoBMIHOCT HacbpyasaT 6anaHcupaHo passuTie 1 no-aobpa uHTerpauus Ha
pasnuyHNTEe BUOOBE rpagcka MOOMITHOCT, B MOMOLL 32 NO-e(EKTMBHO M3MOM3BaHe Ha CbleCTByBallaTa TPaHC-
NnopTHa MHGPACTPYKTypa M YCIyrn u Ha MepKMTe 3a rpagcka MoOUMHoCT

9 [oknag 3a Hanpedbka Ha nnaHa 3a OenctBuMe npu  rpagckata mobunHoct, 2013, ec.europa.eu/
transport/themes/urban/studies/urban_en.htm

10 Pegyntati oT nyGnuyHoTo obchbxaaHe ,YpbaHUcTUYHK n3MepeHust Ha EBponerickata TpaHcnopTHa nonuTuka',
2013, www.ec.europa.eu/transport/themes/urban/studies/urban_en.htm

11 https://en.wikipedia.org/wiki/Solar_car

12 https://en.wikipedia.org/wiki/Molten_salt_battery#Zebra_battery
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Manme!®. MHTepeceH BapyaHT Ha eNekTpoOMoOOMIN € TPoNHMAT xmbpug — PHEV, konto pa3snonara u
CbC conapHu naHenu. EnekTpotakcuTta Beve ce ABUXAT B peauua eBponenckn ctonuum (Amcrepaam,
JloHpoH n gpyru), a B rp. Codus CbLLo ca NpoBeAeHN YCreLHM TECTOBE 3a TAXHOTO ABmxkeHnels, KA
MoTtopc bbnrapus e nbpBaTa KOMNaHusi, KOSTO Npeanara Ha CO6CTBEHNLM Ha eNEKTPUYECKM NPEBO3HU
cpencTtea 6e3nnaTHo 3apexaaHe Ha enekTpomobunu.

CbBMecTHa nonutuka Ha 'epmanusa n ®paHums, ctapTupaHa npes 2008 r. gaBa xof Ha nnaH
3a KpeguTvMpaHe MOKYMNKATe Ha aBTomMobwunu, obopyaBaHM C TEXHOMOrMM, HaMansBaly BpegHuTe
€MUCUKN OT BbINepoAdeH ABYOKMC A0 6—8 g/km, a NbpBMAT CONapeH cemeeH aBTOMOOUN e cb3gageH
npe3 2013 r. oT cTygeHTn B XonaHansa. Ton Moxe Aa uamuHe npober ot okoro 850 km, ¢ egHo
3apexgaHe no BpeMe Ha [eHs, Mpu akTMBHa KOHCYMaLuuns Ha CbHYeBM Nbyn. Ternoto My e 386 kg, CbC
conapeH naHen ¢ mowHocT 1.5 kW. lMNpegHa3HayeH e 3a 6e3npobnemMHn NbTyBaHWUS Ha Pa3CTOSHUA
0o 200 kg.

ConapHume asmobycu'® ca 3aABWXBaHU OT eHeprusi, reHepupaHa U3usano UM YacTuyHo OT
CTauMOHApPHN MHCTanaumm oT CnbHYeBW naHenu. NogobHM cucTeMu ca LUIMPOKO Pas3npoCTpaHEHU U
no3eonsBaTt Ha aBTOOyCHMTE KOMNaHWM fa ce cbobpassdABaT C perynaTtopHUTe W3UCKBaHMS 3a
M3non3BaHe Ha anTepHaTUBHA eHeprus Npu npasHust npober, Hanpumep B CALL, BenvkobputaHus u
ap. 3a uenTa ce ocbLLECTBABA NpeHacTporika Ha 6aTtepumuTe, HO 6e3 Bb3OeNCTBUE BbPXY ABUraTens.
BbBexaaHeTo Ha aBToOycHa NuHUA, obcnyxeaHa OT CoNapHU aBTOOYyCKM M3UCKBA UHCTanMpaHeTo
Ha CTauMOHapHU conapHu NaHenu ¢ POTOBOMNTAUYHU KIETKU NN NOCTaBsAHe Ha (POTOBONTaUYHUTE
KneTkn Ha Gopga Ha TPaHCMOPTHOTO CPeAcTBO 3a nNpeobpa3yBaHe Ha CNbHYeBaTa eHeprusi B
€reKTpMYEeCcTBO, HO ,3eneHuTe” NpeBO3HM CpeacTBa CbOTBETCTBAT Ha LenTa obLeCcTBEHUAT
TpaHCMNopT Aa € 4acT OT YCTONYMBM TPAHCNOPTHU cuctemu. JIMHMMTE ca ¢ Marnka obLa AbimKuHa,
Hanpumep 3a MNpeBO3 Ha TYpPUCTW, C HUCKA CKOpPOCT, 3a obukonka Ha 3abenexuTenHocTw,
CBbp3BalLN NMPEBO3N Mexay TepMuHanuTe Ha netuwia um T.H. ABTOOYCHT ,TvHAO®, cb3gageH no
uHMUMaTMBa Ha obLiecTBeHMTe Bnactu B rp. Agenauwaa, usnonssa 100 % cnbHyYeBa eHeprusil’, a B
Kutanm ce nsnonseart enekTpobycun 4acTUYHO 3a[BWXBAHW OT CONAPHU MaHEeNnu, UHCTanupaHu BbpXy
MOKpMBa Ha TPaHCMOPTHOTO CPeACTBO, KOETO HaMansBa NOTpebneHneTo Ha eHeprus 1 ce ysenu4yansa
XM3HEHWS UMKBbN Ha akyMmynaTopHuTe 6atepummn®. MNo MNporpama Ha KMTacKoTO NPaBUTENCTBO 33 YUCT
TPaHCNOPTEH CEKTOP, MbPBUTE CONApPHU XMBpUAHM aBTOOYCK ca NycHaTX B eKcniioaTalmsi Npes Hrnm
2012 r. B rpag Yunumxap, c NTUTUEBO-WOHHN BaTepun 1 CIIbHYEBM NAaHENU, MHCTaANMpaHU Ha NOKpMBa
Ha aBTobOyca. EHepruiiHMaT pa3xog Ha aBTobyc e oT nopsagbka Ha 0,6—-0,7 kWh/km, ¢ kanauuTteT 3a
npeso3 o 100 gywu.

M3nonsBaHeTo Ha CNbHYEBM MaHenu yabiikaBa XMBOTaA Ha akymynaTtopa ¢ 35 %'°. B
EBpona, nbpBUAT 3axpaHBaH CbC CNbHYEBaA eHeprus aBTobyc B ABCTpUS € MycHaT B ekcrnnoaTayus
B [NepTxonacoopd. 3aaBmkBallaTa cuctemMa, ekcnroarauusaTa n cneyudukaTa Ha KOHCTpyKUMAaTa
ca cneumanHo npegHasHayeHuM 3a nnaHupaHuTe pegoBHU nuHuu. [MpobHaTa ekcnnoaTtaums
3ano4ysa npe3 eceHTa Ha 2011 r.20 TpolHO-xMGpUAHUAT aBTobyC e pa3paboTeH B YHMBepcuTeTa B
meHmopaH, Yenc, 3a npeBo3 Ha CTyAeHTU MexAay pasnuyHWTe 4acTu Ha kamnyca. 3agBuXBaH € OT
XUApaBNNYHO rOPUBO UMW COMapHU KneTkn, 6atepun 1 yntTpakoHaeH3aTopun?l,

B NHous e ctaptupaH mawabeH MpoekT 3a BbBeXAaHe Ha HOBU EeHEepPruiHO eEKTUBHU
conapHu aBTobycu B pas3nuynu rpagose (MyHa, Mom6an, BaHranop v gp.) B YraHga cbLyo e BbBegeH
conapeH aBTobyc, ¢ kanauuTeT 35 mecTa, ¢ HyneB % BpeaHu emucum, 06xeat oT 80 Km, C pas3nosioXkeHu
Ha nokpuBa comnapHu nadHenu. KoHuenumsTta e paspaboteHa ot Kiira Motors Project, ¢ orneg
NPOrpecmnBHOTO pasBUTUE HA MECTEH KanauuTeT 3a TEXHOMNOMMYHN MHOBAaL MK, KaTO KITH0YOB KOMMNOHEHT
3a MHCTUTYLMOHaNM3npaHe Ha YCTOMYMBO MHAYCTPUANHO NPOM3BOACTBOZ,

B CALL, B Hio Mekcuko, ot 2011 r. e B ekcnnoataums e 14-mecteH enektpobyc (Solar Buzz),
npegHasHayeH 3a BbTPELWHOrpajckM npesBo3un, cropen npoToTun, cb3gageH npe3 1994 r.
HeobxogumaTa eHeprvs 3a HEroBOTO ABWXEHME € paBHOCTOMHA Ha pas3xoda 3a efekTpoeHeprus 3a
kacdbemaluunHa, T.e. okonio 700 W. ABTOOYCBHT € nonyyun paspeLlumnTeniHo 3a ABmkeHue oT ObLlecTBeHa

13 https://en.wikipedia.org/wiki/Louis_Palmer

14 Plug-in hybrid electric vehicle (XnbpuaHo enekTpuyecko TPaHCMOPTHO CPEACTBO C YCTPOWCTBO 3a 3apexaaHe)
15 http://baeps.org/2015/08/12/

16 https://en.wikipedia.org/wiki/Solar_bus

17 http:/lyoursay.adelaidecitycouncil.com/city-connector-bus

18 http://naftcenews.wvu.edu/naftc_enews/2012/9/7/china-reveals-new-solar-buses

19 http://naftcenews.wvu.edu/naftc_enews/2012/9/7/china-reveals-new-solar-buses

20 https://www.wienenergie.at/eportal3/ep/channelView.do/pageTypeld/67860/channelld/-51749

21 http://news.bbc.co.uk/2/hi/uk_news/wales/7436908.stm, http://news.glam.ac.uk/news/en/2008/may/30/launch-
europes-first-tibrid-green-minibus/

22 http://edition.cnn.com/2016/02/15/africa/africa-solar-bus-kiira-
uganda/index.html?iid=ob_lockedrail_topeditorial&iref=obnetwork,

http://kiiramotors.com/kayoola.pdf
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KoMucus, perynupawia nbTHUA TpaHcnopT npe3 2015 r. LleHata Ha 4acTHata npeBo3Ha ycnyra,
npegocTaBsiHa npeq AeHsa e paBHocTonHa Ha 3 USD, npeanaraHa B paioHa Ha KypopTHO cenuiie ¢
MUHepanHu nssopu B Hio Mekcnko??, ¢ Hacenenne 6100 gy,

B Bwvnrapusa, eBponencko duHaHCMpaHe € OCUTYPeHO 3a 3aKynyBaHe Ha enekTpu4ecku
aBTobycu B rp. Benuko TbpHOBO 1 obwmHaTa paboTy No NPOEKT 3a MHTEerpupaH rpagckym TpaHCMNopT.
JlowoTo cbCTOSHME Ha amopTu3uMpaHaTa TponewbycHa UWHdpacTpykTypa HeedeKTUBHO
Bb3CTAHOBSIBAHETO W, MOpagM KOETO OpueHTauusata e KbM aBTobycu C anTepHaTUMBHO rOpuMBO 3a
ob6cnyxBaHe B rpagckv ycnosusi. B rp. Codusi npe3 nocnegHute roguHn HenpekbcHaTo ce obHoBSABA
aBTOMapkbT, kato B nepmoga 2018-2019 r. mocTeneHHO ce BbBeXAaT enekTpobycu (KUTamcko
npounsBoAcTeo)?*. Opyrn copmmn Ha ,3eneH” aBTOOYCEeH TPaHCMOPT cCa ENeKTPOHHO 3aaBWKBaHU
aBTOOYCH, KaTo C MOMOLLTa Ha COMapHU NaHemnn ce ocblUecTBABa kKnumaTtuadaums. [NogobHu aBTobycu
CbOTBETCTBAT Ha MPaKTUKUTE 3a MKOHOMMYEH npaseH npober. Cblo Taka, CblUeCcTByBaT aBTOOYCH,
paboTeLum Ha OBa pexuma, eAUHUAT OT KOMTO € M3Non3BaHe Ha conapHa eHeprus u T.H. OT 2013 r.
dupma LymeH — MNbTHUYeckn aBToTpaHcnopT” OO ¢ napTtHeop BTY”T. KabnelukoB”, B pamkuTe Ha
npoekT, paspaboTBa anTepHaTVBEH rpafckM aBTOOYC 4Ype3 KOHBepcuMpaHe OT KOHBEHLUMOHaneH
ON3ENoB B eNnekTprnyeckn”,

1.2. A3non3BaHe Ha cNbHYeBaTa eHeprus B Apyrute BUAoBe TPaHCNopT

JKenesHuyama ¢ HNCKOTO CbNPOTUBMEHNE NPU OBWXEHUE, KOETO € OT Mof3a Npu MnaHupaHu
NMbTYBaHUSA 1 pasnofnaraHe Ha CMMPKU CbLLO MOXE [a U3Mon3Ba CribHYeBa eHeprud. PoToBoNTanyHu
naHenu ca u3npobsaHu Ha noaBwkeH cbcTaB B Wtanusa, no EBponerickn npoekt (PVTRAINZ?6).
OCHOBHUAT 1M3BOA €, Ye (POTOBONTANYHM KMNETKM Ca NOAXOAALUM NMPEeAMMHO 3a TOBapHU BaroHW, Kato
enekTpu4ecTBoTO Ha Gopaa we gosede Ao HoBw byHkumK, Hanpumep: GPS unu gpyru cpenctea 3a
onpefernsiHe Ha MECTOMONOXEHNETO, C Orfied MoBuLIaBaHe Ha eeKTMBHOCTTa OT yrpaBfieHne Ha
NPeBO3HUSA Napk; 3aKroYBaLLM YCTPOMNCTBA HA €MEKTPUYECKN NPUHLUUM, BUAEO MOHUTOP M CMCTEMA 3a
AVCTaHLUMOHHO YMpaBfieHMe Ha BaroHW C Nib3rawy BpaTW, C Orfied HamansBaHe Ha pUCKoBeTe OT
Kpaxkbu Ha LIEHHM CTOKW; cucTeMa NpoTuB GrioknpaHe?’, KoATo We AoBeae A0 NOCTUraHe Ha CKOpoCT OT
160 km/h, ¢ KOeTo Le ce NOCTUrHe NO-BMCOKa NPON3BOANTESTHOCT.

Mo nuHusTta Kismaros — Kiralyrét?8, ¢ mexaypencve 760 mm, npeMuHaBallla Npes3 ropcku
yyacTbk, Heganey ot rp. byganewa B YHrapusi, pyHKUMOHMpPA CONapHO 3aaBwkBaHa MoTpuca?®, ¢
MakcumarnHa ckopoct 25 km/h, ¢ oBa gBuratensi, BCEKM C MoLHOCT 7 KW, ¢ pekynepaTUBHO CnupaHe.
EnekTpnyecTBoTO ce cknaaupa B pasnonoxeHn Ha 6opaa 6atepunC. BbamoxHO e 1 pasnonaraHe Ha
CTauMOHaPHU COMNapHM NaHenu N3BbH BaroHa, reHepmpaLuy enekTpu4ecTBo, KOETO U3LIANO ce U3Non3ea
3a HyXOuTe Ha TpaHcnopTHUs npouecsl. MHguicknTe xenesHuum obsiBsiBaT CBOETO HaMepeHue Aa
npunarat OTOBOMTAUYHM KNEeTKM 3a KnuMatusaumsita Ha MnbTHUMYecku BaroHu®2, Cblo Taka,
MHaniicknTe XenesHnum nssbplumxa npobeH npober npe3 man 2016 r., c HAMEPEHUETO ca eXerogHo
cnectsaBaHe Ha 90,8 n An3enoBo ropMBo Ha eauH BMaK eXerogHo, KoeTo OT CBOS CTpaHa Boau M A0
HamansiBaHe Ha BpeaHuTe emucum oT CO2 ¢ 239 T3,

Mo npoekT ,Heliotram" ca cb3ganeHn TpamBaiiiu aena B XaHoBep JlaiiHxay3eH3* n B XKeHeBa
(Bawe gbo lMecu), kaTo BTOPOTO 3axpaHBa C EMEKTPUYECTBO TPAHCMOPTHWM CPEACTBa 3a rpaackus
TpaHcnopT (Tponenbycn) ot 1999 r. Cnopen HanpaBeHM MpPOy4YBaHUs, TpamBawHaTa Mpexa B
Men6bpH3®, ABcTpanus Moxe ga ce obcnyxkBa M3USANO OT coflapHa €Heprusi, cbC CconapHu
WHCTanauum no npoeKkT Ha NpaBUTENCTBOTO Ha warta Buktopus. HamanasaHeTo Ha napHUKOBUTE
rasoBe, M3XBbpnsiHM B aTtmocdepaTta e nosede ot 80,000 T rogmwHo o 2050 r. 3a TpamBanHus

23 http://krge.com/2016/01/28/new-mexico-woman-invents-states-first-solar-powered-bus/

24 N3touHuk: https://www.economic.bg/bg/news/10/elektrobusa-tragvat-po-linii-9-i-309-v-stolitsata-snimki.htm|

25 Mo HaunoHaneH nHoBaumoHeH dora N 6UP-02-15/15.12.2012r., http://www.emic-bg.org/news/item/1072

26 http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=2061

27 https://en.wikipedia.org/wiki/Anti-lock_braking_system

28 https://www.albertbahn.hu/english/railway-photos/hungary/317-kiralyret-forest-railway

29 O6opyasaHa ¢ hOTOBOSITAMYHM NaHenw, ¢ nnowy 9.9 m?

30 http://www.railjournal.com/index.php/rolling-stock/solar-powered-rail-vehicle-ready-for-
service.html?channel=542

31 http://lwww.sciencedirect.com/science/article/pii/S1364032114004778

32 http://lindiatoday.intoday.in/story/sun-to-power-ac-coaches-in-trains/1/298080

33 http://indianexpress.com/article/india/india-news-india/railways-to-start-trial-runs-of-solar-train-in-sunny-jodhpur-
2798717/

34 http://www.windwatt.ch/the-projects/48-heliotram.htm|

35 C gbmxkuHa 250 KM, TpaMBaiiHaTa Mpexa Ha Men6bpH e Hai-ronsma B ceeTa, NpeBo3Balla exerogHo ao 204
MITH. MBbTHULM, eKcnroaTmpaHa OT 4acTeH koHcopuuym (Yarra Trams), ¢ nuueH3 ot Cnyxbarta 3a obliecTBeH
TpaHcnopT, Bukropus
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TpaHCMopT, KaTo pa3yMHa anTepHaT1Ba 3a eKOMNOrMyHO NpUABMXKBAHE B rpajcka cpeaa, NpOMEHSLLMN U
KynTypaTa Ha ABuxeHue e 6bae otaeneHo duHaHcupaHe ot okono 70 MNH. nayHaa.

KaTo gbnrocpoyHa ctparterus 3a nogkpena Ha yCTONYMBMS PbCT B MOPCKUSA TpaHCenopT ,,CUHMAT
pactex” M ,CuUHATA” WMKOHOMMKA nocTturat uenute Ha cTtparterms ,EBpona 2020" B vactra n
WHTENUreHTeH, YCTONYMB U NpMobLLaBall, pacTex; OCMrypeHu ca okono 5.4 munmoHa paboTHu mecTa, ¢
reHepupaHa 6pyTHa gobaeseHa cTonHocT oT 6nmn3o 500 Mmunuapaa eBpo roamwHo®. OvakBaHUsTa ca
0o 2020 r. Te ga HapacHaT CbOTBETHO Ha 7 MIH. Aywu n 6nmso 600 mnpa. eBpo. 3a MHBECTULMOHHK
WHULUMATMBU 3a HacbpyaBaHe Ha ,cuHsTa” nkoHomuka B EC npes 2017 r. ca otaenexun 14.5 MnH. eBpo,
a 8 MITH. eBpo Le 6bAaT NpefoCcTaBEeHN KaTo MbpBOHAYanHn cybcuanm 3a NpoeKkTy ¢ BUCOK NoTeHuman
B HOBOBBL3HMKBALWM ,cUHWU’ cekTopu. CTpaHuTe OT YepHomopckusa u MN3TOYHOCpEeaM3eMHOMOPCKUS
DacenH Beye paboTAT CbBMECTHO 3a peanu3auusTa Ha pegvua eBponenckn NporpaMy 1 NpPoekTu no
cTpaTterudra 3a ,CMHbO” pasBuUTME W MHTerpupaHata Mopcka nonutuka Ha EC, HacouBanku ce KbM
paspaboTBaHeTO, TpaHcdepa U npunaraHeTo Ha CbBPEMEHHM TexHonormm, 6e OT4YeTeHO Ha
nposefeHaTa B Kunbp Mmopcka KoHdepeHuusa. OcTpoBHaTa AbpXKaBa € TEXEH KOOpAMHATOp KaTo eauH
OT HaW-aKTUBHUTE y4aCTHMUM B pas3BMTMETO Ha eBponernckaTa ,CuHS” MKOHOMUKA. B pamkuTe Ha
nporpama ,Xopu3oHT 2020” e yupefeH MexayHapodeH KOHCopuuyMm u oduumanHo u paspaboTeH
npoekt MaRITeC-X, 4uato uen e mnsrpaxgaHeTo Ha eBponenckn LieHTbp 3a BbpXOBWU NOCTUXKEHUSA B
MOPCKUTE U3creaBaHunsl, MHOBaLMKN U TEXHONOrMNS’. BbAeLnaT MHOBALMOHEH U TEXHOMOMMYEH LEHTLP
32 BbPXOBW NOCTWKEHWS LLie CTUMyNunpa napTHbopcTBaTa B MI3aToyHoTOo Cpean3eMHOMOpUE B Hay4HUTe
1 BUsHec n3cnenBaHns B CEKTOPUTE Ha ,CUHATA” MKOHOMMKA KaTO MOPCKUSA TPAHCMNOPT, KpanbpexeH un
MOPCKM TypuM3bM, pa3BUTMETO Ha akBaKynTypu, B EHEPruniHWsi CEKTop, KakTo M B cdepata Ha
o6pa3oBaHMeToss,

ConapHo 3afBwmxBaHU kopabu ¢ 13non3saT NpeauMHO Mo pekn n kaHanm®®, Ho npes3 2007 r. e
cb3gafeH ekcnepvMeHTaneH 14-meTpoB kaTamapaH 3a nnasaHe oT Cesuns (Mcnanuda) go Masmu, a
snocneacTtene n Ao Hio Mopk (CALL), 3aaBmKBaH €AMHCTBEHO OT CTbHYeBa eHeprus. Hai-ronamarta
nuHerHa kopabonnaeaTtenHa komnaHus Ha AnoHus Nippon Yusen KK 1 HedtonpepaboTtBatenHaTa
kopriopauusa Nippon CblWO nnaHWpaTt pasnoraraHe Ha conapHu naHenu, npoussexgawm 40 kW
€eneKTpn4ecTBO BbpXY Kopab 3a npeBo3 Ha aBTomobunu, nanonssaH oT ABToMobunHaTa kopnopaumsi
.TonoTta“(Bx. 6. no-rope). lNpaBeHn ca pasnMYHMU OEMOHCTPALMOHHM CUCTEMU, HO HUKOW He ce e
Bb3MOM3Ban OT OrpoMHaTa eHeprus, KOsiTo MoXKe fa ce Nofyyun B pe3yntart Ha BOOHOTO oxnaxaaHe.

Pyckn npeanpuaTtua paspaboTBaT KopabHU conapHM CUCTEMW B OMUT 3a MPEXon KbM
€KOJTOrMYHO YMCT TpaHCnopT, a oT Havanoto Ha 2020 r., MexayHapogHata Mopcka opraHusauus
(MMO) BbBexaa 3abpaHa 3a usnona3saHe Ha Bpe4HW ropmMBa U U3UCKBaAHE 3a AOCTUraHe Ha HUBOTO
Ha ,HyneB 3apsa”, Ha 6as3a Ha XMOPMAHWM UNKM C HaMareH pas3xod Ha ropMBO WUMW anTepHaTUBHMU
3a4BWXKBaALLM CUCTEMU HA BOOOPOL, CMbHLUE UMK BATHP.

ConapHoTo 3aBWXKBaHe Ha NeTaTenHu ypeau, kKato aupwkabnu unu xmbpnaHu gupmkabnm4o
CblWo e hakT. BbB Bb3QyLIHMSA TpaHCNOPT ca Hanvue rofemMu MHBECTULUWN B COMapHO 3adsuxeaHu
camenumu, Kakto 1 Ha KOCMWUYECKN Kopabu, Tbi KaTo ClbHYEBaTa eHeprus e gage Bb3MOXHOCT Te
Ja OoCTaHaT BbB Bb3fyXa B MpoAbI/IKEHME Ha Meceuu, 3a pasfnnka OT CbBPEMEHHUTE caTenutm4l,
MN3BbplueHn ca 1 ekcnepuMeHTM B cdpepaTta Ha Bb3gyxomnnaBaHeTo, Hanpumep Solar Challenger??,
n3MuHan 262 km mexay Mapwx n BennkobputaHus, ¢ nomoLlTa Ha ciibHYeBa eHeprus; Solar Impulse?s,
SolarStratos (wBenuapckn cTpaTocdepeH conapeH camorneT). Opyrn npoektn ca Sky Sailor
(NpoekTupaH 3a npoy4yBaTeneH nonet Ao nnaHetata Mapc), nbTysBan npe3 2008 r. 27 yaca, KakTto 1
pasnuMyHM COMNapHO 3adBWKBaHWM camoneTu, kato ,Jdupwkabbn ¢ ronsama BMCOYMHA Ha noneta“ Ha
JNokxuina-MapTtuH. PaspaboteH oT Aurora Flight Sciences e n aBToHOMHuAT camoneT ,Ogucen”, ot
Kkareropusita ,NCeBAO-CAaTENUTM Ha BMCOKa Hagmopcka BucoumnHa“ (MCHB), 3axpaHBaT u3usano ot
CITbHYEBA €Heprusi, C 00XBaT Ha NPUITOXXEHUE OBbTOCPOYHU HABNAEHNS Ha Knumarta, cbOvpaHe Ha
AaHHU 1 nogobpsiBaHe Ha UHTEPHET BPb3KWUTE B 30HM NO CBETA M3BHH 0b6xBaTa Ha riobanHaTta mpexas.

36 https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en

8 Marine and Maritime Research, Innovation, Technology Centre of Excellence, W3TOYHUK:
https://cordis.europa.eu/project/rcn/211242_en.html

38 MbpBK 3a paioHa Ha YepHo Mope 1 M3TouHoTo CpeamseMHoOMopre eBPONenckn KBanmduKaLMoHEH LIEHTbP 3a
,CUHN”" npodecuu we 6bae oTkpuT B Knnbp, ¢ npeactaButencTso n B bunrapus

39 http://www.enn.com/energy/article/38019

40 https://www.solarship.com/

41 http://news.bbc.co.uk/2/hi/science/nature/6916309.stm

42 https://en.wikipedia.org/wiki/MacCready_Solar_Challenger

43 https://en.wikipedia.org/wiki/Solar_Impulse

44 N3Tounuk: http://www.powersyst.bg/news/read/457

302


https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en
https://cordis.europa.eu/project/rcn/211242_en.html
http://www.enn.com/energy/article/38019
https://www.solarship.com/
http://news.bbc.co.uk/2/hi/science/nature/6916309.stm
https://en.wikipedia.org/wiki/MacCready_Solar_Challenger
https://en.wikipedia.org/wiki/Solar_Impulse
http://www.powersyst.bg/news/read/457

cepa,

2. N3Boamn

HesaBncumo OT pasBUTMETO M pPa3npPoOCTPaHEHNETO Ha ConapHaTa eHeprus B TpaHcnopTHaTa
Hanuue ca 1 orpaHuyYeHus Npu n3non3BaHeTo Ha ooToBonTanyHu knetkn B MIMNC, a nmeHHo:

Hucko Hugo Ha eHepauliHa HacumeHOCMm: eHeprusita OT CMbHYEBMS NaHEmn € C OrpaHU4YeHo
KOMNMMYeCTBO, Ha NBbPBO MACTO OT pa3Mepa Ha TPaHCMOPTHOTO CPEACTBO MU HAa BTOPO, OT nepuoaa
Ha CNbHYEBOTO rpeeHe. NpeogonsaBaHeTo Ha orpaHNYeHNeTo cTaBa ¢ AobaBsHe Ha pemapke
3a ocurypsiBaHe Ha Mo-rofisiMa Mol 3a pasnoniaraHe Ha naHenuTe, HO ToBa JobaBsa Maca, a
Taka 1 pasxod KbM TPaHCMOPTHOTO cpeacTBo. OrpaHNYeHMETO MO OTHOLLIEHWE Ha MOLLHOCTTa
MOXe [a Ce HaMarnu 1 4Ype3 U3noni3BaHe Ha KOHBEHLUMOHarHu enekTpomobunu, cHabaeHn cbe
cpencTBa 3a conapHa (Mnu Apyr BuA) eHeprusi, C Bb3MOXHOCT 3a npesapexgaHe oT Mpexara
3a enekTpocHabasBaHe;

Pa3xodu: cnbH4eBaTa eHeprusa e 6esnnaTtHa, HO BrpaXgaHeTo Ha hOTOBONMTAUYHU KNETKU 3a
ynaBsHeTO Ha CIMbHYEBUTE NMbYUN U3MCKBA BUCOK pasxon. PasxoaunTte 3a conapHu naHenu obave
Hamansagart (22 % HamansBaHe Ha pas3xoguTe Npu yaBosBaHeE Ha NPou3BOAUTENHUS 06em);
KoHcmpykmueHU cbobpaxeHus: CnbHYeBaTa CBETIIMHA HAMA >KM3HEH LMKBLI, 3a pasnuka oT
doToBONTAUYHUTE KNETKU. KU3HEHUSAT LUMKBM Ha conapeH MoAyn e OT Nopsifbka Ha No4Tu
30 roguHn*. CtaHpapTHUTe (QOTOBOMTaMYHM KIEeTKM 4YecTo ca ¢ rapaHumsa 3a 90 % (ot
HOMMHanHata mowHocT) go 10 roauHn u go 80 % cnen 25 roguHwu. TloHacTosiweM,
hOTOBONTAUYHUTE MaHENN ca MPOEKTUPAHU KaToO CTaUMOHAPHU MHCTanaumm, ¢ YyBCTBUTENHA
Maca. 3a ga moraT ycnewHo Aa ce npunaraT B mMobuneH BapuaHT, Te Tpsabea ga ca
KOHCTpyuMpaHu yCTONYMBU Ha BUGpauuu.

CpaBHMTeJ'IHaTa XapaKkTepucTtuka u npoydBaHundTa Ha na3apa ca OoT CbLieCTBEHO 3Ha4YeHune npu

OuUeHKaTa un M36opa Ha npoToTun, nopaan aocTa roidgmMarta nbpBoHa4valiHa MHBECTULINA.

Nook wbhpRE

©
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Knroyosu dymu: uumeHmHu 6emoHu, gsucokomemriepamypHU u3rnumeaHus, peyukrnupaHu 0obasbyHU
Mamepuarnu, aHariu3 Ha MUKpocmpykmypa

Pe3srome: Cbcmasbm u xapakmepucmukume Ha OobaebyHume Mamepuanu (ecmecmeeHu U
peyuknupaHu - EfJM), usnonseaHu rpu rpou3so0cmeomo Ha bemoHHUmMe cMecu, ca aHau3upaHu 4pe3 HIKOIKO
QU3UYHU U XUMUYHU u3rniumeaHusi. bemoHHama cmec u emebpdeHume 6emoHu ca u3numaHu 4ype3 cmaHoapmHu
memodu. MszomeeHume 6emoHHU npobHu menia ca Hagpemu 0o 800°C u usnumaHu 3a onpedensHe Ha
msixHama sikocm Ha Hamuck. 3a Oa ce oueHu Makpocmpykmypama Ha 6emoHa ca rposedeHu HabroOeHus,
Koumo ca 00Mb/IHEHU CbC CHUMKO8 Mamepuari, Nosly4eH om onmu4yeH MUKPOCKOI.

Ha ocHosama Ha HanpaseHUme usMepsaHusi U cpasHUMEsHU aHa/u3u ce ycmaHosu, Ye sskocmma Ha
Hamuck Ha 6emoHa, uszomeeH camo ¢ ecmecmeeHu ELJM e rno-zonsima om masu Ha 6emoHa, 8 Kolimo Yacm om
mo3u KOMIOHeHmM e 3aMeHeH C peuyuknupaH. KoeguuyueHmume Ha pedyKkuyusi Ha siKocmma Ha HamucK Ha
bemoHa ¢ peyuknupaH E[JM ca no-sucoku, koemo ce 0b6sicHsisa C r0-HUCKama SIKocm Ha KepamMu4Hume
Kepemudu, KOSSmo nuMumupa ssikocmma Ha Hamuck Ha 6emonra, uamepeHa ripu 20°C. [lpu HagpsisaHe OKOJIO
500°C 3anoyeam 0Oa ce obpasdysam ryKHamuHU 8 UUMEHMO8UsI KaMbK U 8 KOHMakmHusi crol mexoy
yumMeHmosusi KaMbK U ecmecmeeHume 0obasbyHU Mamepuanu. Adxe3usma mexdy kKepemudume U
UUMEeHmMoBUsI KaMbK € ro-0obpa om masu MexJOy UUMEHMOBUS KaMbK U 8aposukosusi e0bp O0obasbyeH
Mamepuarn.

Crnied obobuwjasaHe Ha 6CUYKU aHanu3u ce fpasu 3ak/oyeHuemo, 4e usrnosizeaHemo Ha 6emoH ¢
MakcumarsnHo dornycmumo 3amecmeaHe Ha ecmecmeeH E[JM ¢ peuyuknupaH om kepemudu Hsima d0a dosede 00
U3MeHeHUsI 8 mexHosioeusima Ha u32o0mesiHe Ha b6emoHHUme cMmecu U ¢hopMmupaHama cmpykmypa Ha
8mebpOeHusi 6emoH. Bucokusim rpouyeHm Ha 3amecmeaHe Ha ecmecmeeH E[JM we doeede 0o HamarnsisaHe Ha
Kraca rno sikocm Ha Hamuck Ha 6emoH, HO CbUWE8PEeMEHHO we nodobpu Hezogama mornoycmou4ugocm.

STUDY OF CHANGES IN CONCRETE MACROSTRUCTURE
WITH RECYCLED COARSE AGGREGATES FROM CERAMIC
ROOF TILES AT HIGH TEMPERATURES
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Abstract: The composition and characteristics of the aggregates (natural and recycled) used in the

production of concrete mixtures were analysed by several physical and chemical tests. Both fresh and hardened
concretes were tested by standard methods. The prepared concrete samples were heated to 800°C. At different
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temperatures they were tested to determine their compressive strength. The structure of concrete was evaluated
by observations, which were supplemented with pictures obtained by an optical microscope.

On the basis of the measurements and comparative analysis it is found that the compressive strength of
concrete prepared with natural coarse aggregates only is greater than concrete, in which a portion of this
component is replaced by recycled one. The ratios of reduction of the compressive strength of concrete with
recycled coarse aggregates are higher, which can be explained by the lower strength of the ceramic tiles, which
limits the compressive strength of concrete, measured at 20 °C. When heated at 500 °C cracks in the hardened
cement paste begin to form and the contact layer between the hardened cement paste and natural aggregates.
The adhesion between the ceramic tiles and the hardened cement paste is better than that between hardened
cement paste and limestone-based coarse aggregate.

After summarizing all analyses, one may conclude that the use of concrete with a maximum substitution
of natural coarse aggregate by recycled one will not lead to changes in the technology of preparation of fresh
concretes, as well as formed structure of hardened concrete. The high percentage of substitution of natural
coarse aggregate will reduce the compressive strength class of the hardened concrete, but will also improve the
resistance of concrete at high temperatures.

BbBeneHune

BeToHBLT € eQuH OT OCHOBHUTE CTPOMTENHU MaTepuany, Hamupally LWKUPOKO NPUIOXeHne B
CbBPEMEHHOTO cTpouTencTeo. MoguwHoTo notpebneHve Ha 6eToH B ceBeTa e Hag 10 nbTw Hag ToBa
OT cTomaHaTa. B cTpoexuTe ce manonaea gBa nMbTu noBeye GETOH B CpaBHEHME C BCUYKM ApYrU
CTpoOuUTENHU MaTepuanu, B3eTu 3aegHo. OTHeCceHO 3a BCeKM YoBeK Ha 3emsaATta notpebneHmeto Ha
©€eTOH e OKONO TpY TOHa roAMLLHO, KOETO o MpaBu BTOPUAT crieq BogaTta Hal-KoOHCyMupaH martepuan
oT xopara [1]. HAama cbMHeHue, Yye B 6nn3ko Obaelle OETOHBLT Le OCTaHE OCHOBHUSI KOHCTPYKLNOHEH
cTpouTeneH martepuarn.

EOouH OT OCHOBHUTE HegocTaTbUM Ha GeToHa e ronamMoTO KONMMYEeCTBO BbIMepoaeH ANOKCUA
(CO2), oTaoeneH Npu BCUYKM eTanu Ha NpOU3BOACTBO M NpunoxeHue. Ton e oTroBopeH 3a 4—8 % ot
CBETOBHOTO npon3BoacTBo Ha CO2, kKaTo camo BbINuwaTta, HedpTa M rasra ca no-ronemMmm U3TOYHULM
Ha napHukoBM rasoBse. [NpeogonsiBaHETO Ha ToBa BPeAHO Bb3AencTBME Ha GeToHa Ha okomnHaTa
cpefa ce TbpCU B HamarnsiBaHe KONMYECTBOTO MMM MBbAHOTO 3aMecTBaHe Ha NopTNaHAUUMEHTOBMS
KINWHKepP, Ha KOWTO ce AbMKK nonosuHata oT emucumte Ha CO2 Ha BeToHa.

MpeoumctBO Ha OeTOHa € BB3MOXHOCTTA B HEro Aa ce BnaraT CTPaHWYHW MpPOAYKTU W
oTNagbuy OT pasnuyHu MHOYCTpunN. CbrnacHo HAaCOKUTE 3a NPUHLUMUMUTE U NPaKTUKWUTE 3a ynpaBreHne
Ha KpbroBaTa MKOHOMUKA C Hal-ronsima TEXeCT ce pa3rfnexaa Bb3MOXHOCTTa 3a BnaraHe B 6eToHuTe
Ha cTpoutenHu otnagbum (CO). To3n BUA OTNaabLK, KOUTO CE NOfy4aBaT NPy CTPOUTENTHO-MOHTaXHU
paboTn M OT MpeMaxBaHe Ha CTPOEXM, Ce CbCTOAT OT Pa3nUYyHM MaTepuanu, MOBPEeAEeHU WM
HEM3MNomn3BaHW MO Pas3fIUYHU MPUYUHM MO BPEME Ha CTPOUTENICTBOTO, BKM. OOpasyBaHu npu
noaroTtoBkata Ha cTpouTenHaTa nnowazka.

OTtnagbunTe OT CTPOUTENCTBO M paspyluaBaHe, obpa3syBaHn B EBponenckus cvio3 (EC) npes
2014 r. ca 869 mnH ToHa, koeTo e 34,7 wt % OT BCcuykM nmoTouu otnagbum [2]. Ham-ronamo e
KONMMYeCTBO OTNaabLyM, oOpadyBaHW CTPOUTENHWTE MaTepuanM Ha OCHOBa CBbp3BalLM BellecTBa
(6eToH, masunka, uMmeHT 1 ap.) — 32 wt % n Ha Tyxnm — 25 wt %, gokato yacTtTa, obpasyBaHa oOT
nokpmBHa kepamuka e 4 wt % [3]. MogobHu cToMHOCTM ce AaBaT M B M3CneaBaHETO 3a CPaBHEHME Ha
konmyecteata CO Ha aBa rpaga, Kato CTOMHOCTUTE 3a kepemuaeHuTte oTtnagbum ca 3,7 wt % u
4,8 wt % [4]. Ha ocHoBaTa Ha Te3n OaHHM MOXe da ce onpegenu, ye obpasyBaHuTe oTnagbuu OT
KepaMnyHu npoaykTu 3a nokpmeu B EC ca okono 35 MIH. TOHa roguLLHo.

BnaraHe Ha KepamMu4yieH peunKnumpaH p[o6aBbY4eH MaTepuan B 6eToH

Ot 2012 r. y Hac e obHapoaBaHa Hapenba 3a ynpaBrneHue Ha CTpouTENHUTE oTnagbLm 1 3a
BMaraHe Ha peuuknupaHu ctpouTenHu matepuanu [5]. EoHa oT uenute Ha Ta3u Hapenba e ga ce
yBenuuu ynotpebata Ha peumknupaHum ctpoutenHu maTtepuanu (PCM) 4ype3 u3nbrHeHue Ha
KONMMYECTBEHM LENM 3a TSAXHOTO BnaraHe B MpPOEKTU, puHaHcMpaHn ¢ nybnvyHM cpeacTea
(MpunoxeHue Ne 8 Ha [5]). N3uckBaHuATa ca TBbPAE HUCKU — HanNpumep, 3a HOBO CTPOUTENCTBO Ha
cTpoexu, manbnHsasaHu cneqn 2020 r., konundectBoto Ha PCM TpsibBa ga e Hag 2 %wt %, Ho
Hapepgbata nocrtaHoBsBa, 4Ye PCM (cTpouTenHuTe nNpOAyKTM), MOMyvYeHM B pe3yntarT Ha
ononsotBopsieaHe Ha CO (kateropus 17 oT EBp. cnMcbK Ha oTnagbuute), morat ce Bnarat B
CTPOEXMUTE CaMO, aKkO OCUrypsiBaT M3MbIIHEHMETO HA OCHOBHUTE W3WCKBAHWUS KbM CTPOEXUTE W
OTroBapsAT Ha TEXHWYeckuTe cneumndurkauumn, onpegeneHn cbC 3akoHa 3a TEXHUYECKUTE M3UCKBAHUS
KbM MpPOAOYKTUTE, T.€. OTroBapsiT Ha M3WCKBAHWUSTA M OOMYCKATE Ha XapMOHU3WpaHWUTE CTaHAapTH,
paspaboTeHu 3a npoaykTute B cboTBEeTCTBME C Yn. 17 oT PernamenT (EC) 305/2011 r. [5].
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Mopagu ronamoTo rogunwHo notpebneHne Ha 6eToH, M3MCKBaHETO 3a BnaraHe Ha PCM Han-
NnecHo MoOXe Ja Ce MOCTUrHe 4pe3 U3MNon3BaHe Ha peuunknupaHu fobasbyHu matepuanu (POM).
Moaxopsawmre natouHmum Ha POM ot CO cnagat kbm nogrpyna ¢ kog 17 01 cernacHo Hapen6a Ne 2
ot 2014 r. 3a knacudpukaums Ha otnagbumte [6]. OT HeonacHWUTe CTPOUTENHU OTNaabLM OETOHBLT
(17 01 01 koa Ha CO) u Tyxnute (17 01 02 kog Ha CO) nputexaBaT BMCOKA MOPbO3HOCT, KOETO
npegonpeaensl nonydyaBaHeTo Ha Nopbo3Hn PIOM, M3non3BaHeTO Ha KOMTO kpue Ha npobnemu B
TEXHOSIOrMYHNTE MPOLIECU Ha MPOM3BOACTBO Ha OeToHHa cmec ¢ Te3an POM. MNMopagu Tasm npuynHa
Han-nepcnekTMBHU 3a npomnssoacTBo Ha POM 3a CO c kog 17 01 03 B KouTO nonagat kepemugu,
NMoYkn, asiHcoBM U KepaMunyHu usgenus [5, 6]. KonuyectBeHata uen 3a matepuarnHo Ornonso-
TBOpsiBaHe Ha To3n BuMa CO 3a cneg 2020 r. n Bcska cnegBawa roguHa e 70 wt %. lMopaam
HeobXxoQMMOCTTa OT CENEKTMBHO OTAENsHe, pa3fensiHe n cbxpaHsiBaHe Ha CO KbM MOMEHTa Hau-
nepcrnekTMBHO € uanonssaHeto Ha CO oT kepemnagu 3a BnaraHe B kaTo AobaBbyeH marepuan
©eTOHHN cmecu.

Crangaptst BAC EN 206:2013+A1:2016 nossonsea m3nonssaHeTo Ha POM (1. 5.2.3.4). B
npunoxeHne E, koeTo € MHOPMAUMOHHO, Ha TO3M CTaHAApT ca OnucaHW NPenopbKM camo 3a
na3nonseaHeTo Ha eabp PLOM. lNMocTaBeHn 3a rpaHMunM 3a 3aMecTBaHe Ha €CTECTBEHW OOMKHOBEHMU
eapn pobaBbuHu wmaTtepmanm (EOM) ¢ egpm POM (PEOM), cbvotrBetctBawm Ha BOC EN
12620:2002+A1:2008, BbB Bpb3ka C KracoBeTe MO Bb3OEWCTBME Ha oOKonHaTta cpefa. B Tean
XapMOHM3NPaHN CTaHOAPTM U3UCKBaHMATA 3a BraraHe Ha TyXJSIM U KepemMuaum ca edHakBu, BbMNpPeKu
pasnuMyHata UM CTPyKTypa (MOPbO3HOCT), onpefensiia pasnuyHu CBOWCTBA (BOZOMOMMBAEMOCT,
BOZOMNPONYCKIMBOCT, MPa30yCTONYMBOCT, MEXaHUYHU XapaKTEPUCTUKM) U NPUMOXKEHNE.

OcHoBHUTE M3cnegpaHust B obnactra Ha BnaraHe Ha PCM B 6eTOHM ca CbCpeaoToYeHn B
usnonasaHeto Ha PEM ot 6eToHn [7-9], KaTo TAXHOTO MpunaraHe e AOBerno O NOCTaBAHETO Ha
orpaHunyeHusa B ctaHgaptm — BOC EN 206:2013+A1:2016 (6etonm X0, XC1-4, XF1, XAl, XD1;
MakcumanHo Ha 3amectBaHe 30 wt % c¢ PEOM tun A, makcumanen knac C30/37 C40/50 npu
nanonssaHe Ha POM tun B), BS 8500-2:2006 (20 wt % makcumanHo 3amecTtBaHe Ha E[M c PE[M;
makcumaneH knac C40/50 3a X0, XC1-4, XF1, DC1 (ycToM4MBOCT Ha XMMWUYHa arpecus) un ap.
BnaraHeto Ha POM ot CO ot tyxnm B 6€TOHM BOAM OO0 HamansdBaHe Ha BCUMYKU MEXaHUYHU
XapaKTePUCTUKM MpU EKBMBANIEHTHW BOAOLMMEHTHO OTHOLUEHME W KONMUYECTBa Ha €CTECTBEHMU
EOM [7]. Betonn ¢ PEOM oT Tyxnn ca ¢ HamaneH puUcK 3a NpUTUYaHe Ha ankano-cunuueBa peakuma n
MMaT MOHWXKeHa KapboHM3auusi, KOETO BEPOSITHO Ce AbIDKM Ha MOBMLUEHOTO KOMUYECTBO LIMMEHT,
HeobxoQMMO 3a MnonyyaBaHe Ha paBHoOSAKkOCTEH 6eToH [7]. CbllecTBEHO Mpu ToBa TbIIKyBaHe €
npueMaHeTo, 4Ye B u3cnefBaHusiTa W CTaHOAPTMTE Ce M3MNon3Ba TErfloBHO 3amMecTBaHe, BMECTO
3amecTBaHe Ha E[IM no obem.

OT cBOSA CTpaHa kepeMuanTe MMaT No-NibTHA CTPYKTYpa, CbOTBETHO MITBTHOCT U SAKOCTH, OT
Tasmnm Ha Tyxnute M Buxa wumanu no-gobbp noteHuwan 3a 3amsHa Ha EOM B 6eToHHuTE.
JonbnHUTENHO NPEaNMCTBO € U TAXHATa rofisiMa TonnoyCTOMYMBOCT, ObJKalla ce Ha npouecuTe npu
TSXHOTO MoflydaBaHe Mnpu BMCOKa TemnepaTtypa. Te ce OTHacAT KbM MHEPTHUTE OTnagbLn, 3a KOUTO
He € HeobXxoaoMMO NpoBEXAaHe Ha M3NUTBaHE 3a [a Ce JOKaXe, Ye He CbAbpXaT OnacHW BELLECTBa.
B nutepatypaTta npaktu4ecku nunceaTt AaHHW 3a nosedeHmeTo Ha 6eToHn ¢ BnoxeHn PEOM ot CO
OT MOKpMBHaA kepamuka. CblLIO Taka ca TBbpAe Manko uacrnensaHusita noBeaeHMETo Ha 6eToHu ¢
peuvknupaHn pobaBbyHM MaTepuanu npu nosuweHn TemnepaTypu. OCHOBHUAT npobnem B
n3y4yaBaHeTO 1 CPaBHUTEITHUTE aHanns3m e ronsamoTo pasHoobpasve ot PEOM v Hanvm4meTo Ha MHOro
npuMecu B Tax. Te TpyaHo knacuduumpaT — B eguH knac PEJM ot 6eToHn egHoBpeMeHHO nonagat
100 wt % HaTpoLueHun Tyxnu n cmec ot 94 wt % HaTpoLueH 6eToH 1 6 wt % HaTpolueHu Tyxnum [7].

MaTeleaﬂM, I1p06VI n MetToau 3a uannTeaHe

M3cnegBaHeTo Ha noBeAeHWeTo Npy NOBULLEHU TemnepaTypu Ha 6eToH ¢ BnoxeH PEOM ot
CO c kepamuyeH Npousxop, ce OCbLLECTBU Ype3 NPUrOTBSHE N CPABHUTEIHU U3NUTBAHNA Ha ABa BUaa
0eToHHM cmecu: obukHoBeH G6eToH (BO) n 6eToH, B konTto E[JM e 3ameHeH ¢ 20 wt % HaTpolleHu
kepemugu (BK). Tosu n3bop nos3sonsiBa Aa ce HanpaBu CpaBHEHUE Ha noBefdeHueTo Ha BK ¢ ToBa Ha
BO, uneto noseaeHue npu temnepatypu 4o 800 °C e MHTEH3UBHO M3cneaBaHo U y Hac [11, 12].

Mpobute G6sixa U3roTBeHN cbC cMeceH noptnaHaummeHt CEM II/B-LL/32,5 R, npon3BoacTeo
Ha Xoncum A[l, c. Benu ussop bbunrapus. LIUMEHTHLT cbabpxa cMNsaH BapoBuK (4o 35 wt %), KONTO He
ce pasnara go 800 °C n npeHebpexumo KonumyecTBO opraHumyeH Bbrnepog (mog 0,2 wt %).
MnbTHOCTUTE Ha UMMeHTa Gsixa onpeaeneHn nabopaTopHo: cneunguyHa NbTHOCT P = 3110 kg/m3 u
o6eMHa NIbTHOCT B CBOOOAHO HACUMHO CbCTOsIHUE P, = 1050 kg/m3. OpebHuaTt gobasbyeH matepuan
(OOM) npeacraBnsiBalle peveH, CpegHO3bPHECT MACLK CbC P = 2460 kg/m® n pp = 1570 kg/ms.
EctectBeHnsT E[JM Ge TpoLleH kaMbk, MOMy4eH OT TbMHO CUB Ha LBAT BapoBUK, opakums 4/11 mm, ¢
nnbTHOCTM P = 2640 kg/m® un pp=1520 kg/m3. Egpuar POM 6e nonyyeH OT kepemuan Tun
~-Mapcuncku®, ot KoMTo NbpBOHaYanHo belle oTgeneHa NPbLCTTa U APYrK oTNaabUM, crief koeTo 6axa
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cTapaTernHo u3MuTu 1 HaTpolwleHn. HatpoweHuaT maTtepuan 6e cpakumoHmpaH cbe cuta 4 mm u
16 mm, cneg KoeTo Haun-ronemuTe 3bpHa 6saxa oOTcTpaHeHW. 1o TO3M HauMH reoMeTpuyHUTE
xapaktepuctukn Ha POM 6sxa yegHakseHu ¢ Te3um Ha E[JM, a nopagu KpexkoTo paspylleHue Ha
kepemngute cpopmarta Ha nonyyeHute 3bpHa PEM 6e cbLo MHOro 6nmnska 4o Tasu Ha M3Non3BaHus
TpolweH kambK. lMonyyeHuat PEOM 6e ¢ nnbTHocTu p = 1630 kg/m3 u p, =830 kg/m3, kato Ge
onpefeneHa n obemHaTa NIbTHOCT BbB BOAOHAMMTO CbCTosIHME — 960 kg/mS.

OT Te31 KOMMNOHEHTU Bsixa U3roTBEHU criegHUTe GeToHu (Npnbn. 1 m3):

e 0bukHoBeH 6eToH (BO): unmeHT — 400 kg; Boga — 210 |; AOM (nsickk) — 650 kg; EOM (TpowieH
kambk) — 1040 kg;
+ GeToH ¢ 20 wt % POM (BK): unmeHT — 400 kg; Boga — 210 |; AOM (nscwk) — 650 kg; EOM

(TpoweH kambk) — 832 kg; POM (TpoweHn kepemuman) — 208 kg.

BeTtoHHMTE CMecu ce npuroTemxa no ctaHgapTHa npoueaypa. MNMpean nnonssaHeto Ha PEOM
Ton Ge ocTaBsAH Ada NpecTou BbB BOAA 3a €0HO OeHOHOoLLMe, C Lien AOCTUraHe Ha BMCOKa CTeneH Ha
BoJOMONMBaHe, KOATO npepoTBpaTsaBa abcopbupaHeTo Ha HanpaBHa BoAa. [iBete 6eTOHHM cmecu
umaxa cngraHe 100 mm (knac S3), onpegeneHo no BAC EN 12350-2:2009. MsroTBsHeTO Ha
npobHute Tena c pasmepu 100/100/100 mm, TAXHOTO OTNEXaBaHe N M3NUTBaHe 6Ge OCbLLUECTBEHO
CbrnacHO M3nckBaHuATa Ha rpynata craHgaptv BAC EN 12390 (wactn 1-4). 3a oTnexaBaHeTO Ha
npobute 6e nsbpaHo cnen AekodpupaHeTo Te Aa OTnexaBaT BbB Boga ¢ Temnepatypa 20 £2 °C
HenocpeACcTBEHO A0 HA4YanoTo Ha ONpeAensiHe Ha TAXHaTa MITbTHOCT M SKOCT Ha HATWUCK B CTANHO U
HarpsTo CbCTOSIHUE.

Bcuukn npobHu o6pasLm, OCBEH Te3n KOUTO e 6baaTt U3NnuTaHu Ha cTanHa Temneparypa, ce
nogpexagaT BHMMaTenHo B Enektpuyecka nabopaTopHa kamepHa new, ¢ amanasoH go 1000 °C,
npon3BOACTBO Ha 3aBog ,Ennpom Banuuk®, tun TEK 45, kosaTo 4pes nomowTa eneKkTpoHeH
TepmMmoperynartop ce Harpsisa 6aBHO CbC ckopocT okono 2 °C/min . TemnepaTypaTta Ha npobuTe ce
cneauv ¢ TepmoaBonKW, BGeToHMpaHu B LeHTbpa (Ha 5 cm gbnboynHa) Ha npobHu Tena ot BO u BK.
lMpn 3anoyBaHe Ha HarpsBaHeTo Oewe HabnogaeaHo, yYe npobute ¢ PEOM (BK) ce HarpsiBat c
30-60°C no-6aBHo oT BO n Tasu pasnuka ce 3anasu NOYTWU A0 Kpas Ha m3nuTBaHeTo. Korato newra
JocTurHe Jo HeobxoaumaTa TemnepaTtypa, NpobHUTE Tena 4pe3 u3gbprnBaHe C MeTanHa Kyka
BHMMATENHO CE NOCTaBAT BbPXY MeTarneH NogHoC M BeAHara ce M3nuteaT 3a OnpegernsHe Ha TaxHaTa
SIKOCT Ha HaTUCK Ypes MallMHa 3a U3NMTBaHe Ha HaTUCK C XuapasnuyHo gencteue, Knac 3, Tun WK-2.
ManntBaHeTo npogbikaBa o gocturaHe Ha 800 °C. PaspyweHuTe OT M3NWTBAHETO Ha HATUCK
©eToHHM npobHM Tena ce wusnon3eaT 3a HabnwgeHue Ha opmupaHaTa MakpOCTPYKTypa, BKIT.
XapakTtepa Ha HeWHOTO paspyllaBaHe, a Ha OTAeNneHM napyeta oT npobuTe MUKPOCTPYKTypaTa ce
usyyasawe 4pes gurntaneH mukpockon BRESSER JUNIOR DM400 npu yBenuueHus 20x, 80x wn
350x.

Pe3y11TaTM n aHanuns

Pe3y11TaTVI 3a MNMBTHOCTTA N AKOCTTA Ha HAaTUCK

MnbTHOCTTA Ha OETOHHWTE, onpefdeneHa kaTo ycpegHeHa OT Tpu npobu, Npu cTarHa
TemnepaTypa B €eCTecTBeHO cyxo cbcTosiHne ca 2230 kg/m® (3a BO) m 2120 kg/m® (3a BK).
TeopeTnyHata cneumdmryHa NABTHOCT Ce u3uMcnym no ¢popmynaTta 3a cMecute, B KOATO ydacTBar
mMacara ¥ cneumduyHa NAbTHOCT Ha BCEKM KOMMOHEHT, KaTo Tasu nnbTHocT 3a BO e 2307 kg/m3, a 3a
BK — 2200 kg/m3. ToBa 03Ha4aBa, Ye NopbO3HOCTUTE Ha ABaTa Buaa 6eToHa ca NpakTUYecKn eHaKBU
-3,3% 1 3,6 %.

Tbl kaTo pasMepbT Ha kybyetaTa He e c pasmepu 150/150/150 mm wn B3Mmanku nopg
BHMMaHWE N HayMHa Ha CbXpaHsiBaHe Ha MpPoOHUTE Tena, SIKOCTTa Ha HAaTUCK Ce U3YMUCIN CbINacHo
BOC EN 206:2013+A1:2016/NA:2017 no cdopmynara:

F

1) f.=K;.K,—,

c

kboeto: F € MakcuMMarnHusi ToBap npu paspyLlaBaHeTo;
Ac € MroLiTa Ha HanpPe4YyHoTO cevyeHne Ha NPOBHOTO TAMO, BbPXY KOATO AeWCTBa cunaTa
Ha HaTMCK, M34McCneHa no n3bpaHnte pasmepu Ha NPOBHOTO TANO;
Kt € KOPEeKUMOHEH KoedUUMEHT 3a BNMUSHMETO Ha cdopmMaTta M pasmepa Ha NpoOHOTO
TANO;
Ks € KoedVLMEHT, KOWTO OTYMTa YCMNOBUSTA 3a CbXpaHeHWe Ha NpobHUTe Tena.
KopeKUuMOHHUAT KoedUUMEHT 3a u3nonssaHutTe KybuuHm npobHu Tena e Ki = 0,95, a Ks = 1,
TbW KaTO CbXpaHeHneTo Ha TenaTta 6e no BAC EN 12390-2:2009, kato Ks = 1 3a u3nutBaHe cnepg
HarpsiBaHe. [laHHWTe 3a M34ncneHaTa SKOCT Ha HaTuck fe Npu pasnuyHu TemnepaTypu e nokasaHa B
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Tabn. 1. B Tasu tabnuua e onpegeneH u KOEMUUMEHTHT HA pPedyKuMst Ha SKOCTTa Ha HaTUCK Yt Npu
onpedeneHa TemnepaTypa no opmynara:

2 YT =

kboeTo: f.20 € AkocTTa Ha HaTuck Ha B6eToHa npu ctariHa Temnepatypa (20 °C);
for e sikocTTa Ha HaTuck Ha 6eToHa npu TemnepaTypa T.

M3aMeHeHMeTO Ha SKoCTUTe Ha HaTtuck fer M koeduuueHTUTE Ha pedykuMs Ha SKOCTTa Ha
HaTUCK YT, onpegenexHy Npy pasnuyHa TemnepaTtypu, Ha npeactaBeHn Ha dur. 1.

Mpn 20 °C akocTTa Ha HaTUCK Ha obukHoBeHMs GeToH e 34,5 MPa, a akocTTa Ha HaTUCK Ha
6etoHa ¢ kepamudeH PEOM e 26,4 MPa. ToBa o3HadaBa, 4Ye Wn3non3saHus OOUMKHOBEH OETOH e
BEPOATHO Knac no sikoct Ha Hatuck C 25/30, a 3amecTtBaHeTo Ha 20 wt % ectectBeH E[M c
kepamnyeH PEJIM Hamansiea Heroeusi knac go C 20/25 nnmn C 16/20. To3n n3Boa ce NpuUNokpuea ¢
nogtoyka NA.E.3.1 (1) Ha BC EN 206:2013+A1:2016/NA:2017, koaTo noctaHoBsBa, 4e E[AM morat
[a ce 13nonaear 3a Npon3BOACTBO Ha BETOH C Knac no SKOCT Ha HaTuck go C16/20.

40 -
[.» MPa
35
30 -
25

20 -

15

10
024 —a— 0bukHoeH BetoH (BO)
—e— BetoH ¢ POM (BK)

v ' b 1 1 T 00 T & T T 1
0 200 400 600 800 0 200 400 600 800
Temneparypa, °C Temneparypa, °C

®ur. 1. M3ameHeHne Ha AKOCTTa Ha HaTUCK , fc1, n KoeduumneHTa Ha pegykuua
Ha SIKOCTTa Ha HaTuUck, yt, Ha 6eToH ¢ ectectBeH E[JM (BO) n 6etoH ¢ PEOM (BK)
npu NoBWLLABaHE Ha TemnepaTypu

C yBenuuaBaHe Ha TemnepartypaTa SKOCTTa Ha OeToHWTe HamansBaT KaTo CTOMHOCTMTE 3a
0OMKHOBEHUS GETOH ce npunokpuBaT C TabnuMyHWTE OaHHWM 3a 6eTOH C BapoBMKOBM A06aBBYHM
maTtepuanu, gageHn B BOC EN 1992-1-2:2005 EBpokog 2: [MpoekTupaHe Ha OETOHHU U
CTOMaHODOETOHHM KOHCTPyKuMmn. Yact 1-2: O6wm npasuna. MpoekTupaHe Ha KOHCTPYKUMM cpeLly
Bb34EeNCTBUE OT noxap. TabnuyHnTe CTOMHOCTY 3a Yt B XapMOHU3MPaHWUa CTaHAapT 3a NpoekTupaHe
Ha GeTOHHM M CTOMaHOOETOHHM KOHCTpyKkumm ca 0,74 (npu 500 °C) u 0,27 (npu 800 °C), gokato
nony4yeHnTe cToMHOCTM 3a GeToHa c ectectBeH EOM ca: 0,73 (npu 500°C) u 0,33 (npmn 800 °C).
CbOTBETHUTE CTOMHOCTM Ha Yyt 3a GeToHa c kepamumdeH PEOM ca: 0,92 (npu 500°C ) u 0,39
(mpun 800 °C). Te3n No-BUCOKN CTOMHOCTM MoraT Aa ce 0BSACHAT C NMo-HUCKaTa SIKOCT Ha KepaMuyHuTe
KepeMuau, KOSiTO BEPOSITHO NIMMUTUPA AKOCTTa Ha HaTUCK Ha BeToHa.
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lpobu, Haepemu u pa3pyweHu ripu 200 °C

lMpobu, Hazpemu u paspyweHu ripu 500°C

lpobu, Hazpemu u pa3pyweHu rpu 800°C

®ur. 2. MakpocTpykTypa Ha 6eToHHM Npobu, pa3pyLueHn Npu pasnuyHa Temnepartypa: a), B) u a) 6etoH 6e3
peunknupann 0ob. matepuanu; 6), r) u e) 6eToH ¢ peumknupaHn JobaBbYHU MaTepuanu

Mpun 500 °C skocTHWUTE Ha OBaTa GeToHa ce M3paBHsIBAT, KOETO O3Ha4aBa, Ye SKOCTTa Ha
HaTUCK LUMMEHTOBUS KaMbK W Ce € Hamanuna nof sKocTTa Ha HaTUCK KepamukaTa (kepemuaeH
oTnagbk). Mo CblWwMA HayMH BEpPOATHO OTHOCUTENHO ronamoTo HambneaHe ¢ POM (20 wt%) He
no3sonsiBa fa Ce MposiB edekTa Ha Jieko MOBMLIABAHE Ha $IKOCTTA Ha HATUCK B MHTepBana
100-200°C, konTO Ce OAbiMKKN B pe3ynTaT Ha HaMmansiBaHe Ha o6eMa Ha NopuUTe OT 3bpHa M YacTuum C
yBennyeH obem (BO He e n3nuTBaH B TO3M TeMnepaTypeH UHTepBarn).

HabniopeHus Ha cTpyKTypaTta Ha uscnegBaHuTe 6eToHU

CTtpykTypata Ha wuscnegBaHuTe 6eToHM e npeacTaBeHa 4pe3 CHMMKOB MaTtepuan Ha
MakpocTpykTypaTta (dur. 2) n mukpoctpyktypata (¢ur. 3) Ha 6eTOHHM Npobun, KOUTO ca HarpsiBaHu U
paspylaBaHM Npu pasnuMyHa TemnepaTtypa. FICHO MOXe [a Ce OLUeHW, Ye C HapacTBaHe Ha
Temnepartypata O6eTOHbT MPOMEHSI CBOS LIBSAT, KOETO CE ObIDKM Ha MUHECTUTE YacTuuW, KOUTO ca
BHECEHU B HETO Ype3 MsChKa.
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lMpobu, Haepemu u paspyweHu npu 200°C

% "
|

lMpobu, Hazpemu u paspyweHu ripu 800°C
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®ur. 3. MukpocTpykTypa Ha 6ETOHHN NPOBU C KEpPaMUYHU PeLMKIMpaHn
[06aBBbYHN MaTepyanu, paspyLleHn Npu pasnuyHa Temnepartypa:
a), 6), o), e), n) n ) — ygenudenue 20x; B), ), X), 3), K) U N) — yBenuyeHne 80x

PaspyweHusaTa B npobHute Tena, nanutanu npm 200°C ca npegnmHo B KpauwaTa n pbboseTe
Ha kyba, npe3 kepemuaeHusa PEOM un otyactu npes ectectsenus EAM (dwr. 2a n 26). OTHOCHMTENHO
HUCKMTe TemnepaTtypu Ha HarpsieaHe (go 200 °C) He BOAAT A0 obGpasyBaHe Ha MyKHATUHU B
uumeHToBuA Kambk (LIK) (dour. 2a, 3a n 36). He ce Habntogaeat nykHaTtuHn mexay LIK n gpobaBbyHMTE
MaTepuanu, KoeTo onpegens, ye Ao Tasn Temnepartypa agxesunsaTta mexay UK v EOM n PEOM He ce
Hapywasa. PaspyweHueto Ha BK oT HaTtoBapBaHe Ha HaTuck e npe3 PE[M, koeTo noTBbpxaasa
3akntoveHuneTo B T. 4.1, ye kepammyHnat PEJM e onpefensuwio 3a HUCKaTa SIKOCT Ha HATUCK Ha To3n
0eToH, B cpaBHeHue ¢ BO, B koliTo HAmMa PE[M.

O6paboTkaTa Ha CHMMKOBMS MaTepuan Ha npobu HarpeTu u paspyweHn npu 500 °C nokassa,
Yye cbliecTByBa fobpa agxesns mexay LMMEHTOBMS KaMbK 1 gobaBbyHuTe MaTepuanu. OTtyactu ca
3anoyHanu ga ce copmmpaT NyKHaTMHU, HO Te Ca B CBOS HadaneH ctagun Ha passuTtue. He BCUYKM
paspylieHus ca npes ectectseHns EM. OT paspylieHuTe npm n3nnTBaHETO Ha HAaTUCK NPOBHM Tena
cBobogHO M3nagaT 3bpHaTa, KOeTo nokas3Ba 4ve KbM Ta3u Temnepatypa LK ce e obessogHun u
3anoyHan ga ce cama. OT gpyra cTpaHa 3bpHaTa Ha E[JM un vyactn Ha LIK yBennyasat cBos o6em,
KaTo Te3n npouecu BoadaT Ao 3aryba Ha agxesus mexay UK v EOM. Tosn Tvn paspylweHus He ca
TONKOBa SAACHO M3pasenn B 6eToHa ¢ PEOM (cdwur. 3 a-x). BeposatHo npu 500 °C koedumumneHTUTe Ha
NUHENHUTE TEepMUYHWU paswupeHuss Ha LK n kepamuyHma PEOM ca npubnusutenHo egHaksu
(cpur. 3e n 33).

Mpn 800 °C ocBeH Ye LMMEHTOBUSA KaMbK € CUMHO NOTBbMHSAM, MOBBbPXHOCTTA Ha YacTULMTE Ha
ectectBeHuss E[JM e Osana. ToBa e npu3Hak 3a NpoOTekna peakuuss Ha pJekapOoHu3aums Ha
BapoBukoBua EAM. Yactnumnte Ha E[JM cBoGogHO n3nagart ot paspylweHus 6eToH (dur. 24 u 2e),
pokato Tean Ha PEIM ca Bce ouwe CBbp3aHM C LMMEHTOBUS KaMbk. HabniopgeHusaTa Ha
MUWKPOCTPYKTypaTa nokasBsar, 4e npu Ta3u BUCOKa TemnepaTypa B MaTepuarna Bede ca ce hoopmmpanu
NyKHaTUHKW, ObIXalmM ce Ha peakuumn Ha pasnaraHe B LIK v pa3nukn B koeduUneHTUTE Ha NUHENHUTE
TEPMUYHU pa3LLIMPEHNST HA KOMMOHEHTUTE MPU BUCOKUTE TemnepaTypu.

N3Boan

lMpoBeneHOTO M3cnegBaHe Ha GETOH C MakCMMarHO AOMYCTUMO 3aMecTBaHEe Ha €CTEeCTBEH
EOM c peuuknupaH EOM oT kepemugu nokasa, 4Ye TOBa HAMa Ada AoBefe OO0 M3MEHeHWsa Ha
TEXHOMOorMsaTa Ha n3rotTesiHe Ha GeTOHHUTE cMecn u hopMMpaHaTa CTPyKTypa Ha BTBbpAeHUs1 6ETOH.
BucokuaT npoueHT Ha 3amecTBaHe Ha ecTecTBeH E[IM we gosefe Ao HamanaBaHe Ha Krnaca no SKOCT
Ha HaTWCK Ha BETOH, HO CbLUEBPEMEHHO LLe Nogobpu HeroBaTa TOMIOYCTONYMBOCT.

310



BnarogapHocTu

ABTOpUTE U3Ka3BaT cBosTa BnarogapHoCT 3a hmHaHcoBaTa nogkpena Ha [enaptameHTa no
npupoaHn Hayku, Jllabopatopus no xumus (M®) B HBY n Ha Kategpa ,YnpasneHue Ha 6e3onacHocTTa
n npeseHuns®, Jlabopatopua ,MexaHuW4HM M3NUTBAHMSA Ha CTpouTenHu Mmatepumanu® B Akagemus
Ha MBP.
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Knroyosu ayMU.' 8aposuKos omnaodbk, oriosi3omeopsieaHe, rno4eeH nodoGpumen

Pe3rome: [JbpxasHama rnonumuka no yrnpasneHuemo Ha omnadbyume npedcmassisisa Cb8peMeHHa
KOHUenuyus 3a pecypcHa egheKkmueHocm, HacoyeHa KbM rpedomepamsieaHe Ha obpa3yeaHemo Ha omnadbuu,
Hacbp4asaHe Ha rnoemopHama yrompeba U 0MoOI30MBOPSIBAHEMO Ype3 peyuKIupaHe, peceHepupaHe unu opye
pouec Ha ussnu4yaHe Ha 8MOPUYHU CypO8UHU, obe3spexdaHe u be3onacHO CbxpaHsieaHe Ha ommnadbyume,
yeenuyasaHe Ha Omeo8OpHOCMMAa Ha npoussodumenume, CMUMYSUpaHe Ha UH8ECMUUUU 6 cekmopa, 8
pamMKume Ha Haau4yHUme ¢huHaHco8U UHCMpPyMeHMU.

Baposukbm e eOHa om Hal-WUpoKo u3nonssaHume e cmpoumesicmeomo ckanu. OceeH 8 ecmecmeeH
8u0l, 8aposUKbM ce U3Mon3ea 3a UHOycmpuasHO npou3sodcmeo Ha HezaceHa U 2aceHa eap, 8ba/iepodeH
Ouokcud u KanuyuHupaHa coda, kakmo u ce dobaes rpu npoussodOcmMeomo Ha 4yayH om kucenu pyou. Bcuyko
moea eo0u 0o sucok 0obus u nocnedeawa npepabomka, Koemo e c8bp3aHo C obpa3ysaHe Ha zonemu
Konuyecmea omnadbyu Ha OCHO8ama Ha 8apOBUK.

B paspabomkama ce pa3anexda 8b3MOXHOCM 3a yCmoU4ugo 0r1o130meopsisaHe Ha 8apOBUKO8 LWiam
u 6uomaca om nmuueghepmMu Kamo U3MOYHUK Ha XpaHUumesiHu efieMeHmu u cmpykmypornodobpsisaly azeHm.
U3zeomeeHu ca cmecu, koumo Moeam Oa ce u3rosizeam 3a obozamsieaHe Ha roYseHus ciioll ¢ Heobxodumume
XpaHumesnHu efeMeHmu 3a no-0obpo pa3sumue Ha pacmeHusima.

Om niposedeHume uscriedsaHusi ce ycmaHosu, Yye docmambyHa SKOCM Ha Hamuck Ha mabrnemume
Moxe Oa ce rocmueHe 8 WUPOK Ouana3oH Ha U3SMEHEeHUe Ha HavajHama eraea, koemo 00fycka WUPOKO
gapupaHe Ha CbOMHOWeHUe Mex0y U3Mon38aHUmMe KOMMOHEHMU — 8aposukog omnadbk U omadbyHa
buomaca. Cmecume npumexasam kadecmea Ha nodobpumernu u mosa e dobpa npedrnocmaska 3a MIxXHOMo
MOMeHYuanHo Uu3non3eaHe.
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