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OIL SPILL DETECTION IN SAR SATELLITE IMAGES:
A REVIEW

IRINA GANCHEVA

Department of Meteorology and Geophysics

Hpuna I'anuesa. PASTIOSBHABAHE HA HE®TEHU PA3JIMBU HA SAR-CITbTHU-
KOBU U30BPAXXEHUSA: OB30PHA CTATUA

AKIIEHTBT Ha Ta3u 0030pHA CTaTHs € Mperiie/l Ha pa3iIMyHU TEXHUKH 32 aBTOMATUYHO OT-
KpuBaHe Ha He(TEHH Pa3JIMBU OCcpeacTBOM aHanu3 Ha SAR-(pasap cbC CHHTETHYHA arepTy-
pa) CTBTHUKOBH M300pakeHHs. Pa3riexna ce Gu3muecKoTo mopeaeHne Ha HeT BEPXY BOIHA
MOBBPXHOCT M HETOBUAT €(DEKT BHPXY OTPa3eHHUs WIM M3IBbUCHHS CHT'HAJ, KaTo ce MpeacTa-
BAT U Pa3IMYHI METOAU 3a MIHpokoMamadHo HabmoneHne Ha okeana. OObPHATO € BHUMaHHE
Ha BB3MOXKHOCTHUTE 3a ONEPaTHBHO BHeApsiBaHe. SAR-ceH3opure ca pasmienaHu HOAPOOHO.
O06001IeHn ca oCcIeI0BaTeIHUTE CTHIIKA B pa3pab0TBaHETO Ha aBTOMATUYEH aJTOPUTHM 3a
OTKpHBaHE Ha HEQTEHH Pa3JINBH.

Irina Gancheva. OIL SPILL DETECTION IN SAR SATELLITE IMAGES: A REVIEW

This article examines different techniques for automatic detection of oil spills using
Synthetic Aperture Radar satellite images. The physical behavior of oil on water surface and
its effect on the reflected or emitted signal is reviewed and different methods for large scale
oil spill ocean monitoring are presented, discussing in particular their operational use. The
SAR sensors are reviewed in details. The different steps in the development of an automatic
algorithm for the detection of oil slick are described in details.
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1. INTRODUCTION

The environmental hazard of oil for the marine system has been studied and
known for long time [1] and still oil spills are observed relatively often due to
accidental or deliberate oil discharges. Some of the big oil pollution accidents such
as the Deepwater Horizon spill in the Gulf of Mexico in 2010 or the Prestige tanker
near the coast of Galicia in 2002 have attracted significant media interest and social
outrage. Even though according to ESA accidental discharges hold only 7% of the
oil pollution and operational discharges from tankers in rivers and oceans sum up to
80% of the oil spills [2]. Unfortunately in most cases they remain not traced.

There are various methods for ocean surface monitoring however the
spaceborne remote sensing has proven to be one of the most efficient because of the
large range of provided spectral information, great accuracy and high frequency of
provided data. The identification of an oil spill, its extent and the type of the spill —
if crude or natural oil — can be gained by this type of monitoring. The combination
of this information with airborne monitoring can provide additional evidences
about the pollutant. Very often it is necessary to analyse data from different sensors
and wavelengths in order to discriminate between alga blooms, look-alikes and
man-made slicks. The calculation of a set of features, such as contrast, shape,
homogeneity and slick surroundings can contribute with additional clues for the
detected object and thus support to distinguish actual oil from look-alikes. These
procedures could significantly reduce the false alarm ratio for the automatic oil
spill detection.

Synthetic Aperture Radar (SAR) compared to other methods remains the most
efficient satellite sensor for oil spill detection exploring large areas regardless
daytime and weather conditions. These type sensors provide regularly data and can
detect even small amounts of oil without the need for good image resolution. The
satellites equipped with SAR deliver data from different frequency bands, making
it useful for various environmental purposes. This method presents also some
limitations: it does not deliver information for the oil thickness and type. Some
problems appear also due to the wind and water interaction.

Other space- and airborne methods for oil spill detection include visual,
infrared and ultraviolet remote sensing, laser fluorosensors, microwave radiometers
and scatterometers. All of them are useful and partly advantageous compared to
SAR, however so far they have had only limited success for accurate, regular and
spacious ocean monitoring.

Some good reviews on oil slick detection making use of different monitoring
methods have been already published. Fingas and Brown [3] have done an excessive
study on the different methods for detection of oil and on discussing their advantages
and disadvantages. Another major focus in their review is the description of the
techniques for slick thickness measurements and for detection of oil in the whole
water column and on the sea bottom.



Solberg's review [4] is a very valuable read with a main focus on SAR and
space borne-based detection methods, discussing also manual and automatic
detection approaches.

Alpers et al. [5] reviews the behaviour of different oil types on sea surface
and presents some discrimination methods such as statistical approaches, using
differences in the dielectric constant and polarimetric parameters.

Topouzelis [6] presents a study on oil slick monitoring using SAR images
with a focus on the semi- and fully automatic methodologies for their detection. A
special advantage of this review is the comparison between different dark object
classification methods and their operational advantages and disadvantages.

Gens'review [ 7] covers different applications of SAR images for oceanographic
purposes such as ocean wave imaging, ocean currents, sea-floor topography, oil
spill and ship detection, wind speed, rainfall and others.

2. PHYSICAL BACKGROUND

There are different methods for oil spill monitoring depending on the sensor
type being used. In order to estimate their theoretical feasibility the optical properties
of oil and water should be considered first.

Measurements of the oil/water reflectivity and relative absorbance for different
wavelengths have been done, however not across the whole spectrum and with
limited accuracy [8—11]. In the review of Fingas and Brown [3] is presented a
generalized summary of different measurements, coming to the conclusion that
the oil/water reflectivity and relative absorbance have very similar behaviour for
different wavelengths ranging from 200 to 1100 nm. The similarity in the properties
of both media leads to the conclusion that considering only the visible spectrum
would not be sufficient to firmly distinguish oil.

The visible remote sensing uses radiation with wavelength of 400—700nm and
in this range oil has slightly higher surface reflectance than water. Nevertheless
the absorption/reflection differences are rather small and usually not sufficient
to clearly distinguish oil from water [12]. The use of polarized lenses has the
potential of enhancing the visibility of oil and some authors investigate this effect
[13], however a major difficulty for the visible remote sensing remains the issue to
reduce the sun glitter, which might be confused for oil sheens [14, 15].

The biggest limitation for the visible remote sensing is the need for clear skies
during the overpass, which is rarely the case. For the implementation of oil spill
detection algorithms long time series of data are to be analysed, which is hard to
be obtained considering the overpass period and the problems with the collection
of usable data.

The use of infrared signal for the detection of oil slicks relies on the thermal
properties of oil. It heats up faster than water and thick oil films absorb the
solar radiation. Afterwards a portion is re-emitted as thermal energy and can



be distinguished from water by its higher temperature. Thus thick oil films will
appear hot, those with intermediate thickness are cool and thin films cannot be
detected by this method. Some studies have investigated the effect of thickness
on the temperature and conclude that the minimum detectable layer is between
10 and 70 um [3]. The exact reason why intermediate layers appear as cool is
not completely understood, however the authors make a hypothesis about the
destructive interference of thermal radiation waves.

An important limitation of the infrared detection technique is the fact that the
longer oil stays on sea surface, the more it mixes with it and in general the emulsion
cannot be detected with infrared sensors [16]. The reason is that the thermal
conductivity of the emulsion is quite similar to the one of the ambient. It should be
also mentioned that infrared scanning at night-time presents lower contrast of the
images compared to daytime results [17], thus the operational use of that method
is difficult. In addition, the sediments, seaweeds or other organic matter, shoreline
and oceanic fronts interfere with the infrared signal. In conclusion, there are several
major disadvantages of the infrared remote sensing for oil spill monitoring, which
make it an unfavourable choice for the operational use.

Another technique for oil spill detection is analysing the images in the ultraviolet
spectral band. In this range of the electromagnetic spectrum oil is highly reflective
even for layers thinner than 0.1 um. Earlier studies combine ultraviolet and infrared
images to produce relative thickness map of oil slicks. However, ultraviolet signals
are also affected by sun glints, biogenic material or wind slicks [18], which is a
major limitation. This method is not widely used today due to the unimportance of
the oil thickness when taking counteractions.

Another recent technique makes profit of laser fluorosensors. It is based on the
excitation of some electronic states in the aromatic compounds in petroleum oils
after absorption of ultraviolet light. These states release energy through fluorescence
emission in the visible spectrum range [19-21]. The emitted radiation is of specific
wavelength and can distinguish oil from other biologically active materials. Another
benefit is that the detected signal provides information about the oil types. On the
other hand, the major limitation is that this type of sampling is done with aircrafts
and thus is rather inconvenient for large ocean areas.

Using microwave radiation for ocean monitoring can be done in two ways —
with active and passive microwave sensors. For the purpose of oil spill detection
the active remote sensing has proven to be more effective, as the passive sensing is
dependent on weather conditions and daytime.

The passive microwave sensor measures the reflected space radiation, detecting
the difference in the emissivity factor for water (0.4) and for oil (0.8) [22].



Fig. 1. A SAR image from Baltic sea. The dark objects marked with the white arrows
are oil spills and the other dark formations are look-alikes; image from [4]

Additionally, the change of the signal with the oil film thickness provides a tool
for measuring the spill thickness. A serious disadvantage is the unsatisfying spatial
resolution, in the range of tens of meters for a radiometer. Some extensive studies
on the usage of passive microwave sensors have been presented in [23-25].

The remote sensing in the microwave spectrum range in active mode is well
studied and widely spread method, providing good results. The active microwave
sensor, better known as radar, is widely used for ocean and land monitoring. It sends
signals in the microwave range and by the detection of their reflectance amplitude
and phase, one can examine the objects or landscape on the way. The resulting
radar image of ocean surface is known as sea clutter, because the capillary waves
reflect the incident radar signal and produce a bright image. On the other hand oil
on the sea surface dampens the capillary waves and an oil slick appears as a dark
area in the bright ocean [26]. Similar effect of damping the waves and receiving
a dark spot on the ocean surface is gained by fresh water and wind slicks, glacial
flour, biogenic oils and sea weeds, calming the water above them [7]. Extensive
studies and classification of these and other look-alikes have been accomplished,



considering that they are the key for the dislocation of oil spills and false alarms.
Still the percentage of false detected dark spots is around 20% [27].

Fig. 1 is an example of how oil spills and look-alikes are visible on a satellite
images and it is a SAR image from the Baltic sea. The dark objects indicated with
white arrows are actual oil spills and the other dark formations correspond to look-
alikes. With this the challenges for the correct classification become obvious.

An important advantage of the active remote sensing technique is its
implementation regardless weather conditions and daytime since its operation is
not based on visible light and the water molecules in the air do not reflect the signal.

Radars used for military purposes are not useful for oil spill detection as they
remove the clutter signal, essential for oil monitoring. The radars, which deliver the
best information for environmental remote sensing, are Synthetic Aperture Radar
(SAR) and Side-Looking Airborne Radar (SLAR). The images, produced by SAR
are with a better resolution and greater range, making it the better option for ocean
monitoring. An extensive comparison between SAR and SLAR is done by [28].

SAR radars send signals at different wavelengths, making them useful for various
purposes. The frequency and the polarization of the SAR sensor have a significant
impact on the detectability of oil slicks. The different SAR bands correspond to the
wavelength of the transmitted signal — X-band (2.4 — 3.75cm), C-band (3.75-7.5cm),
S-band (7.5-15cm), L-band (15-30cm) and P-band (30—100cm).

The accurate measurement of the surface roughness is the key for detecting
anomaly patterns on sea surface with SAR. An adequate choice for the wavelength
of the transmitted signal A is essential, because the backscattered signal will be
modified by the surface roughness at the same scale as A . Kim etal. [29] has examined
the expected dampening of the return signal as a function of the wavelength and
showed that the dampening ratio of the X-band is higher than that of the C-band for
fixed incidence angle and wind speed. The high ratio between the transmitted and
the dampened signal is an indication for the presence of oil. For oil spill detection
different studies have shown that the X-band delivers best results, followed by
C-band and L-band [29-31], as the first two have approximately the same scale as
the Bragg waves. For large incidence angles 6 =20° — 60° the scattering mechanism
at the ocean surface can be described with the Bragg scattering theory due to the
wavelength of the capillary waves which is about a couple of centimetres [32].
Using the L-band has proven to be the most inefficient one as the Bragg waves
don't resonate with the incident signal causing much smaller dampening of the
backscattered wave [33].

The polarization of the SAR signal plays an important role as well. There
are horizontal (H) and vertical (V) polarization and the possible combinations of
transmitted and received signal are HH, HV, VV and VH. There are studies analysing
the quality and usability of the different polarization combinations [4, 34, 35]. For
airborne radars the V'V polarization provides the best results, however all combinations
are reasonable to use. The HH polarization is suitable for ship detection, meaning that
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combined observations usually deliver better results. In the last decade research on
polarimetric SAR data has proven to deliver good results for oil spill detection [4, 36,
37]. In this case the polarimetric SAR sensor collects data of all combinations — co-
polarized (VV and HH) and cross-polarized (VH and HV).

3. SATELLITES

The Synthetic Aperture Radar (SAR) is an active method for Earth observation
and topography monitoring and more specifically their variations in time. A high
resolution image of the examined surface can be obtained by analysing the intensity
and phase of the received signal compared to the transmitted signal, as long as the
scanned objects remain stationary over the scanning period of time. Alternatively
the principle of SAR functioning can be explained by considering the Doppler shift
of the echo signal. The vertical position of the objects can be determined comparing
the upshift and downshift of the echo signal.

Tremendous reviews with information about the construction principles and
function of SAR are presented in [38, 39].

For the in-depth understanding of SAR some geometrical definitions should
be considered, as presented in figure 2. The SAR antenna is moving parallel to
the Earth surface and vertical to the radar beam and its exact position is known at
any time. The along track direction of the antenna is referred as azimuth or cross
range and the perpendicular one — range or cross track. The footprint is the land
piece scanned at the present moment and the swath is the land strip along which the
antenna is moving. The swath width can vary from few kilometres up to 20 km for
an airborne SAR and from 30 to 500 km for a spaceborne SAR.

The azimuth resolution 5, of a SAR is given by the construction specification
of the synthetic aperture or the path length during the echo signals form the target
is received by the radar. It can be calculated using

d
o,=1,0 =r, A =2
2L, 2

with the factor two in the denominator because of the two-way path of the signal,
r,— the slant range distance, ® =Md_ — the virtual beam width, A the radar signal-
wavelength, L , — the synthetic aperture length and d — the antenna’s length [38].
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Fig.2. SAR geometry with illustration of some of the basic SAR terms; r, is the slant range,
@a — the azimuth beam width, and v is the sensor velocity; from [39]

The first approaches for ocean monitoring for oil spills emerged with the
data, delivered by ERS, ENVISAT ASAR and RADARSAT-1. Later the launch of
RADARSAT-2, TerraSAR-X, COSMO SkyMed and SENTINEL-1 brought new
imaging modes and high resolution data on regular basis for the ocean monitoring [4].

Earlier the ENVISAT data was mostly used for the operational oil spill
detection till the end of the mission in 2012. Afterwards its place have been taken
by the SENTINEL-1A mission launched in April 2014 and 1B launched in April
2016. There is a lot of information about the SENTINEL missions on the ESA
official website [40].

The two SENTINEL-1 satellites are identically constructed and have near-polar,
sun-synchronous orbit with 12 days repeat cycle for each satellite, making a 6-day
revisit time for the European land and sea area. They share the same orbit plane
with 180° orbital phasing difference. The satellites use HH-HV or HH polarization
for monitoring the polar and sea-ice areas and VV—-VH or VV polarization for the
other land and water observations. The planning of European Space Agency is to
launch SENTINEL-1C and SENTINEL-1D in 2021 and 2023 respectively.

The SENTINEL-1 mission has a single C-band synthetic aperture radar
instrument working at a central frequency of 5.405 GHz and programmable
bandwidth of 0—100MHz. It operates in four exclusive acquisition modes — Stripmap
(SM — used only on request for extraordinary events), Interferometric Wide swath
(IW — main operational mode for most service requirements), Extra-Wide swath
(EW) and Wave mode (WV). Table 1 summarizes the important information for the
SENTINEL-1 acquisition modes and figure 3 pictures the SENTINEL-1 product
modes visually.
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Fig. 3. Operation modes for SENTINEL-1A and B satellites, from [40]

Table 1. Operation modes of the SENTINEL 1 satellite mission, from [40]

Mode Incidence | Resolution Swath Polarization
Angle [deg] [m] Width [km]

Stripmap 20-45 5%5 80 HH-+HV, VH+VV, HH, VV
Interferometric 29-46 5%20 250  HH+HV, VH+VV, HH, VV
Wide swath
Extra Wide swath 1947 20x40 400 HH+HV, VH+VV, HH, VV

22-35
Wave 5x5 20x20 HH, VV

35-38

The SENTINEL missions are of a particular interest for the research community
due to the free access to the data base. The website of the Copernicus Open Access
Hub [41] provides data from the SENTINEL-1, 2 and 3 missions freely after a
short registration. Satellite images gained on different bands, with great accuracy
and spatial resolution are provided on weekly basis, opening new opportunities for
non-commercial research.

The TerraSAR-X mission is a German satellite mission launched by DLR in
June 2007 with scientific and commercial purposes. Its lifespan was planned for
5 years, but more than 10 years after the launch, it is still operational. The high
resolution images of the mission are used for hydrology, geology, climatology,
oceanography, cartography, environmental and disaster monitoring. The SAR
antenna in flight attitude points at 33.8° off nadir. It runs on a sun-synchronous
circular down-dusk orbit with a revisit period of 11 days. It is equipped with a
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X-band SAR antenna with 31 mm wavelength or a 9.6 GHz frequency. The spatial
resolution is 40 m and the coverage is up to 270x200 km? making it suitable for
observation of even small oil spills. It is also particularly useful for ship detection.

TanDEM-X is the follow-up twin mission of TerraSar-X, launched 3 years
later, in June 2010. It has a high vertical accuracy better than two meters and
together with TerraSAR-X it is from the first configurable synthetic aperture radar
interferometers. TanDEM-X flies in close formation to TerraSAR, only couple of
hundred meters apart, monitoring the Earth from different angles. More information
about the missions can be found on the official DLR-website [42].

The satellite RADARSAT-2 was launched by the Canadian Space Agency
in December 2007 and is still actively monitoring the Earth. It is a commercial
mission, enhancing marine surveillance, ice monitoring, disaster management,
environmental monitoring, resource management and mapping. RADARSAT-2
is equipped with a C-Band active antenna with centre frequency of 5.405 GHz
and bandwidth of 100 MHz. On the website of CSA there is some more valuable
information about the mission [43].

4. ALGORITHMS

With the growing amount of satellite data over different ocean and sea regions
worldwide the possibilities for marine monitoring have increased dramatically.
The manual image processing is time consuming and requires the availability
of skilled operators which is significant limitation for the process optimization.
Considering that a fast reaction is crucial for undertaking adequate counteractions,
the importance of an automatized process for oil spill detection arises.

For the automatic detection of anomaly sea patterns, or dark objects as they
appear on SAR images, there are certain procedures during the image processing
which should be done in order to detect spills.

The first step when working with raw SAR data is always the pre-processing
of the image. This includes image calibration, land masking and speckle reduction.
These steps enhance the visibility of dark areas and make the distinction of their
borders easier. Secondly, the dark spots are detected and isolated in a segmentation
process. There are different techniques however mostly this is done using
thresholding. In the third part of the detection algorithm a set of features is extracted
and calculated for the detected dark objects. The classification process is the last
step and it strongly depends on the information gained by the previous two steps.
An extensive archive of correctly classified dark objects for training the algorithms
and information about the local meteorological conditions is a helpful contribution
for distinguishing between actual oil spills and look-alikes.
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The image segmentation and feature extraction are the most important steps for
the automatic oil spill detection. If here a dark area is not detected or the features
lead to misleading conclusions an oil spill can remain undetected.

The dark formation identification is the first crucial step in oil spill detection.
For the automatic approach a threshold algorithm, adaptive or not, can be applied.
An early attempt of this technique is presented in [44], where the bimodal
histograms in a set window is analysed. It was proven as a good procedure for thick
spills; however the thin spills remain undetected. A similar approach was presented
in [45], where a comparison between bimodal histogram method and adaptive
thresholding is presented. Later it was shown that bimodal histogram provides
decent results [46]. This algorithm was firstly developed for RADARSAT-1 SAR
data and it spatially averages the image before applying an adaptive thresholding.

Simple thresholding algorithms use one value for the whole image and all pixels
are compared to it. This value is usually one half of the average Normalized Radar
Cross Section (NRCS) of the image or NRSC minus the standard deviation [47].

The adaptive thresholding uses a threshold value, which is calculated locally
for areas covered by a moving window. Solberg et al. [48, 49] uses a threshold value
of k dB below the mean value of the moving window. The value of k is calculated
using a multi-scale pyramid approach and a clustering step. Karathanassi et al. [50]
uses a fully adaptive value to local contrast variations. The technique of hysteresis
thresholding was firstly described by [51]. It detects the edges of Gaussian-smoothed
image and linear dark formations are successfully detected [52].

Another method based on the Laplace of Gaussian (LoG) and Difference
of Gaussian (DoG) operators are presented in [53]. Firstly the original image is
reduced by a unit of 2 by 2 pixels and multilayer images with decreased effect of
noise and sea clutter are created. For the detection of dark areas the LoG derivative
operator is applied. The sharpness of the oil spill shape is measured with a first
order derivative operator — DoG. This effect is notable because water and oil are
electromagnetically different. This makes the gradient of the image grey value on the
water-oil boundary different. The wavelet packet transformation is a segmentation
technique proposed by Liu et al. [54] and its linear feature detection scheme with
LoG-operator as analysing wavelet. It is analogous to Fourier transformations, but
localized in frequency and time. For the transformation are selected areas with
multiple histogram peaks and for the extraction of small scale features is taken an
edge detector wavelet transformation [54, 55]. The 2D wavelet transformation is
highly efficient bandpass filter and can separate various scale processes delivering
phase/location information in SAR image. It is good for near real-time screening of
satellite data, data reduction and image enhancement.

The fussy clustering is a method where for each pixel a function is selected,
which measures how much the pixel belongs to a certain value. Afterwards the
Fuzzy C means (FCM) algorithm is applied and a pyramid structure is used to
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find membership values. The uncertain pixels are arranged in the lower pyramid
level. A Sobel operator is used to enhance main edges of the original filtered image
[56]. Firstly a fuzzy clustering is taken for preliminary partition of the pixels on
the basis of grey level intensities and then simple cluster validity criterion is done
to determine the optimal number of clusters present in the data. Another method
for dark object segmentation is based on using mathematical morphology for the
image segmentation [57]. The aim is to detect spills from moving tankers which
is implemented in the selected features (elongatedness and spill dampening). An
advantage of this method is that there is no need for prior knowledge about ocean
conditions and it is also good for features extraction used in the decision process.

5. FEATURES

The different methods described in the previous part are used for the detection
of suspicious structures on sea surface. Hereby it is important that during the
detection algorithm the shape of the object is preserved as it is the one of the keys
for distinguishing between actual oil slicks and look-alikes.

For creating a working oil spill detection algorithm the dark objects should be
characterized following a certain characterization criteria. Every algorithm has a
different set of features, but generally they can be organized in four classes.

The spatial geometry and shape of the dark object is analysed in almost every
oil spill detection algorithm. Considering this information together with of some
regional specifications of winds and currents, the differentiation between oil slicks
and other surface patterns might be enhanced. Very often oil is discharged from
moving tankers. In that case calculating the elongatedness, or the ratio between
width and length of the dark object, is a very useful feature [57].

The backscattering level of the dark object and the surrounding is another
informational class of features. For a neural networks classification backscattering
ratios of different regions are considered as crucial [58]. The backscattering of the
background surrounding is important due to wind speed dependence as well [47].

In the set of features the contextual positioning of the dark object is of
particular interest. An additional database containing the locations of oil pipelines,
platforms or the vessel traffic information might contribute significantly to the
correct classification. Wind history is also useful for slick classification and age
estimation [59].

The texture of a SAR image provides information about the spatial correlation
between neighbouring pixels. The comparison between pixels of different regions
on the SAR image puts the dark object in correlation with other regions.

In the following paragraphs the set of features for three different algorithms —
adaptive thresholding, statistical classification method and neural networking — are
observed.
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Solberg et al. [60] has analysed Radarsat and ENVISAT SAR images with an
adaptive thresholding algorithm. The observed features are:

* Slick complexity

* Slick power-to-mean ratio
Slick local contrast
Slick width
Slick local neighbours
Slick global neighbours

* Border gradient

* Slick area

* Distance to detected ship

* Slick planar moment

* Number of regions in the image

* Slick smoothness contrast

Fiscella et al. [47] describes an oil spill detection method where low resolution
images are inspected for the presence of suspicious structures manually or
automatically. Later the detected dark formations are classified using a Mahalanobis
classifier and a compound probability classifier — both statistical classification
methods.

For the automatic analysis of a SAR image the dark areas with Normalized
Radar Cross-Section (NRCS) lower than one half of the average NRCS of sea area
are selected. The actual oil spill detection is done after identification of the border
of the dark object and evaluation of the following direct features:

* Perimeter

* Area

» Average NRCS inside the dark area

» Average NRCS in a limited area outside the dark area

* NRCS dark area standard deviation

* NRCS outside dark area standard deviation

* Gradient of the NRCS across the dark area perimeter

» Form factor: the dispersion of dark area pixels from its longitudinal axis.

Afterwards from this set of features the following quantities are derived/
calculated:

* Perimeter to area ratio

* Intensity ratio between average NRCS inside and outside the dark area

* NRCS standard deviations ratio inside and outside the dark area

* Ratio between NRCS intensity and its standard deviation inside the dark area

* Ratio between NRCS intensity and its standard deviation outside the dark area

* The ratio of the last two ratios.

Then the classification procedure is undertaken.

17



In Del Frate et al. [58] a neural network algorithm is used for the dark object
classification. A long time series of over 600 images from the years 1997 and 1998
over different areas in the Mediterranean Sea is analysed. A histogram for every
image is generated and the borders of the dark object are determined. The features
needed for the dark object classification are the following:

* Area of the object 4

* Perimeter P

» Complexity C defined as C =

P

2JmA

* Spreading S — low value for long and thin objects and high for objects closer
to circular shape

* Object standard deviation

* Background standard deviation

* Max contrast — difference between background mean value and the lowest
value inside the object

* Mean contrast

» Max gradient

» Mean gradient

* Gradient standard deviation.

6. CLASSIFICATION METHODS

The last step of the oil slick detection is the classification procedure, undertaken
in order to distinguish the actual oil slicks from look-alikes (for example anomaly
alga blooms, sewage water discharges, surface water currents or capillary wave
damping caused by local winds).

There are several classification methods published in the literature. An easy and
common way for dark object classification is the use of statistical classifiers, where
the decision is based on probability calculations. They are simple and reliable and
the output can be easily reproduced.

Fiscella et al. [47] is testing a Mahalanobis [61] and a compound probability
classifier where the probability of a dark object being an oil slick is calculated. The
Mahalanobis classifier is comparing the set of characteristic features (written in the
input vector x) with a template, composed from previous measurements. For this
technique the Mahalanobis distances between the calculated set and the class’s oil

spill m, or look-alike m, is computed. The Mahalanobis distance sz is given by
it = (x—m;)’c7 (x —my)

in the matrix form with j = 1,2 and C the covariant matrix of x. For the classic
compound method the probability p for a dark object being an oil spill is calculated
using
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where p (x,) are the probability distribution functions for oil spill and ¢ (x,) for look-
alike classes.

A data set of 123 images was tested [47] and the correctly classified data with
the Mahalanobis classifier for p,, > 2/3 is 78% and for p,, > 1/2 is 83%. The
compound probability classifier delivers correctly classified data with p > 2/3 is
79%, and p., > 1/2is 82%.

A similar method based on statistical modelling with a rule based approach is
using the Gaussian density function and is presented by Solberg et al. [48]. Similar
to Fiscella et al. [47] a template set is used, but here it is derived from a signature
database of 7.051 dark objects containing 71 oil spills and 6.980 look-alikes. The
method classified correctly 94% of the oil spills and 99% of the look-alikes.

Another widely used method is the neural network classifier. It is considered
effective because it operates well with nonlinear mapping of multidimensional
input on single-dimensional output and complex statistics. Different from other
statistics based classifier; the neural network approach doesn't need well defined
relationship between input and output vectors, as it determines it after analysing a
set of training data.

The neural network algorithm is a mathematical tool for calculating the
probability of occurrence of a certain event. This is done by creating an input term
which is then mathematically manipulated through multiple neurons where each
calculates the sum of the inputs adds a bias term and then provides the result to
the up-following neurons. The model topology is specific for each neural network
and gives how the input, output and the hidden units are interconnected. In the
feedforward network, which is also applied for the oil spill case, the input flows
only forward to the next-level neurons and cannot return to the previous layers.

Del Frate et al. [58] used in their extensive study a neural network classification
algorithm. They analysed 600 ERS images from which they extracted 139 images
with dark objects, 71 of which were oil spills and 68 — look-alikes. More details about
the exact functioning principles can be found in the publication. Before analysing
the actual images the system is trained in order to get optimized results for the given
issue. Once trained the network has examined the given pictures. It has misclassified
18% of real oil spills on the images as look-alikes and 10% of the look-alikes were
wrongly classified as oil. The overall rate of misclassified pixels is 14%.

A more recent study based on article neural network is presented in [62] with
91.6% correctly classified oil spills and 98.3% look-alikes.

Another classification method based on fuzzy classification rules is presented
by Karathanassi et al. [50]. Firstly homogeneous dark objects are extracted in any
given resolution using a threshold technique, adaptive to any local contrast and
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later they are classified using a fuzzy logic. Each feature of the calculated set is
considered as a separate class and each class consists of a set of fuzzy expressions.
This makes the logical operation and the estimation of each specific value more
accurate. The method processed 12 SAR images and classified successfully high
percentage of the oil spills and the look-alikes.

It is difficult to compare the skill of the different classification methods,
because they use different data sets, the dark object algorithms function differently
and the set of features vary. Therefore the reported classification accuracy cannot
be compared directly.

Analogously it is hard to compare the computational time and make statements
which technique delivers fastest the most accurate results. Analysing the same data
set using different segmentation techniques, features and classification methods
could deliver valuable information for possible advantages and disadvantages.

7. EXAMPLES

Regional studies focusing on the local specifications of the different water
basins have been done for most of the European seas. Several initiatives exist,
monitoring European waters and delivering real-time information about oil spills.
This is very important considering that a fast reaction is crucial for identifying the
polluter.

The platform Oceanides [63] is a database with information collected from
observations via aircraft and satellite radar images, all available from a single
source. The project is funded by the European Commission as part of CORDIS
(Community Research and Development Information Service). Oceanides is
focused on marine monitoring and can be used for different purposes. The tool
organizes the data depending on the interest of the operator and assembles the
knowledge required to establish a more effective monitoring of oil pollution and
identification of possible polluters. It is operational for European waters and is
already implemented on regional scale for oil pollution monitoring.

Another on-line platform created for oil spill detection is CleanSeaNet [64].
This platform is a project of the European Maritime Safety Agency which is a
decentralized EU agency. CleanSeaNet is a service focused on identification of
oil spills, combined with vessel detection in European waters and it works by
analysing radar satellite images. The images are processed within 30 minutes after
the satellite passes overhead and an alarm for potential pollution is issued directly
after. Correlating satellite data of detected vessels with vessel traffic reports
increases the possibility of correctly identifying the polluter.

CleanSeaNet collects supplementary data such as optical marine images and
oceanographic and meteorological information, which significantly increases the
correct detection ratio.
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For Bulgaria the Black sea is of a particular interest considering the geographical
location and the importance to the region.

The extensive study of Malinovsky et al. [65] deals with the SAR analysis for
oil spill detection particularly for the Black sea region. Using the polarization ratio
in the ENVISAT Alternating Polarization Images they have detected 424 oil spill
events in proximity to the major ship routes and oil platforms.

Ivanov and Kucheiko [66] have studied SAR images of the Eastern Black sea
(2011-2013) and the Northern & Middle Caspian Sea (2009—2013) and compared
the extend and source of the oil pollutions, finding very different results for the both
regions. The oil spills in the Black sea are caused mainly by ships (tank washings
and deliberate illegal discharges) and have a great extend up to 320 km?. Those in the
Caspian sea are of a much smaller surface area not exceeding 70 km? coverage [66].

Other studies of oil-spills in the Black sea are presented by [67—69], where
different observation methods for oil slicks detection are applied.

In the past there were attempts to establish a real time monitoring system for
tracking oil spills in Black sea as well; however as to the present moment they are
not operational.

The online platform of JRC (Joint Research Centre) published information
on the oil-spills discovered in the Black Sea in the period 2000-2004 (http://
publications.jrc.ec.europa.eu/repository/handle/JRC55159).

The results were used in the project of the Commission on the Protection of
the Black Sea Against Pollution (http://www.blacksea-commission.org/ projects_
MONINFO.asp) "Monitoring and Information Systems for Reducing Oil Pollution"
implemented in the period 2009-2010 with the main objective to prevent and take
measures against operational/accidental/illegal oil pollution.

8. CONCLUSIONS

Spaceborne SAR sensors have proven to be most efficient among others for
oil spill detection and their capacity for long-term, large-scale ocean monitoring
has been demonstrated. Their good spatial resolution and feasibility at all-weather,
all-time makes them a reliable source for long time series data. The latter is
determining for creating a fully automatized method for oil spill detection, since
every algorithm needs a data base for training, so that the dark object classification
can be performed with a minimum false alarm ratio.

In this article various algorithms for oil spill detection have been presented,
all of which deliver reasonable results. It is important to stress the fact that their
success ratio cannot be compared directly, since all use different data sets with
different quality. Moreover a serious limitation is the use of unverified data. For the
determination of the success ratio the dark objects should be classified as oil spill or
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look-alike, based on the optical inspection of the SAR images, done by an operator,
which is not always an available approach.

It is not trivial to apply a working detection algorithm to a new sea area.
In order to create an operational procedure for a particular geographic region
some specifications of the water basin should be considered. Those include local
topography, water density, colour, seasonal variations in alga blooms, winds and
currents and the coastal borders.

In general, creating a fully automatized detection method is a challenging task,
considering the long list of limitations. A semi-automatic method might be more
beneficial considering the success ratio.

In this review different methods for the image segmentation procedure for
extraction of dark objects are presented — adaptive and hysteresis thresholding
algorithms, a method using the Laplace of Gaussian and Difference of Gaussian
operators, a wavelet packet transformation, fuzzy clustering method and one, based
on mathematical morphology.

For the correct classification of dark formations the extraction and computation
of a set of features, different for every algorithm, is crucial. The major feature
classes are presented together with some concrete examples.

Different classification procedures are presented — one based on probability
methods, another using the Gaussian density function, a neural network algorithm
and a fuzzy classifier. The success ratios for the different approaches are listed.
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1. INTRODUCTION

Mediterranean region suffered by numerous tsunamis in the past and many of
them had catastrophic impact. Although tsunami catalogues are not complete enough
regarding the early history events, the most of the tsunamis in the Mediterranean
region are due to earthquakes. Some of the events are still with uncertain origin.
Reconstruction of past historical events as well as hypothetical events in active
seismic zones is important for the evaluation of the tsunami hazard in the region.
In this study we focused on 8 tsunamigenic events in the southern Aegean Sea. Six
of the tsunamigenic sources are located close to coast which is typical feature of
the most sources in the Mediterranean. We took into account two more historical
events that are quite important since the magnitude of both earthquakes is greater
than 8. The impact of these strong events is comparable with the December 26, 2004
earthquake in Sumatra offshore. According to several catalogues and databases
we built the hypothetical focal mechanism of 6 earthquakes, we calculated the
geometry of the seismic faults and we reconstructed the tsunami waves referred
to AD 21 July 365 event and AD 8 August 1303 event respectively for western
Hellenic arc (WHA) and eastern Hellenic arc (EHA).

Aegean microplate is located in the eastern Mediterranean. Its southern
boundary is the subduction zone south of Crete where the African plate submerged
beneath the Aegean Sea plate. This area is among the most stressed part of the
collision between the Eurasia and African plates therefore the seismicity there is
the highest in the whole Mediterranean. The Hellenic arc parallels the subduction
zone at a distance of about 120 km to the north. The Hellenic arc consists of two
major transform faults, known as Cephalonia transform fault to the north-western
ends and Rhodes transform fault to the eastern ends and several active volcanic
points (Methana, Santorini, Nisyros, the Bodrum Peninsula). The seismicity along
the Hellenic arc is extremely high with its shallow and intermediate depth of the
earthquakes. The tsunamigenic potential of the earthquake sources is higher when
the depth of the event is shallower. More than 4500 earthquakes (magnitude greater
than 4.5) occurred in the area since the beginning of 20" century, while more than
100 events of tsunami waves present in the historical records since BC 1610 up to
present. Fig. 1 shows earthquakes with magnitude greater than 4.5 and focal depth
shallower than 100 km as well as historical tsunamigenic sources [1, 2].

2. TSUNAMIGENIC SOURCES

Eight potentially tsunamigenic seismic sources are selected in the region of
southern Aegean Sea. As a major geotectonic structure, the Hellenic arc produces
large earthquakes and tsunamis. Two of the key events in the region of Crete are
discussed in the next sections. The location of both historical events is uncertain.
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Fig. 1. Earthquake and tsunami occurrence in the southern Aegean Sea [1, 2]

It is considered that the large tsunamigenic earthquake occurred in AD 365
during the rupture of the western segment of the Hellenic subduction zone on a
NE-dipping fault within the overriding plate [3]. This event destroyed cities and
drowned thousands of people in the coastal regions from Alexandria (Egypt) to
the Adriatic and Sicily. The moment magnitude M, was estimated around ~8.3.
The historical, geological and archaeological evidence leave little doubt that the
tsunami in AD 365 was generated by 6-9 m co-seismic uplift in the area of West
Hellenic Arc (WHA) [4].

The event from AD 1303 very likely occurred during the rupturing of the
arc between Crete and Rhodes islands and it is one of the largest historically
discoursed tsunamigenic earthquakes in the Mediterranean. The tsunami induced
by the earthquake propagated long distances from Acre (Israel) through Alexandria
(Egypt) and Libya. The most affected area was the north-eastern part of the coast of
Crete and the capital Heraklion located to the north. The magnitude M is assumed
to be around ~8.0. The tsunami intensity was reported to be X degree [4].
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Many authors [e.g., 3, 5-8] simulated the large tsunamis of AD 365 and AD
1303 and the results show that the wave amplitudes are underestimated as compared
to the ones expected from the historical and geological record of the tsunami. This
may be due to rough bathymetry and inappropriate seismic source geometry.

Data for focal mechanisms and depth of the additional five tsunamigenic zones
in the area of the southern Aegean Sea are taken into account utilizing the fault
databases compiled in SHARE (The European Database of Seismogenic Faults),
GreDaSS and DISS (The Database of Individual Seismogenic Sources) [9]. We
simulated hypothetical earthquakes to estimate the tsunami impact for Crete and other
small islands. Recent earthquake in the region of Gramvousa fault zone occurred in
October 12, 2013 with MW = 6.8 without expecting any serious tsunami treat because
of the depth of the earthquake. Yolsal and Taymaz [7] modelled several scenarios
of tsunami waves generated by the earthquakes in the region of Ptolemy Trench.
Karpathos Island was hit by tsunami, the eyewitness accounts the maximum tsunami
run-up heights, associated with February 9, 1948 earthquake (M ~ 7.0) on the island
of Karpathos, between 3.6— 7.0 m [10]. There are two main hypotheses on the origin
of the tsunami- underwater earthquake or underwater landslide.

One more tsunamigenic zone that we studied in this work is located in the
region of Rhodes. Since the seismicity there is high we chose one of the two
earthquakes in 1957 with M = 7.3 and the corresponding focal mechanism [10], to
explore possibility for tsunami and sequences on the nearest coasts. Fethiye town is
one of the attractive tourist destinations in Turkey and was affected by earthquakes
and tsunamis in the past [11].

The position of all eight tsunamigenic seismic faults is shown in Fig. 2. We
took into account rectangle sources placed in different depths that respond to the
upper border depth of the fault (UBDF). The proposed names of the seismic faults
correspond to the databases cited before (SHARE, GreDaSS and DISS) and we
named them as follow: WHA (AD 365), EHA (AD 1303), Gramvousa, Palaeochora-
Tympaki, Ptolemy Trench, South Cretan Sea, Karpathos I and Rhodes.

The fault parameters of the selected sources are presented in Table 1. For
each tsunamigenic zone we took into account an earthquake with magnitude equal
to the largest magnitude registered in the past. The relation between the moment
magnitude and the seismic moment, proposed by Hanks and Kanamori [12] is used
to obtain the released energy. The seismic moment is related to the geometry of
the faults and the slip on the faults by the regressions proposed in Mai and Beroza
[13] and Wells and Coppersmith [14]. The longitude and latitude are converted in
Universal Transverse Mercator (UTM) coordinate system since the calculations are
made in Cartesian coordinates. The focal mechanisms for five of the tsunamigenic
faults are selected to be in accordance with the database SHARE. Focal mechanisms
for both of the reconstructed events and for Rhodes fault are taken in accordance
with published data [10, 15-19].
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Fig. 2. Position of the tsunamigenic seismic sources

3. NUMERICAL MODELLING

The theory of numerical modelling of tsunami waves started its history during
the last century but it is widely used after the 2004 tsunami in Sumatra where at least
230 000 people were killed. Numerical models are used to evaluate and predict the
physical characteristics of tsunami. They play an important role in tsunami hazard
mitigation and are especially useful for preparing maps of inundation for coastlines
vulnerable to tsunami flooding. There are number of mathematical methods based
on the resolution of bathymetry data and parameters of the seismic fault, developed
to model and identify tsunami wave characteristics. Tsunami source models are well
developed for submarine earthquakes, where the seafloor deformation is caused by a
finite dislocation (i.e., slip on the fault) [20]. Simple implementation of this type of
source model usually assumes a finite rupture interface with uniform dislocation (e.g.,
slip movement along a fault). We computed the initial conditions of studied events
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implementing analytical formulas of Okada [20, 21] and appropriate bathymetry data.
The basic parameters for each event described in Table 1 are essential for calculation
of deformation of the sea bottom which specifies the initial tsunami waveform.
Numerical code UBO-TSUFD is applied to model the propagation and the interaction
of tsunami with the coastal areas. The code is developed in University of Bologna
(Italy) and extensively used to study the propagation of tsunamis generated by
earthquakes. We utilized this method since it was tested and validated for different
benchmark problems based on analytical solutions: one on a plane wave propagating
on a flat channel with a constant slope beach, and one on a laboratory experiment.
Additionally it was proved for several realistic tsunami cases [22]. UBO-TSUFD
reproduced quite well the theoretical and experimental data. The code solves the
governing equations of Navier-Stocks in the shallow water theory approximation by
using the finite-difference technique with an explicit leap-frog scheme on a staggered
grid. Tsunami waves belong to the long-wave theory, therefore the vertical acceleration
of water particles are negligible compared to the gravitational acceleration except for
an oceanic propagation of tsunami [23]. A good approximation is that the pressure
is hydrostatic and therefore the vertical motion of water particles has no effect on
the pressure distribution. In addition the horizontal velocity of water particles are
vertically uniform. There are several conditions that need to be fulfilled in order
to have good results- initial conditions, boundary conditions, stability conditions,
preparation of a grid and bathymetry data. Linear and nonlinear theories are used
according to the degree of nonlinearity of the phenomena. Usually coarse grids in the
deep ocean and fine grids in the nearshore zone are used. An expanded explanation of
UBO-TSUFD can be found in [22, 23]. The code is extensively applied to simulate
tsunami waves for seas like Mediterranean and other small basins, where the Coriolis
force is neglected.

The code computes water surface oscillations, velocity field, arrival time of
the waves and water inundation when nonlinearity is applied. The grid used in our
calculations has cells with 500x500 m resolution. The utilized time step is 1.5 s and
it is adjusted to satisfy the CFL (Courant-Friedrichs-Lewy) stability condition (1):

Ax
E:«/ZgH, (D)

where Ax is the cell size, At is the time step for every cell, g is the gravity acceleration
and H is the maximum depth of the ocean, in our case for the Mediterranean region
it is 4500 m.

The total number of nodes of the grid is 2803401. The resolution of the
bathymetry and topography data is 30 s [24]. Bathymetry map of the studied region
is shown in Fig. 3.
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4. RESULTS OF THE TSUNAMI SIMULATIONS

The tsunami initial condition for scenario WHA is presented in the upper
panel of Fig. 4. The source is considered as thrust fault and it is placed almost
parallel to the western Hellenic Subduction zone. This fault generated a sea bottom
deformation characterized by high uplift near southwestern Crete and a subsidence
near the northwestern coasts of Crete. The maximum positive and negative vertical
deformations are 4.1 m and —1.6 m, respectively. The initial condition of scenario
regarding the EHA thrust faulting source is presented in the upper panel of Fig. 4.
The source, whose parameters are listed in Table 1, generated initial maximum and
minimum sea water elevations of 3.3 m and —0.4 m, respectively. This scenario is
associated with M~ 8.0 and it is located offshore the southeastern coastline of
Crete. The vertical displacements of the sea bottom for other modeled tsunamigenic
sources are plotted in Fig. 4 (lower panel). South Cretan Sea tsunamigenic fault
induced minimum water elevations —1.5 m, while Rhodes fault generated the
maximum displacement of 1.5 m near the southwestern Turkish coast.

The propagation of the tsunami waves for all scenarios is presented as plots
at 5, 20, 40 and 60 minutes intervals after the tsunami onset. The tsunami radiation
pattern simulated for the two key events AD 365 and AD 1303 is illustrated in Fig.
5. The upper panel describing the tsunami propagation indicates that after only 5
minutes the waves have already attacked the southeastern coast of Crete. In 20
minutes the tsunami propagates northeast toward Karpathos and southwest toward
the coasts of Crete. The Turkish and the Libyan coasts are reached by initially
positive tsunami waves 40 minutes after the earthquake. One hour after the tsunami
onset peninsula Peloponnese and the whole southern Aegean Sea is affected. The
lower panel of Fig. 5 presents the tsunami radiation pattern simulated for AD 1303
event. The southwestern part of Crete, the islands Kythira and Gavdos are affected
by the strong positive waves in 5 minutes after the earthquake. The propagation
spreads in southwestern direction toward Libya and Ionian Sea. Most of the small
islands north of Crete are attacked in 40 minutes. In one hour the eastern part of
Mediterranean, including Alexandria and Cyprus is inundated. Both of the events
are considered to be the largest historical tsunamis of tectonic origin in the region of
Mediterranean. Tsunami radiation pattern modelled by other tsunamigenic sources
is presented in Fig. 6 and Fig.7. Since the magnitude and the geometry of the six
sources are smaller than the reconstructed events above, as expected, the tsunami
waves are not so violent. The morphology beneath the southern Aegean Sea is very
complex and therefore the propagation is slower.
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Fig. 5. Radiation pattern of the computed tsunami elevations for WHA and EHA
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Fig. 6. Radiation pattern of the computed tsunami elevations for
Gramvousa, Palacochora-Tympaki and Ptolemy Trench
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The effects can be considered as local, near the sources. Due to the large
number of islands in the Aegean Sea, the tsunami waves diffract and this is clearly
illustrated in both of the figures, and especially in the case of South Cretan Sea
simulation (Fig. 7, upper panel). The propagation of the tsunami due to Rhodes
source affects mostly the southwestern coast of Turkey, in particular the gulf of
Fethiye and the whole Rhodes in less than 20 minutes after the earthquake.

t=5min t =20 min t =40 min t =60 min

e

South Cretén Séa

Karpathos |

Rhodes

-02 -0,1 -0,07 -0,03 0,01 0,05 009 01 0.2
Water elevation [m]

Fig. 7. Radiation pattern of the computed tsunami elevations
for South Cretan Sea, Karpathos I and Rhodes

Fig. 8 and Fig. 9 show the maximum positive water elevation due to the
events. The tsunami heights field can be interpreted as an indication of the released
tsunami energy. Figures clearly illustrate the most affected coastal areas. Severe
tsunami effects are expected on the west, south and east coast of Crete due to AD
365 and AD 1303 events. Large part of the tsunami energy computed for WHA
propagates toward the western part of the Mediterranean, while EHA tsunamigenic
source extend its energy to the south, reaching the coasts of Libya and Egypt and to
the north attacking the island of Karpathos (Fig. 8).
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As expected the maximum positive tsunami heights computed for the rest of the
scenarios are smaller. The direction of the tsunami energy propagation strongly depends
on the geometry of sources. Tsunami effects are expected in the region of whole Crete,
southern Peloponnese, the islands north of Crete, Karpathos, Rhodes and southwestern
part of the Turkish coast, including the cities Marmaris and Fethiye (Fig. 9).
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Fig. 8. Maximum positive tsunami wave heights computed for the WHA and EHA scenarios

The contribution of all modeled scenarios in southern Aegean Sea is presented
in Fig 10. The colored areas represent the maximum tsunami wave heights. The
figure shows the geographical distribution of the tsunami impact from studied
events. It is evident that events like AD 365 (WHA) and AD 1303 (EHA) give the
highest impact, but also Rhodes tsunamigenic zone must not be neglected, since
the position of the source is very close to the coast and therefore the time for cities’
evacuation like Fethiye is less than 10 minutes. South Cretan Sea source is the
scenario contributing most to the impact of the islands in southern Aegean Sea.
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Fig. 9. Maximum positive tsunami wave heights computed for Gramvousa,
Palaeochora-Tympaki, Ptolemy Trench, South Cretan Sea, Karpathos I and Rhodes scenarios

Synthetic mareograms in different locations are computed by the code. The
mareograms reproduce the variations in the sea water elevation depending on the
time elapsed from the earthquake onset. The position of considered mareograms
is plotted in Fig. 11. Mareograms modeled for the scenario of South Cretan Sea
tsunamigenic source are located in Santorini (Thera), Panormos and Heraklion and
are presented in Fig. 12. The figure shows water level for 1 hour and 40 minutes
after the earthquake occurrence.

Maximum modeled tsunami wave heights near Santorini are about 1.2 m
(Fig. 12a), in Panormos are about 2.3 m (Fig. 12b) and in Heraklion the maximum
water elevation is about 1.8 m (Fig. 12c¢).
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Fig. 12. Synthetic mareograms computed for scenario South Cretan Sea.
Locations of mareograms are shown in Fig. 11

Synthetic mareograms calculated for the scenario of Rhodes tsunamigenic
source are located in Rhodes, Stegna and Lardos and are illustrated in Fig. 13.
Maximum modeled tsunami wave heights near Rhodes are about 2.5 m (Fig. 13d),
in Stegna the water elevation is about 2.0 m (Fig. 13e) and in Lardos the maximum
water amplitude is about 2.8 m (Fig. 13f). The first arrived wave is negative which
corresponds to the initial displacements of the source. The eastern part of the island
is the most affected due to Rhodes tsunamigenic fault. The period of the waves is
much shorter than the period of the oscillations for scenario South Cretan Sea.
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Fig. 13. Synthetic mareograms computed for scenario Rhodes.
Locations of mareograms are shown in Fig. 11

5. CONCLUSIONS

We examined scenarios of tsunami radiation pattern from eight seismic sources
in the southern Aegean Sea. Based on numerical simulations the largest historically
known tsunamis in the Mediterranean AD 365 and AD 1303 are well reconstructed.
Most of the studied sources are situated close to the coasts which results in less time
for evacuation. Crete, Rhodes, Karpathos and the southwestern part of the Turkish
coast are at high risk of inundation due to tsunami waves.
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Hnuana Apecmosa. YACJIIEHO U3CJIEJIBAHE HA OCHOBHUS MOJJ B XOMOI'EHHO
HAMATHUTEH ®EPUTEH OIJIEJAJIEH BHJIHOBO/]

OeputHusT omtenaneH BbiaHOBog (POB) e HeoTMeHMMa CBCTaBHa 4YacT Ha (Qeputo-
JUCIIEKTPUIHUTE OTJICAATHU CTPYKTYPU, IPEAHAZHAYCHH 3a IIPUJIOKEHUE B MUJIMMETPOBUS AHAITA30H.
Te3n CTPyKTypu ce pas3mIexIaT KaTo OCHOBAa 3a NPOEKTHPaHE Ha YIpaBiIsABAIlM YCTPOHCTBA —
U30JIaTOPH, LUPKYJIaTOPH, MPEBKIOYBATENN U JAp., NPU PA3NUYHA HAMAarHWTBaHHUs Ha (EPUTHUSA
eneMeHT. Tyk e U3cieJBaHO YHCIIEHO 1o MeToza Ha kpaiinute eneMenTH (MKE) pasnpenenenuero Ha
KOMITOHEHTUTE Ha I10JICTO Ha OCHOBHUSA MOJ IIPU TPHU Pa3JINIHU ITOCOKH HA XOMOT€HHO HAMarHuTBaHe
Ha (epuTHHs eJeMeHT: 1) HaMarHWTBaHe, NMEPHeHAMKY/SIPHO Ha IOCOKAaTa Ha pa3mpoCTpaHEeHHe
¥ yCHOpeIHO Ha OrjieAajlHara paBHHHA, 2) HaMarHUTBaHe, TEPICHIMKYISIPHO Ha IMOCOKaTa Ha
pa3NpOCTpaHEHHE M Ha OINeJajHAaTa PaBHUHA; 3) HAMAarHUTBAaHE, YCIOPEIHO HA IOCOKAaTa Ha
pasnpoctpanenue. M3cienBaHeTo moka3sa, ue BbB BTOPHS ClIydall Ha HAMAarHUTBaHe ce HaOlonaBa
ACHMETPHS Ha eJIEKTPUYHOTO I10JI€ Ha OCHOBHHS MOJI, KOETO MOJKE Jia I0BEJIE 10 HEB3aUMEH e(IeKT.

lliyana Arestova. COMPUTER AIDED INVESTIGATION OF THE DOMINANT MODE ON
THE HOMOGENEOUSLY MAGNETIZED FERRITE IMAGE GUIDE

The ferrite image guide (FIG) is an essential element of the ferrite-dielectric structures intended
for use in the millimetre wavelength range. These structures are considered a basis for designing
control devices — isolators, circulators, switches, etc. using various magnetizations of the ferrite

For contact: lliyana Arestova, Department of Radiophysics and Electronics, Faculty of Physics,
Sofia University ,,St. Kliment Ohridski”, 5 James Bourchier Blvd., Sofia 1164, Phone: +3592 8161 724,
E-mail: ilar@phys.uni-sofia.bg
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element. Here the distribution of the electromagnetic field components of the dominant mode is
numerically studied by finite element method (FEM). Three different directions of homogeneous
magnetization of the ferrite element have been considered: 1) magnetization perpendicular to the
direction of propagation and parallel to the ground plane (Case 1); 2) magnetization perpendicular to
the direction of propagation and to the ground plane (Case 2); 3) magnetization parallel to the direction
of propagation (Case 3). The investigation has shown that the most promising for nonreciprocal
behaviour is Case 2 due to the asymmetry of the electric field distribution

Keywords: millimeter waves, ferrite devices, image guide, finite element method.
PACS number: 84.40.Az

1. INTRODUCTION

The ferrite image guide (FIG) together with the dielectric image guide
structures represents a possible basis for the design of control devices for millimetre
waves [1-7]. Different homogeneous magnetizations of the ferrite element have
been investigated [1-6], as well as the inhomogeneous (mixed) magnetization [7].
The mixed magnetization is produced by a disk shaped permanent magnet and it
contains two opposite longitudinal components at both ends of the ferrite element
and a transverse component perpendicular to the ground plane in the middle of
it. In order to clarify the processes taking place at this mixed magnetization, it
is reasonable to study separately all three mutually perpendicular homogeneous
magnetizations of the FIG.

A detailed study of the modes on the dielectric image guide has been done
earlier in [8]. Here the FIG is modelled at three different directions of homogeneous
magnetization. The field components of the dominant mode have been obtained
numerically by finite element method (FEM) at each magnetization. The purpose of
this research is to study the impact of each direction of magnetization on the electric
and magnetic field components of the dominant mode on the magnetized FIG. This
could improve understanding of the operating mechanism of the nonreciprocal
ferrite-dielectric structures with inhomogeneous magnetization.

2. MODEL AND MAGNETIZATION

The investigated rectangular FIG has cross-sectional dimensions axb =
1.82%0.99 mm? (Fig. 1) and is made of ferrite mark 1CU4 (Russia). The ferrite has
the following electromagnetic parameters: relative permittivity ¢ = 11.1, tangent of
the angle of dielectric losses tgd, = 0.01 and saturation magnetization 4nM_ = 0.463
T. The homogeneous magnetization in the three mutually perpendicular directions
with a field strength H =40 kA/m has been set successively.

Some of results obtained numerically by FEM, namely the dispersion
characteristic and the distribution of the electric field magnitude, have been reported
in [9]. Here we have first defined points inside the model volume, situated at those
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transverse planes, at which maxima and minima of the electric field magnitude
have been observed. After that we have calculated the values of all six electric
and magnetic field components at each defined point. The resulting distributions of
field components of the dominant mode along transverse axes x and y are shown
in Figs. 2—7. The values of the electric and magnetic field components in Figs. 2—7
correspond to the transmitted power of 1 W.

> Magnetization in Case 1

ﬁ Magnetization in Case 2

& Magnetization in Case 3

Ferrite core Ground plane

Fig. 1. The cross-sectional view of the FIG

3. RESULTS AND DISCUSSION

3.1. FIELD COMPONENTS AT MAGNETIZATION PERPENDICULAR TO THE DIRECTION
OF PROPAGATION AND PARALLEL TO THE GROUND PLANE (CASE 1)

A maximum of the electric field magnitude distribution has been observed at
z=z, = 1.66 mm, and a minimum at z = z, = 3.34 mm. The distributions of the six
components of the dominant mode at these two transverse planes are given in Fig.
2 and Fig. 3 respectively. It can be seen that the main components of the dominant
mode are £ E_and H, There is a well-defined symmetry in the distributions about
x =0 (Fig. 2a F1g 3a b)

In accordance with the boundary conditions the component £ aty=5=0.99 mm
(Fig. 3c) and the component £_at x = +a/2 =+0.91 mm (Fig. 3a) have interruptions.
The component H_ (Fig. 2b) have relatively weak extrema at x = +a/2 = £0.91 mm
and a maximum at x = 0 (Fig. 3a).

The resulting distributions show that the dominant mode on the FIG at
magnetization perpendicular to the direction of propagation and parallel to the
ground plane represents £Y, according to the Markatili’s classification [10].
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3.2. FIELD COMPONENTS AT MAGNETIZATION PERPENDICULAR TO THE
DIRECTION OF PROPAGATION AND THE GROUND PLANE (CASE 2)

At this magnetization a minimum of the electric field magnitude has been
observed atz =z, =3.28 mm, and a maximum at z = z, = 5.03 mm. The distributions
of the six components of the dominant mode at these two transverse planes are
given in Fig. 4 and Fig. 5 respectively.
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Fig. 2. Simulated distributions of the field components of the dominant mode
atz=1.66 mm: (a, b) y = 0.495 mm; (¢, d) x = 0 mm

As can be seen from Fig. 4a, there is a shift of the maximum of the compo-
nent £ from the centre of the dielectric core (x = 0) to the left side wall located at
x =—a/2 = —-0.91 mm. The same figure shows the presence of a significant com-
ponent E, which is symmetrical about x = 0. The comparison of Fig. 4¢c with
Fig. 3c shows also a greater value of the component £_in this case of magneti-
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zation. As in the previous case of magnetization, the component £_ has large val-
ues in a cross-section corresponding to a maximum of the electric field magnitude

(Fig. 5a,c). It has a distribution which is symmetrical about x = 0 (Fig. 5a).
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Fig. 3. Simulated distributions of the field components of the dominant mode
atz=3.34 mm: (a, b) y = 0.495 mm; (c, d) x =0 mm

From Fig. 4b,d and Fig. 5b,d it can be seen that among the magnetic
components the largest and similar in value are the components //_and /. Thus,
we can conclude that the main components of the dominant mode are E,E,H, and
H_. The presence of an asymmetry in the transverse plane about the dielectric core
centre x = 0, the occurrence of an additional main magnetic component /, as well
as significant levels of component E_ require differentiation from the dominant
mode in the dielectric image guide E»V/I’I. The dominant mode at this magnetization
could be called a modified mode £”, , characterized by asymmetry and increased
components /_and E .

11°
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Fig. 4. Simulated distributions of the field components of the dominant mode
atz=3.28 mm: (a, b) y = 0.495 mm; (¢, d) x =0 mm

3.3. FIELD COMPONENTS AT MAGNETIZATION PARALLEL TO THE DIRECTION
OF PROPAGATION (CASE 3)

The distributions of the six components of the dominant mode in the case
of longitudinal magnetization at two transverse planes, where a maximum and
a minimum of the electric field magnitude occur, are given in Fig. 6 and Fig. 7
respectively. As can be seen from Fig. 6a and Fig. 7a, the largest electrical
components are respectively £_and E, which both have symmetry about x = 0.
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Fig. 5. Simulated distributions of the field components of the dominant mode
atz=5.03 mm: (a, b) y = 0.495 mm; (c, d) x = 0 mm

The three magnetic components shown in Fig. 6b,d and Fig. 7b,d are
comparable to each other. This gives grounds to conclude that the dominant mode
on the longitudinally magnetized FIG represents a modified £¥,, mode, in which all
three magnetic components / , H and H_should be taken into account.

3.4. DISCUSSION

The transverse distributions of field components of the dominant mode
corresponding to a maximum of the electric field magnitude are shown in Figs. 2, 5
and 6 for Case 1, Case 2 and Case 3, respectively. These figures show that the E,
component is the largest among the electric field components and reveal that the
maxima of the electric field magnitude coincide with the maxima of the £ component.
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Fig. 6. Simulated distributions of the field components of the dominant mode
atz=1.74 mm: (a, b) y = 0.495 mm; (c, d) x = 0 mm

The obtained distributions of field components of the dominant mode
corresponding to a minimum of the electric field magnitude are shown in Figs. 3, 4
and 7 for Case 1, Case 2 and Case 3, respectively. It is evident that the minima of
the electric field magnitude coincide with the maxima of the E component.

In Case 2 an electric field asymmetry has been obtained. This asymmetry can
produce a nonreciprocal field distribution in coupled ferrite-dielectric image guide
structures at transverse magnetization perpendicular to the ground plane. It gives
reason to suppose that it is possible to expect a nonreciprocal behaviour in the
coupled ferrite-dielectric image guide structures at this type of magnetization.
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Fig. 7. Simulated distributions of the field components of the dominant mode
atz=3.91 mm: (a, b) y = 0.495 mm; (c, d) x =0 mm

4. CONCLUSION

The transverse distributions of all six components of the dominant mode on the
magnetized FIG have been obtained numerically. The results showed that only at
magnetization perpendicular to the direction of propagation and parallel to the ground
plane the dominant mode is pure £’ | with main components EE. and H , according
to the Markatili’s classification An asymmetry about the middle of the ferrite core
appears at transverse magnetization perpendicular to the ground plane, as well as a
growth of the components H u E . All three components of the magnetic field prove
to be significant at longitudinal magnetization. The next step of the investigation
could be the simulation of the coupled ferrite-dielectric IG structures.
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NUMERICAL INVESTIGATION OF COUPLED FERRITE-
DIELECTRIC IMAGE GUIDE STRUCTURE FOR Ka-BAND

ILTYANA ARESTOVA

Department of Radiophysics and Electronics

Hnusna Apecmosa. YACJIIEHO U3CJIEABAHE HA CBBP3AHA ®EPUTO-AUEJIEKTPUY-
HA OITIEJAJIHA CTPYKTVYPA 3A Ka-OBXBATA

CBbp3aHN (epuTEH U AUCICKTPUYCH BHIHOBOIU Ca M3CIEIBAHN YHCIIEHO 110 METO/Ia Ha Kpai-
uurte exemenTd (MKE) B wecrotnus nuamason 2640 GHz. Moznenupana e cBbp3ana (epuro-au-
eJIEKTPUYHA OIVIeJ]aliHa CTPYKTypa ChC ChINATa TEOMETPHS, KAKTO B MPEAXOJHO EKCIIEPUMEHTAITHO
W3CIIeIBaHe MTPH HEXOMOTCHHO HaMarHuTBaHe. DEPUTHUAT €IEMEHT B HACTOAIIOTO YUCICHO H3CIE-
BaHE ¢ HAMarHUTEH XOMOTE€HHO MEPIECHINKYIIPHO Ha OIVIe[aliHaTa paBHUHA U Ha TIOCOKaTa Ha pas-
nmpocTpaHeHue. ToBa XOMOTEHHO HAMarHUTBaHE IPECTaBIsABa IIBPBO MPHOIIKEHAE HA PEATTHOTO
HEXOMOTEHHO HaMarHuTBaHe. [loiydeHara 4ecTOTHa 3aBUCHMOCT Ha 3ary0HTe B mpaBa M oOpaTHa
MMOCOKa Ha paslpOoCTpaHEHNe B CTPYKTYpa C ABIDKHHA Ha CBBbp3BaHe /, paBHa Ha 17.6 mm, mokas3sa
CHITHO M3pa3eHa HEB3aMMHOCT B IIMPOK YeCTOTEH Anana3oH: ot 36.2 no 38 GHz. C uen xa ce ycra-
HOBH 3aBHCHMOCTTa Ha HEB3aMMHOTO TOBEJICHHE OT ABJDKHHATA Ha CBBP3BaHe, [ Oelle MpOMEHSHO
ot 12.5 1o 19.5 mm. Pe3ynrarure nokassat, 4e npH MO-TOJEMH JABKUHU Ha CBbpP3BaHE C€ MMOCTHUTra
mo-100pa HEB3aUMHOCT, KOETO 03Ha4aBa MO-TOJIsIMa a0CONFOTHA CTOWHOCT Ha M30JIAIMATA U TO-IITH-
poka paboTHa YeCTOTHA JICHTA.

lliyana Arestova. NUMERICAL INVESTIGATION OF COUPLED FERRITE-DIELECTRIC
IMAGE GUIDE STRUCTURE FOR Ka-BAND

Coupled ferrite and dielectric image guides have been investigated numerically by finite element
method (FEM) in the frequency range 26-40 GHz. We have modelled the coupled ferrite-dielectric

For contact: lliyana Arestova, Department of Radiophysics and Electronics, Faculty of Physics,
Sofia University ,,St. Kliment Ohridski”, 5 James Bourchier Blvd., Sofia 1164, Phone: 359 2 8161
724, E-mail: ilar@phys.uni-sofia.bg

51



image guide (CFDIG) structure with the same geometry as in our recent experimental investigation of
nonreciprocal inhomogeneously magnetized CFDIG structure. The ferrite element in this numerical
investigation has been homogeneously magnetized perpendicularly to the ground plane and the
direction of propagation. The ferrite element in this numerical investigation has been homogeneously
magnetized perpendicularly to the ground plane and the direction of propagation. This homogeneous
magnetization represents first approximation of the real inhomogeneous magnetization. The frequency
dependences of losses in forward and backward direction of propagation for CFDIG structure with
coupling length / equal to 17.6 mm have shown strong nonreciprocity of the structure in a wide
frequency band from 36.2 to 38 GHz.

In order to investigate the dependence of nonreciprocity on the coupling length, / has been
successively varied from 12.5 to 19.5 mm. Results have revealed that at longer coupling lengths better
nonreciprocal behaviour can be achieved, which means greater absolute value of isolation and wider
frequency band of operation.

Keywords: nonreciprocal devices, image guide, finite element method, millimeter waves,
coupled image guide structures.
PACS number: 84.40.Az

1. INTRODUCTION

Nonreciprocal devices have been traditionally invented on the basis of magne-
tized ferrite elements. The ferrite materials unfortunately decrease their gyrotropy
as the frequency is increased. That is the reason the conventional ferrite devic-
es developed for centimetre-wave range cannot be used with the same success in
millimetre-wave range. Alternative approaches are sought to invent nonreciprocal
devices for millimetre-wave range that require only weak gyrotropy [1, 2]. One
of these alternative approaches is the achievement of nonreciprocal behaviour of
CFDIG structures [3—6].

Very good nonreciprocal parameters have been reported in [4, 5] for a CFDIG
structure with inhomogeneously magnetized ferrite element (bar). The ferrite ele-
ment has been magnetized by using a disk-shaped permanent magnet, whose diam-
eter is comparable with the length of the ferrite bar. The experimental investigation
of such type CFDIG structure has been completed recently with the help of electric
probes [6]. The distributions of all three electric field components in forward and
backward direction of propagation have been measured. These distributions have
revealed a nonreciprocal coupling between dielectric and ferrite image guides. In
forward direction of propagation the period of power transfer L equals to a half
coupling length 1/2, while in backward direction it is two times greater and equals
to the coupling length 1. Insertion losses equal to —2.5 dB and an isolation equal to
—16 dB have been registered at a frequency of 34 GHz. Isolation better than —10 dB
has been measured in the frequency range (33.6-34.5) GHz.

The measurement of the permanent inhomogeneous magnetic field [6] has
shown that the transverse component, which is perpendicular to the ground plane,
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predominates over the longitudinal one in almost the whole coupled region. That is
the reason to replace as first approximation in our numerical investigation the in-
homogeneous magnetic field with a homogeneous one. Here we have modelled the
homogeneously magnetized CFDIG structure with the same geometrical parame-
ters as in the experimental investigation [6]. After that, we have investigated nu-
merically by FEM the behaviour of this structure in Ka-band (26-40 GHz). Strong
nonreciprocity at about 37 GHz has been registered.

N
b

Air box

Primary
dielectric
image guide

Port 1 Secondary

ferrite image
guide

o
o

10 (mm)

Fig. 1. The model of the coupled ferrite-dielectric image guide structure

2. MODEL

The geometry of the model of the CFDIG structure is shown in Fig. 1. The mod-
el volume coincides with the volume of the so-called air box (radiation box) with
dimensions 12x6x20 mm?®. The primary dielectric image guide (IG) represents a par-
allelepiped (bar) with dimensions 2x0.97x20 mm?®. It is made by alumina with a rel-
ative permittivity € = 9.6 and a dielectric loss tangent tgd_= 10~*. The dimensions of
the primary IG ensure single mode operation in Ka-band with the mode £¥, accord-
ing to the Marcatili’s mode classification [7, 8]. The secondary ferrite IG represents a
bar with dimensions 2.2x1.1x17.6 mm?® and is made by nickel ferrite (1CU4, Russia).
The ferrite has a relative permittivity ¢ = 11.1, a dielectric loss tangent tgd_= 102
and a saturation magnetization 4nM_= 4.63 kG. The coupling length / coincides with
length of the ferrite bar and is equal to 17.6 mm. The ferrite bar has been modelled as
homogeneously magnetized along Oy axis with a field strength A = 80 kA/m.

The upper wall of the air box in the xz plane and both side walls in the yz planes
have been defined as radiating surfaces. They have been chosen to be far enough

53



from the corresponding walls of the primary and secondary IGs. The bottom wall of
the air box represents an image plane and it has been defined as a perfect conductor.
Both side walls of the air box in the xy planes have been defined as ports.

Losses [dB]

Frequency [GHz]

Fig. 2. Frequency dependences of losses for CFDIG structure with /= 17.6 mm

3. RESULTS

The frequency dependences of losses in forward and backward direction of
propagation for CFDIG structure with coupling length / equal to 17.6 mm are shown
in Fig. 2. The losses in forward direction known as insertion losses /L coincide with
the scattering matrix element S, , and those in backward direction named isolation
IS —with the scattering matrix element S ,. The curves in Fig. 2 have shown well-ex-
pressed nonreciprocal behaviour of the CFDIG structure. The insertion losses vary
from —9 dB at 28.4 GHz to -2 dB at 36.7 GHz. They are approximately constant in
a wide frequency range from 33 to 38.6 GHz. The isolation has its absolute mini-
mum at 37.7 GHz and is equal to —36.7 dB. Isolation greater than —20 dB has been
registered in frequency range from 36.2 to 38 GHz. The nonreciprocal behaviour
with insertion losses about —2 dB and isolation better than —20 dB in bandwidth
BW equal to 1.8 GHz represents very good wideband performance for isolators at
millimetre waves.
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Table 1

I[mm] | f [GHz] IL [dB] IS [dB]
12.5 33.1 339 “12.7
13 33.1 -2.53 -9.52
13.5 345 -3.36 -11.9
14 33.6 226 ~11.9
14.5 349 -2.05 ~13.7
15 348 2.17 ~19.9
15.5 36 2.12 194
16 359 ~2.09 -39
16.5 36.8 222 214
17 36.6 2.1 -38.7
17.6 377 -2.35 -36.4
18 375 224 229
18.5 38 ~2.09 472
19 39.1 -2.35 ~28.7
19.5 38.5 229 315

In order to investigate the dependence of nonreciprocity on the coupling length
we have successively modelled CFDIG structures with coupling length from 12.5
mm to 19.5 mm. Results from these numerical investigations are presented in Tabl.
1. The frequency f . represents frequency; at which isolation IS has its absolute
minimum. The values of insertion losses /L and isolation 1S shown in Tabl. 1 cor-
responds to frequency f . . It is evident from Tabl. 1 that in general f . increases
and /S decreases with increasing the coupling length /. The insertion losses /L keep
almost constant value in the range (—2) — (-3) dB. These results imply that the lon-
ger CFDIG structures possess better nonreciprocity. Additional investigation has
also shown that the longer CFDIG structures have wider bandwidth BW, defined
as frequency band in which the absolute value of isolation is greater than 20 dB.

We have applied some efforts to find a homogeneously magnetized CFDIG
structure, which has parameters close in value to those in the experimental investiga-
tion [6]. The numerical investigation has shown that the CFDIG structure with cou-
pling length / equal to 14 mm possesses the closest parameters. The frequency depen-
dences of losses in forward and backward direction of propagation for this CFDIG
structure are shown in Fig. 3. It is evident that it has worse nonreciprocal behaviour
in comparison to structure with coupling length 17.6 mm (Fig. 2). The absolute value
of isolation does not reach the standard value of 20 dB. Frequency band in which the
absolute value of isolation is greater than 10 dB is from 33.3 to 34 GHz.
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Fig. 3. Frequency dependences of losses for CFDIG structure with /= 14 mm

4. DISCUSSION

Geometrically identical CFDIG structure with coupling length 17.6 mm has
been investigated experimentally in [6]. Insertion losses equal to —2.5 dB and an
isolation equal to —16 dB have been measured at a frequency of 34 GHz. Isolation
better than —10 dB has been registered in the frequency range (33.6-34.5) GHz. The
corresponding insertion losses were about —3 dB. The magnetization of this struc-
ture was inhomogeneous due to the used disk-shaped permanent magnet, whose
diameter is comparable with the length of the ferrite bar. The model for numerical
investigation of the CFDIG structure does not permit the definition of inhomoge-
neously magnetized ferrite element, but only of homogeneous one. The comparison
of the measured and calculated parameters has shown that the inhomogeneously
magnetized CFDIG structure has worse nonreciprocity than the homogeneous one
with the same coupling length. At the same time, the calculated frequency f . is
greater than the measured frequency of minimal isolation. As the /. increases with
the coupling length we can conclude that inhomogeneous magnetization makes the
effective coupling length shorter. The explicit role of the existing longitudinal com-
ponents of the inhomogeneous permanent magnetic field could not be understood
in the frames of the model with homogeneous magnetization.
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5. CONCLUSIONS

Coupled ferrite-dielectric image guide structure has been investigated numer-
ically by finite element method. Frequency dependences of forward and backward
losses in Ka-band have been derived for coupled ferrite-dielectric structures with
different coupling lengths. Strong nonreciprocal behaviour of the coupled ferrite-di-
electric structures in a wide frequency range has been registered. We can conclude
that nonreciprocity depends on the coupling length and improves as it increases.
The numerical results for the coupled ferrite-dielectric structure with coupling
length equal to 17.6 mm have been compared with data obtained experimentally
earlier. The comparison has shown that the inhomogeneously magnetized structure
with coupling length 17.6 mm has lower operating frequency, which corresponds to
homogeneously magnetized ferrite-dielectric structure with coupling length equal
to 14 mm. The future work will aim to properly model the coupled ferrite-dielectric
structure with inhomogeneous magnetization that could reveal the role of the axial
components of the permanent magnetic field.
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OOTOMETPUYHO U3CJIIEABAHE HA HOBU
B I'AJIAKTUKATA M31

AHTOHMS BBJTUEBA, HUKOJIAW BOMYEB

Kameopa ,, Acmporomus *

Anmonust Bviueea, Huxonaii botives. POTOMETPUYHO WU3CJIEJIBAHE HA HOBU B
T'AJTAKTUKATA M31

W3cnensaHo e pOTOMETPUIHOTO ITOBEICHNE Ha JBE HOBH, €IHATa OT KOUTO € KiIachdecka, M3 1N
2016-07c, a npyrara — moBropra, M31N 2016-07¢, B ranakrukara M31. HoBute ca HaGmonaBaHu
npe3 foau 2016 1., KaTo JaHHATE TOKPUBAT BPEMEBH MHTEpBAl OT MOYTH TpH Mecena. [loctpoeHn
ca TeXHHWTe KpUBH Ha Omsicpka B BVR ¢untpu. OnpeneneHn ca THIBT Ha HOBAara CHOpeN KpUBaTa
Ha ONAChKa M MapaMeThphT £, — BPEMETO 3a TaJaHe Ha ONsAchKa ¢ 2 3B. BENWYMHH. JIMCKyTHpaHa €
3aBHCHMOCTTA ,,MaKCUMaJIeH OJIICHK—CKOPOCT Ha MajiaHe Ha Onmschka™ (maximum magnitude — rate
of decline, MMRD).

Antoniya Valcheva, Nikolay Boytchev. PHOTOMETRIC STUDY OF NOVAE IN M31
GALAXY

otometric behavior of two novae, a classic one, M31N 2016-07¢c, and a recurrent one, M3 1N
2016-07e, in M31 galaxy is studied. The novae were registered in July 2016, and our observational
data are covering a time interval of almost three months. Novae' light curves were constructed in
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1. VBOJI

HoBute ca Tun KaTakIM3MUYHU IPOMEHIINBY, KOUTO Bh3HUKBAT B TECHU JIBOM-
HU CHCTEMH IIPH 3allajiBaHe HA TEPMOSAPEHU PEaKIUU Ha MOBBPXHOCTTA Ha 0510
mxymke [1 Bode, 2011]. BropusT KOMIIOHEHT B cCUCTeMara € 3Be3a oT | aBHara
MOCTIEIOBATETTHOCT, CYOTUTaHT WM YEPBEH TUTAHT.

KpuBute Ha O1siChKa Ha HOBUTE JlaBar HH(OpMAIUs 3a U3MEHEHUETO Ha Osi-
CbKa UM C BPEMETO M C€ XapaKTepu3Hpar C MOKauBaHe, MAKCUMYM U CIIaJiaHe Ha
Onsicbka. Buna Ha xpuBHTE Ha ONSCHKA 3aBUCAT OT MapaMETPUTE HA CHUCTEMAra,
3aToBa TSAXHOTO M3CIEABAaHE € Ba)KEH MHCTPYMEHT 3a pa3dupaHe (u3nkara Ha H3-
OyxBaHUATA U OIIpeeIsIHEe XapaKTePUCTUKUTE Ha TECHUTE ABOMHH CUCTEMH, B KOU-
TO ce MOpakJaT HOBHUTE. B 3aBHCHUMOCT OT BM/a Ha KpHBaTa Ha ONsICbKa HOBUTE
Ce pa3leNsaT Ha HSAKOJKO Kiaca cropen Strope et al., 2010 [18] — S (smooth), P
(plateau), D (dust dips), C (cusps), O (oscillations), F (flat-topped) u J (jitters). B
3aBHCMOCT OT CKOPOCTTa Ha cllaiaHe Ha ONschbKa HOBUTE ca pa3lielieHH Ha MHO20
Ovp3u, Ovp3u, HopmanHo 6vp3u, basuu n mHozo basnu (Payne-Gaposchkin, 1957
[14]). To3u mapaMeThp € CBbp3aH c OAchKa (3B. BETUUMHA) HA HOBaTa B MAKCUMYM
W OT MHOTO TOJMHHU yCUJIEHO ce paboTH MO YTOYHsSIBaHE Ha Ta3H BPb3Ka. 3aBUCH-
MOCTTa MakcHMaJleH OJSIChK—CKOpOCT Ha najaHe Ha Omsacbka (MMRD) naBa Bb3-
MOXHOCT IUPEKTHO OT KpUBaTa Ha ONsCHbKa J1a ce OLEHH Ha KaKBO Pa3CTOSHHE Ce
Hamupa OOEKTHT M MO TO3U HaYMH HOBHUTE MOTAT Aa CE WU3IOJ3BAT 3a MHAMKATOPU
Ha pa3cTosiHie BbB Beesnenara. B nuHeeH By 3aBHCMMOCTTa Hall-4eCcTO ce JjaBa ¢
popmynara M = b logt (d) + a , kbaeTo M € abCoOMIOTHATA 3B. BEIMYUHA, 1 € ChC
CTOWHOCT 2 niuM 3, a {, € BPEMETO 3a HaMaJlsBaHe Ha OIACHKA C 71 3B. BENMYMHH.

CrluecTBeH HallpeabK B KaTUOpUPaHETO Ha Ta3: 3aBUCUMOCT ce HaOonaBa B
MOCJIeTHUTE TONMHH, 3aI0TO MOYTH HE OCTaBaT He3a0ess13aH HOBH B raJlakTHKATa
M31. 3a MHOTO OT TAX € BB3MOXKHO JIa C€ IMOCTPOST MOAPOOHU KPUBHU Ha OJSICHKA,
na ce onpenenst M Wt v B pe3yinrar 1a ce Hamepu TOYHUAT BUJ Ha MMRD
(Darnley et al., 2006 [5], Schafter et al., 2011[16]).

2. KITACMYECKATA HOBA M31N 2016-07C

Knacuueckatra nHoBa M3IN 2016-07¢ (RAJ2000)=00h43m57s.68 wu
DEC(J2000)=+41d34'52".8) e orkputa ot K. Nishiyama & F. Kobachima na 21 ronu
2016 r. oT obceppatopusita Observer Yasuo Sano, Nayoro, SAnonus (CBAT TOCP
PNV J00435768+4134528). ®oToMeTpHuHU AaHHU B BR QUITPH U YTOUHEHHU KO-
opaMHATH ca myonuKyBaHu oT Valcheva et al. [19] (ATel #9264). [Tapasnenuu criek-
TpaJIHU Ha6HIOI[eHI/I$I Ha 0oOeKTa MOTBBbpKAABAT THUIIA U MCCTOIIOJIOXKECHUCTO MY —

HoBa oT criekTpanieH Tun Fell B ramaktukara M3 1. CIekThpBT ce XapaKTepu3upa C
6anmeposu nuanY (Ho 1 HP) ¢ mmpuan FWHM 1300100 km/s [3] (ATel #9296).
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10 gam cnen otkpuBaneto ¥, Chinetti et al. [4] (ATel #9347) peructpupar moBTOp-
HO TIOBHUIIIaBaHE Ha OJIsIChKa HAa HOBATa.

2.1. HABJIIOJATEJIHU JAHHI

Ha6monenuss va M31N 2016-07c ot bearapus ca mpoBeneHH B meprona
22.07.2016-01.10.2016 . B BR crangaptau ¢mitpu ¢ 50/70 cm Schmidt Teneckorr
Ha HAO Poxen (Bx. Tabm. 1). @oToMeTpUYHHUTE YCIOBHUS Tpe3 HAOIIOAATEITHUS
MEPHOJI ca pa3NIUvHM, KaTo IbJIHATA OIMPHUHA Ha MTOJIOBHHATA BUCOYMHA HA 3BE3/-
Hus npodun (FWHM) Bapupa B maTEpBana ot 2.5" mo 4". Bcuuku HabIromaTe tHl
Kagpu ca oOpabOTeHH W € HalpaBeHa anepTypHa GoToMeTpus Ha n3bpaHu oOek-
TH B IIOJIETO. 3a IeNTa € M3IMOJI3BaH CHEUAIN3UPAHUIT aCTPOHOMUYECKU TaKeT
3a 0OpaboTka W aHanmu3 Ha acTpoHoMmuueckd kanpu IRAF. [IpeMuHaBaneTo KbM
CTaHIAPTHHU 3B. BEIMYMHHU € HAIPaBEHO Ype3 KaTajora Ha 3Be3MHU 00eKTH B M31
Ha Massey et al. (2016) [13]. Ha ¢wur. 1 e nokasana kapra 3a uaeHTH(UKAINS HA
HOBaTa B R-puiIThp.

09.07.2016

‘e

®@ur. 1. Kapra 3a ngentudukanms Ha HoBatra M3 1N 2016-07¢: BIsSBO — Ipey OTKPUBAHETO;
BISICHO — ciesl oTKpuBaHeTo. Kagpure ca moxydenu ¢ 50/70 cm Schmidt reneckon Ha HAO Poxxen
B R-¢unTep 1 ca ¢ miom ot 14' x 8'. CeBep e Harope, U3TOK € HAISIBO

Tab6auua 1. Habmromgatenan nanam 3a M3 1N 2016-07¢, nomyuenn ¢ 50/70 cm Schmidt tenec-
xort Ha HAO Poxen B nepuona 07.22.2016-01.10.2016 .

Jlara u yac B[mag] sB[mag] R[mag] sR[mag] Wnrerpauus [s]
2016-07-22T00:57:08 18.47 0.081 4x180
2016-07-22T00:33:55 17.74 0.043 7x180
2016-07-23T01:14:55 18.79 0.102 3x180
2016-07-23T01:03:46 18.18 0.059 5x180
2016-07-24T01:48:01 19.315 0.156 3x180
2016-07-24T01:29:51 18.737 0.093 5x180
2016-08-01T22:21:43 18.833 0.058 5x300
2016-08-01T21:53:29 18.02 0.039 5%300
2016-08-02T21:46:39 18.919 0.192 3x300
2016-08-02T21:30:26 18.350 0.058 3x300
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2016-09-01T21:09:30 19.544 0.080 3x300

2016-09-01T20:46:30 18.804 0.068 5x300
2016-09-02T23:32:35 19.238 0.074 3x300
2016-09-02T23:12:07 18.418 0.071 3x300
2016-09-04T02:28:20 19.290 0.098 3x300
2016-09-04T01:46:03 18.758 0.06 5%300
2016-09-04T22:35:02 19.568 0.071 3x300
2016-09-04T22:12:08 19.057 0.078 5%300
2016-09-06T00:38:48 19.466 0.082 3x300
2016-09-06T00:00:16 18.897 0.107 5x300
2016-09-13T23:06:22 19.240 0.072 5%300
2016-09-13T23:23:37 18.441 0.059 5%300
2016-09-30T01:59:16 19,535 0,076 3x300
2016-09-30T01:39:20 18.925 0.076 3x300
2016-09-30T20:04:38 20.242 0.133 3x300
2016-09-30T19:42:27 18.974 0.074 3x300
2016-10-01T20:30:05 20.169 0.113 3x300
2016-10-01T20:13:08 19.341 0.109 3x300

2.2. KPBA HA BJISICBKA

Ionmyuenara BR ¢otomerpus 3a M31N 2017-07c B mepuona 22.07.2016 t.—
01.10.2016 1. e m3noI3BaHa 3a MOCTPOSIBAHE HAa KPHBaTa Ha OSICHKA, MMOKa3aHa Ha
¢wur. 2, rope. Tsa ce xapakTepu3upa ¢ IJIABHO CIaJaHe Ha OIICHKA, BPXY KOETO ce
HAJIOIaBaT JIOKAJTHA MUHAMYMH W MaKkCUMyMH (OCHWIIAIIMK) U B 1BaTa (UITHPA.
Cropen Bua Ha KpHBaTa Ha OJsichbka, HoBaTa criajga KeM kiac J (jitter) (Strope et al.,
2010 [18]). Habmronenusra peau n30yxsanero Ha 09.07.2016 . 1 cnient 3aTHXBaHETO
Ha 21.11.2016 . Ha M3 1N 2017-07c naBar Bb3MOXKHOCT Jia C€ OIpeNeu rpaHuYHa
3B. BeJIMUMHA B R, HaJ[ KOSITO HOBaTa He ce HabromaBa (CTpeaKuTe Ha ¢Gur. 2).

JanauTte oT nBa GUITHPA HU IaBaT B3MOXHOCT Ja MPECMETHEM H IpOcIe-
UM M3MEHEHHEeTO Ha IBeTa (B—R) Ha HOBara B HaOmromarenHus nepuon (¢ur. 2,
noiy). Cpenaust uBar e ~0.6 mag, KONTO e THIHYeH 32 HOBa, CJIa00 MOBIUAHA OT
EKCTHHKIIHS.
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®@ur. 2. Tope: xpuBa Ha Omsicbka Ha M3 1N 2016-07¢ B BR duntpu. HabmroneHusTa ca noiy4eHu ¢
50/70 cm Schmidt reneckonr Ha HAO Poxxen u ca omicanu B Ta6n. 1. CTpenkure oka3BaT ITpaHHIHA-
Ta 3B. BEJIMYMHA, 10 KOSITO HOBaTa He ce HaOmonasa. Jlomy: BpeMeBa eBoJIonus Ha IjBeTa (B—R)

2.3. PABIIIMPEHA KPUBA HA BJISICBKA

3a ;a ce HampaBW MO-JACTaiJieH aHaIU3 Ha (JOTOMETPUYHOTO MOBEJCHUE Ha
JlaJicHa HOBa, € BAYKHO J1a C€ MPUBIIEKAT BCUYKH JaHHM OT JuTeparypara. Ha dur.
3 e mokasaHa pasmupeHa kpupa Ha Onsicbka Ha M31N 2017-07¢ B R-puithp, 3a
MOCTPOSIBAHETO HA KOSITO Ca W3IMOJ3BAaHM BCHYKU JaHHUW, MYOJMKYBaHH OT Jpy-
ru aBTopu. Habnrogarennure maHHM, MOTy4YeHH B ToBa m3cieaBaHe oT 50/70 cm
Schmidt teneckon na HAO PoxeH, ca nokazanu ¢ mibTHO Kpbrue. Pasnonarame ¢
naHHu B R-puntsp ot 1.6 m Pirka teneckon Ha oOcepBaropusita B Nayoro, Snonus
(CBAT TOCP PNV J00435768+4134528), noka3zanu Ha Qur. 3 ¢ mpa3HO Kpbrye.
Chinetti et al. [4] (ATel #9347) myOnukyBaT mopenuia ot 3B. BEIUYHHH, OTYICHU
c 48-un4oB Teneckor Ha Palomar B 7- (SDSS) ¢duntsp. Makap u mHOTO O113KH, R-
U 7- QUATPH UMAT pa3IMYHH XapaKTEPUCTHKH (€()eKTHBHA IBJDKMHA HA BbIHATA U
mMpHrHa Ha QUATHpa). 3a 1a chIlacyBaMe TE3U JaHHM C HAIIUTE, € HEOOXOIMMO J1a
MPEXBBPIINM 7 3B. BEJIMYMHU B CTaHJapTHaTa cucteMa Ha Cousins. 3a mpexBbpIis-
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HETO € U3IIO0JI3BAHO CJICIHOTO YPABHCHHUE IIPH ITPEATIIOIOXKEHNUE 3a IIJIOCHK CIIEKTHP
B pasmiICxkKaaHus CIICKTPAJICH JUalla3OH:

m—m'=-2.5log Lo ,
Sho

KBJIETO m ¥ m' Ca 3BE3[IHUTE BEJIUYHH B JIBETE (POTOMETPUYHU CUCTEMH, f, U [, ca
cnermduyaanTe moroun npu m = 0 B cucremara Vega.

3amecTtBaiiku ¢ xapaktepHute croitHoctute 3a R (Cousins) u » (SLOAN) B
TIOCIIEIHOTO YpaBHEHHE, ChOTBETHO f, =2.246x107 [erg/cm?/s/A] u f, =2.529x107
[erg/cm?/s/A], omyuaBame

2.529x10”
2.246x10”

R=r(SDSS)—0.13

R—-r(SLOAN)=-2.5lg

Upe3 TOCIEAHOTO PaBEHCTBO MOXKEM Jia TIPEMHHEM OT 7 3B. BEJIMYMHU Ha
Chinetti et al. [4] (ATel #9347) xbM R 3B. BenmnuuHH B cucremara Ha Cousins, To-
Ka3aHU Ha QUT. 3 ChC 3BE3MUUKH.

Korato xpuBara Ha GrsichKa omnrcBa 100pe HaMaIsIBAHETO Ha OJsICHKa, TS JaBa
BB3MOXKHOCT JIa C€ OIPCACIIAT ABAa BaXXHU IMapaMETbpa Ha HOBATa — MaKCUMAJICH
OIICHK M BpeMe 3a Tajane Ha Oisichka ¢ 2 uiu 3 3B. Benm4uuu — £, (£,). [lo3nasa-
HETO Ha Te3W BEIMYUHHM 32 TOJsIM Opoil HOBHU J]aBa B3MOXKHOCT JIa Ce KalInOpupa
3aBUCHUMOCTTa MaKCHMAaJIeH OJSIChK—CKOPOCT Ha IMajiaHe Ha OJschKa, KOSATO T03-
BOJISIBA HOBHTE JIa CE€ M3IIOJI3BAT KaTO MHMKATOPH Ha pa3cTosiHue. Te3u JiBa mapa-
MeThpa 3a M31N 2016-07¢ MoxkeM 1a TIOJTyYHUM OT KpuBara Ha Osichka Ha Gur. 3.
TBii KaTo HAMaMe JaHHH 33 BPEMETO, KOTaTo HoBara ¢ MoBUIlaBalia ONsichKa CH, He
MOXEM Ja CME CUTYPHHU, Y€ Ha6III-OJIaBaHI/I$IT MAaKCUMYM € HCTUHCKHAT U HE MOKEM
Jla TIPECMETHEM TOYHOTO #,. Moxkem o0ade J1a ONpPENENHM BPEMETO, 3a KOETO 3B.
BEJIMYMHA I1I€ HaMaJjiee C 2 3B. BEIMYMHHY (CYMTAHO OT Hai-spKaTa TO4YKa BbPXY KpH-
Bara). Toa 11e HU 1a/1e TOpHA rpanuia 3a £, Kakro ce Bukaa ot ¢ur. 3, £, nonana
B MHTEPBaJ, U3BbH HAIIMTE JIAHHU, U 3a JIa TO ONPEJICINM, IIe EKCTPAIoIupame 10
AR = 2 3B. BeTUYHHHA. 3apaJ¥ BUJa HA KpUBaTa — IBJIIOOK MUHIMYM U (DITyKTyaIlu,
Hal-MOIXO/IANIO 3a ONPEIENIAHETO Ha £, € J1a HAIPaBUM JIMHEHHA EKCTparoanus
MeXy MbpBara (MAaKCHMYMBT) U TIOCTIEIHATa HAOIIoIaTeTHa TOYKa.

Ot nocrpoenara npasa nonydyasame ¢, = 92.1 quu (MyHKTUpaHa CTPEJIKa Ha
¢wur. 3). Criopen knacudukanusara Ha Payne-Gaposchkin (1957)[14] moBara M31N
2016-07c ce mpuumcnsaBa KbM KJac 6aéHa W MMa CKOPOCT Ha crajaHe Oisichka
W(t)) = 2/t,= 0.02 3B. Bennunnn/aen. [locnennara Habronaresna TOuKa B KpUBaTa
HH J1aBa JI0JIHa TPaHHUIA 3a ,, T.€ £, > 69 JHH, a 3a HEONPEIENEHOCT Ha PE3yNITara
e npuemMeM o(%,) = 92 — 69 = 23 nuu.
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®ur. 3. Kpusa Ha 6msacpka Ha M31N 2016-07¢ B R-¢puntsp. CTpenkuTe qaBar rpaHuvHa 3B.
BEJINYHMHA, HaJl KOSITO HOBaTa He ce HaOmonasa. [IpaBaTa, cBbp3Balia MakCUMyMa U IOCJIeAHaTa
Ha0JTrofaTeNnHa ToUKa, 1aBa Bb3MOXKHOCT J1a ObJie OIpeielIeH0 BPEMETO 3a CliaJlaHe Ha OJs1chKa
C JIBE 3B. BEJIMYUHH, [, (BXK. oApaszen 2.3), 0TOENA3aHO ChC CUBA CTPEIKA

4. IOBTOPHATA HOBA M31N 2016-07E

4.1. HABJIIOJATEJIHU JAHHI

[ToBropHara HOBa M3 1N 2016-07¢ (RA(J2000)=00h42m04.05s DEC(J2000)=
+41°17'08.3") e orkputa mpe3 okromBpu 1990 1. ot Bryan (1990) [2] - M3 1N 1990-
10a. Bropoto Helino n30yxBaHe e peructpupano mpe3 rornu 2007 r. ot Hatzidimitriou
et al. (2007) [11] ¢ 1.3m RC-teneckon B obcepBatopusata Skinakas, ['eprins [11]
(ATel #1131 —M31N 2007-07a). [locnegroTo n3byxBane Ha M3 1N 2016-07e e no-
knaaBano Ha 27 romu 2016 1. ot K. Nishiyama u F. Kabashima na CBAT Transient
Objects Confirmation Page. [Ipeamonara ce, ue nepnonst Ha m30yxBaHe Ha M3 1N
2016-07e e mexnay 8 n 9 romuHm, KaTo obade n3OyxBane mpe3 1998/1999 1. He e
peructpupano ot Hukoro. B M31 uma camo oriie 4 moBTOpHU HOBH, YHUTO MEPUOJ
Ha n30yxBaHe e mo-Manbek oT 10 romuam (Shafter et al. 2015 [17]).

CrekTspbT Ha HOBara (IIBPBH CIEKTHP IO TO3W MOMEHT), moiy4eH Ha 30
o 2016 ¢ 4m Temeckonm William Herschel B oGcepBaropmsta Roque de los
Muchachos, Ucniaaus, e nomuaupan ot 6amMeposu tuand (FWHM ~ 2000 km/s),
koeTo noTebpxkAaBa npuponara Ha M3 1N 2016-07e. Fell emucuonnn auaun, Ol
7773, 8446, n Call Tpuret cpio ce Habmonasar [6] (ATel #9281).
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IIpez 2016 . M31N 2016-07¢ e HabnromaBaHa AOCTa WHTEH3WBHO 3apaaf
BpB3Kara cu ¢ M31N 2007-07a u M3 1N 1990-10a. Ontuuan HabmoneHus B BVR
(unTpU ca mpoBeeH U MyOINKYBaHU OT HAKOIKO MeXTyHapoaHu exuna — Fabrika
et al. [7] (ATel #9383), Hornoch et al. [12] (Atel #9386), Goranskij et al. [9] (ATel
#9435). IloTopHara HoBa ¢ HaOmomaBaHa U ¢ 50/70 cm Schmidt Teneckor Ha
HAOQO Poxen. llonydennre nanau B BR ¢untpu ca naaeHu B tabnuma 2, a Kapra 3a
UaeHTUGUKAINAS € TTOKa3aHa Ha (ur. 4.

Taéauua 2. Habnronarennu nanuu, nonydenu ¢ 50/70 Schmidt teneckon
Ha HAO Poxen 3a M31N 2016-07e

Jlara u gac B[mag] sB [mag] R[mag] sR[mag] WnTterpanus [s]
2016-08-01T22:21:43 19.212 0.095 5%300
2016-08-01T21:53:29 18.434 0.100 5%300
2016-08-02T21:46:39 19.095 0.210 3x300
2016-08-02T21:30:26 18.396 0.113 5%300

®@ur. 4. Kapra 3a unentudukamms Ha HoBara M3 1N 2016-07¢: BIsiBO — IpeIy OTKPHUBAHETO;
BJISICHO — clie] oTkpuBaHeTo. Kapture ca nosmydenu ¢ 50/70 cm Schmidt teneckon na HAO Poxen B
R-duntep u ca ¢ miomng ot 14' x 8'. CeBep e Harope, M3TOK — HAJISIBO

4.2. KPMBA HA BIISICBKA

IMonpoGHa kpuBa Ha Onsicbka Ha M3 1N 2016-07¢ moxe na Obae MOCTpoeHa,
KaTo ce N00aBAT U BCHYKH JuTeparypHu nanHu. Fabrika et al. [7] (ATel #9383)
nyonukysar BVR ¢poromerpust or 6 m BTA teneckon 8 CAO, Pycus (dur. 5, mrbt-
Hu pom6Ooge). Hornoch et al. [12] (ATel #9386) nybonukysar VR maHHu oT 65 cm
tesneckon B Ondrejov, Uexus (¢ur. 5, npasuu kpbryera), a Goranskij et al. [9] (ATel
#9435) nyonukysat BVR nannu ot 50 cm Maksutov meniscus Teneckorn B Kpum-
cKara aCTpPOHOMHYECKA CTaHIMsI Ha MOCKOBCKUsI YHUBepcHTET ((Gur. 5, 00bpHATH
TPUBI'BIHUIM). 32 MTO-100pa BU3yanu3ays Ha GUr. 5 KbM CTOiHOCTHTE Ha BV 3B.
BEJIMYUHU € 100aBeHa KOHCTaHTa. Bik/a ce, 4ye TpuTe KPUBH CIIE/IBAT SAMH X0 Ha
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najane Ha OJsIChKa, KaTo pa3NUYHUATE (IYKTYyalllH C€ 0Tpa3sBaT €qHOBPEMEHHO B
TpuTe GUITHPA, BEIIPEKH Y€ JaHHHUTE B B} ca mo-MabK Opoii.

Ha ¢ur. 5 e mokazana cpIo U BpemMeBara eBOJIONHS Ha mBeToBere (B—V) n
(B—R). Ciopen Wright & Barlow (1975) [20] u Hachisu & Kato (2006) [10] #sixosn-
KO JIHU CJIEJI ONITHYHHUS MAKCHMYM Ha HOBHUTE UCTHHCKHUAT UM LBAT cTaBa (B-V) =
—0.03 mag (mokazaH ¢ paBa JHHHAL Ha CPEAHUS TTaHeN ). AKO OTIpeIeTTNM eIUH Cpe-
JIeH BT OT JaHHHUTE, MOXKEM Jla HAlpaBUM OIIEHKA 32 EKCTHHKIIMATA TI0 JIbUa Ha
3peHue KbM HOBara. OT maHHHUTE Hory4aBame <B—J> = 0.37 mag, cnemnoBaTreixHo
E(B-V)=<B-V>—-(B-V),=0.4 magu 4,= 1.2 mag (4,~1 mag). CpenHusr upsr
(B—R) na nonara e ~0.8 mag, xoeto npu cpaBHeHue ¢ nera Ha M31N 2016-07c
(¢wur. 3) cBIIO COYN KBM O-TOISIMA EKCTHHKITHS T10 JIbYa Ha 3peHHe KbM HOBATa.

AKo 00BpHEM BHHMaHHE caMO Ha KpuBara B R-¢unrep (dur. 5, Hail-rope),
MOJKEM BeHAara fia 3a0elie)kuM, 4e TS C€ XapaKTepu3upa ¢ Aocra (payKTyannu Ha
(hoHa HAa OCHOBHOTO CITajiaHe Ha OsIChKa. AKO Te3H QIIYKTyalllH ca JCHCTBUTEITHH,
KkpuBara Ha Omsicpka Ha M3 1N 2016-07e cnenBa na ce knacudwuimpa xaro J (jitter)
criopen kmacudukaruata Ha Strope et al. 2010 [18]. [IpaBu BriewaTiienne obade, ge
JAaHHWTE, MTOKa3aH! ¢ OOBPHATH TPUBI'BIHHIN, C4 CHCTEMHO MO-SPKH OT JIPYTHUTE
TaKWBa, MOMYYEHH B CHIIHS WM B MHOTO OJTM3BK MOMEHT, KaTo pa3jiKaTra BUHATH
e ~0.4 mag. AKo Te3u AaHHU He OBAAT B3ETHU 10 BHUMaHHE, KpUBarTa Ha OIschKa
MOJKE Jla ¢ MPUIHCIIN MTO-CKOPO KBM Kiac S (smooth).

B cniyuas Ha M3 1N 2016-07¢ cbl10 HIMaMe TaHHU 33 TOYHUS MOMEHT Ha Mak-
cUMalieH OJISIChK, HO MOXKEM JIa TTPECMETHEM BPEMETO, 33 KOETO 3B. BEJIMUHHA IIE
Hamasee ¢ 2 3B. BEJIMYNHM (CYMTAHO OT Hal-spKaTa TOYKa BbPXY KPHUBATa), KOETO
OTHOBO III€ HY JIaJI€ TOpHA rpanuia 3a £, OT KpuBara ce BHKJIa, Y€ BPEMETO 32 Clia-
naHe Ha OIsichKa ¢ 2 3B. BEIMYHMHY T10T1a/1a BB BPEMEBHS HHTEPBAJI, 32 KOWTO MMa-
Me HaOJfoIaTelTHy JaHH!. B To3M city4ail TpaANIIMOHHHSAT TOAXON € a Ce HApaBu
JIMHEeWHA MHTEpIoJalMs MEXIy TOUYKUTE, HaMUpaly ce okojo AR = 2 mag. n-
TEpIOJIMpallaTa papara € okasHa Ha Gur. 5 B Kpas Ha KpuBara. 3a f, NoJy4aBa-
Me 109.3-97.3=12+1 nan. Criopen knacudukanusita Ha Payne-Gaposchkin (1957)
[14] mpu ToBa M30yxBane M3 1N 2016-07e monama B Kac 6sp3u. 3a CKOPOCTTa Ha
najane Ha Onschka nonmyyasame v(¢,) = 2/t,= 0.17 3B. BemMInHW/I€H.
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®@ur. 5. Tope: kpuBa Ha 6msicbka Ha M3 1N 2016-07¢ B BVR duntpu. C mIbTHH Kpbhryera ca MoKa3aHHu
nauauTe oT 50/70 cm Schmidt teneckon Ha HAO Posken. [lannute ot Fabrika et al. [7] (ATel #9383)
ca MmoKa3aH| C TIIbTHU poMOoBe; anuuTe oT Hornoch et al. [12] (ATel #9386) — ¢ mpa3Hu kpbrueta, a
nauauTe ot Goranskij et al. [9] (ATel #9435) ¢ 00bpHATH TPUBTBIHUIM. 32 TIO-100pa BU3yaTH3alus,
naHHuTe B B 1 V ca orMecTeHu ¢ koHcTaH-Ta. CTpENKUTE MOKa3BaT IPaHMYHA 3B. BEJIMYMHA B B U
R. TlpaBara JuHMS € JMHEHHA HHTEPIONA-IMS MEX Iy TOUKHuTe (BXK. mozapasn. 4.2). Cpenara: BpemMe-
Ba eBotolus Ha 1Beta (B—V). HenpekbcHarata mnpaBa JiuHus ¢hoTBeTCTBA Ha (B—V) = —0.03 mag.
CuBara HenpeKbCcHaTa JUHUS NPEeCTaBs cpeJHaTa CTOMHOCT Ha ToukuTe <B—V> = 0.37mag. omy:
BpeMeBa €BOJIIOLIMS Ha 1BeTa (B—R)

67



5. 3ABUCUMOCT MAKCHUMAIJIEH BJIISICBK-
CKOPOCT HA ITAJJIAHE HA BJISICBKA (MMRD)

Schafter et al. (2011) [16] u3cnenBar 3aBUCUMOCTTa MaKCUMAJICH OJISICHK—CKO-
poct Ha nagane Ha Omsickka (MMRD) oT criekTpaliHus KJIac Ha HOBUTE, KaTO H3-
non3Bat Hax 30 pa3nuyHu HOBU 3a nepuos ot 20 roguHu. AHAIU3BT MOKA3Ba, Ye ce
HaOJIF0/1aBa JIMHEWHA 3aBUCUMOCT, KaTo Hal-CHIIHO CE€ OTKJIOHSBAT OT Hesl HOBUTE OT
cnekrpainex kinac He/N u He/Nn (Bx. ¢ur. 19 B [16] Schafter et al., 2011). Beapeku
3HAUUTEIHATA TUCTICPCHS, TAHHUTE MOTaT Jia ObJaT alpOKCUMUPAHU C ITPaBa JTMHUS —
Hall-IpKUTE HOBU Hal-00I0 ca Hail-Obp3H, T.e. UMAT Hal-MaJKO BpeMe 3a MajiaHe
Ha ONsIChKa C 2 3B. BEUYMHH. 3a R-QUATHP aBTOPUTE MOJTyYaBaT 3aBUCUMOCT BbB
Buza M, = (10.89+0.12)+(2.08+0.077)*log(z,). Ilpu npemunaBane KbM abCOMOTHA
3B. BEJIMUKMHA € U3MON3BaH MOAY/ Ha pascrosHuero 24.38 mag ([8] Freedman et al.,
2001) u ranakrruna excruakims E(B—V) = 0.062 mag ([15] Schlegel et al., 1998).

®dur. 6 € TOCTPOCHA, KaTo ca M3MOI3BAaHU JaHHHUTE (KpbhIrueTa) U JIMHCHHUSAT
¢ur (mpasara) ot Schafter et al. (2011) [16]. Pegynrarute, monyueHu B ToBa U3-
CJIe/IBaHE, Ca TIOKa3aH!u ¢ O0bPHATU TPUBI'BIHUIM. M31T0NI3BaHN ca CHITUAT MO
Ha Pa3CTOSIHME W € HalpaBeHa KOPEKIHMS CaMO 3a TaJlaKTUYHATa CKCTUHKIUA. 3a
MaKCUMaJIeH OJISIChK CME MPHENTH Hal-IpKUTE TOYKH OT KpuBara Ha ONsichka Ha
M31IN 2016-07c u M31N 2016-07e.

Buxna ce, ue M31N 2016-07¢ nonaia On3Ko 10 perpecHoHHara mpasa, Imo-
mydena ot Schafter et al. (2011) [16], koeTo nmoka3Ba, 4e ASHCTBUTEIIHO HOBATa €
HaOII0naBaHa B/WiIM MHOTO Onr30 10 MakcuMaieH oisicbk. M31N 2016-07e nomna-
Jla lajed OT CTPYIIBAHETO Ha TOYKU U OT IpaBara. 3Be3jara € mo-cyiaba oT ouakpa-
HOTO W HEWHOTO IMOJIOKESHHUE COYHU 3a CHIIECTBEHO IOTIIbIaHe, ~1 mag B R-¢ui-
TBP, KOETO € B IOOPO ChIVIACKE C OIICHKATa, HAIIPaBeHA MO-PAHO OT CPEIAHHS IIBSIT
(B-V), unu 3a HETOYHO OMpEeTHE HA MAaKCUMAJTHHUSI OJIICHK Ha HOBArTa.

Mg
L
-

0 U‘.S ,l l‘.S .2 2IA5 3
loglt, (days)]

@ur. 6. 3aBUCUMOCT MaKCHUMAaJICH OJISICHK—CKOPOCT Ha majiane Ha onscbka (MMRD) B R- duntsbp.

Jannute ot Schafter et al. (2011) [16] ca noka3aHu ¢ IUITBTHUA KPBIryeTa, a perpecHOHHATA paBaTa

uma suja M, = (—10.89+0.12)+(2.08+0.077)*log(z,). C 0ObpHAT TPUBIBIHHUK Ca OKA3aHH PE3yIITa-
TUTE, TIOJIyYCHU B TOBA M3CJeIBaHE (BXK. pasaei 5)
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6. BAKJIIOYEHHME

B HacTosmoTo n3caeaBane ca noCTPOSHH M aHANM3UPAHU KPUBUTE Ha OIsACHKa
Ha knacudeckara HoBa M3 1N 2016-07c u nosropHara HoBa M3 1N 2016-07e. KM
OpUTHMHAJIHMS HaOmrofaTeNieH Marepuan ca 100aBeHH W JaHHW OT JINTeparypara,
KOETO OT CBOSI CTpaHa HalpaBH BE3MOXKHO ONpPEIENTHETO Ha BUJA HA KpUBara Ha
OnsichKa Ha HOBHTE criopes] KiacupukanroHHara cxema Ha Strope et al. (2010) [18]
¥ BPEMETO U CKOPOCTTA Ha MajJaHe Ha OJIAChKa C JBE 3BE3/IHU BEIUYUHU 7.

Kpusara Ha Onsichka Ha HOBata M3 1N 2006-07¢ ce xapakrepusupa ¢ IbJI00K
MUHHMYM 2 JHU CJIEJ PETUCTPUPAHHsI MAKCUMYM U TIOBTOPHO MOKa4YBaHe Ha Ois-
cbKa, KosiTo cropen Strope et al. (2010) [18] cnama kpm knac D (dust dips). Ot
KpHBaTa Ha Oysichka B R-puiiThbp ca onpenenenu £, = 92.1+23 nuu u v(z,) = 0.02 3B.
BEJIMYUHW/IIEH.

KpuBara na Onsicbka Ha moBropHata HoBa M31N 2006-07¢ e or kinac S
(smooth) u ot Hes momyuuxme £, = 12+1 gam u v(¢,)) = 0.17 3B. Benmuuunu/men. Ot
cpennus UBAT (B—V) Ha HOBaTa HalpaBUXME OLIEHKA 3a MOMTBILAHETO 10 JIb4a Ha
3peHne KbM Hes ~1 mag B R-puntbp. ToBa ce mOTBbpkIaBa U OT MOJIOKEHHETO 1
BBbpXY AMarpamara MakCHUMajeH OIIChK—CKOpPOCT Ha najane Ha omsickka (MMRD)
WJIM TIOICKA3Ba 32 HETOYHO OIpeZeIIsiHE Ha 3B. BENWYHHA B MakCUMyM. [lomyueHn-
Te pesyarary 3a M3 1N 2016-07¢ ce cprimacyBar qo0pe ¢ npeanoxeHara ot Schafter
et al. (2011) [16] nuHeliHa 3aBHCUMOCT, TOCTpoeHa ¢ JanHu 3a 30 HoBu B M31 3a
nepuon ot 20 roAuHH.

BaaromapuocTu. Pesynrarute, nmpeacTaBeHd B TOBa M3CJIEABAaHE, Ca 4acT OT
MarmcTbpckara JUIUIOMHA pabota Ha Hukonaii boitues ,,doTomMeTpudHO HU3Chen-
BaHe Ha HOBU B M31%, 3ammrena mpe3 2017 1. B karenpa ,,Actponomus* na Ou-
sudeckus Qakyarer. M3cnensanero e puHancupaHo ot npoekt Ha MOH ¢ HOMep
JIH18/10 ot 11.12.2017 1. 1 YaCTUYHO NOAKPEIICHO OT CTUIICHIMAHTCKATA MPOrpa-
Ma ,,3a )KeHuTe B HaykaTa“ 3a 2015 1.

IRAF is distributed by the National Optical Astronomy Observatories, which
are operated by the Association of Universities for Research in Astronomy, Inc.,
under cooperative agreement with the National Science Foundation.
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Buxmop Amanacos. EHTPOIIMAHA TEOPUSI HA TPABUTALIUSATA

B macrostmara crarust KOHCTpyHpaMe eKCIUTHIMTHO MaxoBcKa TeopHs Ha IPaBUTANUTa HAa OCHO-
BarTa Ha TOBa, 4e HH(opManusaTa BbB Beenenara He Moxke 1a Ob/ie yHUIIOKeHa (mpuHIMN Ha JlaHmayep).
Axo HsMa 3ary0a Ha uH(opMmarus BB Beenenara, To Tp0Ba na ce 3ama3u cymara OT €HTPOIUMTE Ha
FeOMETPUYHOTO M MaTepuanHuTo noie. IIpeuiarame JIOKaleH HHBAPUAHTEH M3pa3 3a CHTPOIHUSATA Ha
TeOMETPHYHOTO Ioie ¥ (GopMyIrpaMe BapUallOHEH IPHHINII 32 SHTPOIMIHUA (QYHKIHOHAI, KOUTO
TIPOU3BEXX 1A SHTPOIUIHY MOJIEBU YpaBHEHHs. T031 HHPOPMaIOHHO-TEOPETHICH MOXO0 ITPeIIIoara,
ye TeOMETPUYHOTO IOJIe He CBIECTBYBA B Ipa3Ha OT Marepusi Beenena, MaTepuannara eHTpOIHs 3a-
BUCH OT T€OMETPHATA, MaTepyusiTa MOKe 1a 00MeHs HH(popManus (EHTPOMHKs) C TEOMETPHYHOTO T10JIe
¥ KBAaHTOB KOHJIEH3aT MOXE Jla KaHAJIM3UPA EHEPrusi B FEOMETPUYHOTO II0JI€, KOraTto € B KOHKPETHO
KOXEPEHTHO ChCTOSHUE. EHTpONMIHUTE I0J€BU YpaBHEHUsS IPUTEKABAT HEHMHTYHTHBHO JUPEKTHO
KyIUIMpaHe MeXIy MaTepHaJHUTE I0JIeTa U FTeOMETPHYHOTO MOJIe, KOETO AEHCTBa KaTo pe3epBoap 3a
enTponws. JJucKyTHpar ce KOCMOJIOTUYHH MOCIIEICTBHS, KaTo IOsIBaTa Ha KOCMOJIOTMYHATA KOHCTAHTa,
KaKTO U eKCIEPUMEHTAIIHH OCIIEANNH, BKIIOUBAIIHN B3aNMOIEHCTBHE MEX Ty TPAaBUTAIMATA U KBAHTOB
KOHJIEH3aT. EHepreTHuHMAT aclekT Ha TeOpHsATa Bh3CTAHOBSBA PENEPTOapa Ha Kilacuueckara o0mia Te-
Opust Ha OTHOCUTEIIHOCTTA JI0 Pa3IMyHa KyIUTHpPallia KOHCTaHTa MEX/1y M0JIeTaTa.

Victor Atanasov. ENTROPIC THEORY OF GRAVITATION

We construct a manifestly Machian theory of gravitation on the foundation that information
in the universe cannot be destroyed (Landauer's principle). If no bit of information in the Universe
is lost, than the sum of the entropies of the geometric and the matter fields should be conserved.

For contact: Victor Atanasov, Department of Condensed Matter Physics, Faculty of Physics,
Sofia University “St. Kliment Ohridski”, 5 boul. J. Bourchier, 1164 Sofia, Phone: +359 2 8161 847,
E-mail: vatanaso@phys.uni-sofia.bg
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We propose a local invariant expression for the entropy of the geometric field and formulate a
variational principle on the entropic functional which produces entropic field equations. This
information-theoretic approach implies that the geometric field does not exist in an empty of
matter Universe, the material entropy is geometry dependent, matter can exchange information
(entropy) with the geometric field and a quantum condensate can channel energy into the geometric
field at a particular coherent state. The entropic field equations feature a non-intuitive direct
coupling between the material fields and the geometric field, which acts as an entropy reservoir.
Cosmological consequences such as the emergence of the cosmological constant as well as
experimental consequences involving gravity-quantum condensate interaction are discussed. The
energetic aspect of the theory restores the repertoire of the classical General Relativity up to a

different coupling constant between the fields.

Keywords: general theory of relativity and gravitation, quantum information, quantum statistical
mechanics
PACS numbers: 04.90.+e, 03.67.-a, 05.30.-d

1. MOTIVATION

Information is physical, that is the erasure of one bit of information increases
the entropy of the Universe by k log2 where & is Boltzmann's constant, that is the
Landauer's principle [ 1]. By bit here we will understand a unit of information, a variable
(or binary choice) that can take only the values 0 or 1 and by information content of
an object — the size of the set of instructions (number of bits) necessary to construct
the object or its state. The Landauer's principle was confirmed experimentally [3] and
led to the resolution of the Maxwell's demon paradox [2], in our view an example of
not well explored connection between physics and information.

Maxwell's demon collects information about a system, lowers its entropy and
increases its energy. The demon's operation has a net result of total conversion of
heat into work, a process forbidden by the second law of thermodynamics. Bennett
showed, that measurements performed by the demon in order to prepare the system
for energy extraction can be done without doing work but that leaves the only one
other possibility consistent with the second law, namely the erasure step, required
to return the demon's memory (erase his knowledge) to its original state necessary
to perform the cycle again, is dissipative. Thus, Landauer's principle resolves a
century old thermodynamic gedanken paradox: the work gained by the engine

acted — KT 10g2 is converted into heat in the process of erasure of information
from the demon’s physical mind W__ = —k,T log2, therefore no net work is
produced in the cycle.

The resolution of the Maxwell's demon paradox with the help of the Landauer's
principle points to the equivalence of conservation of energy and the conservation
of information. However, the conservation of information
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where I is the information associated with a physical object or field, is not an

explored venue in physics and its consequences are largely unknown. In this paper

we will suppose that the information content of the Universe is constant and employ

a variational principle to find the entropic equations of motion as information lost in

one system is transferred as information gained in other system

Sl =38, = 0. @)

These systems might be a quantum condensate and a geometric, that is
gravitational field. We will introduce a concept of information content (entropy) of
the geometric field. The concept of information content of the matter fields is given by
the von Neumann entropy. Throughout this paper by information we will understand

I=S -8, 3)

max

that is the difference between the maximal possible entropy of the system (total
disorder; no knowledge of the microstate the system is in) and the temporary entropy.
The introduction of an appropriate expression for the entropy of the geometric
field goes through the recognition that an entropy can be associated with a black hole.
This entropy is equal to a quarter of the horizon area in Planck units of length [4]:

S o Area of the Horizon. “)

It has also been noted that the dependence of gravitational entropy on area
is not restricted to black holes only but can be asociated with the entanglement
entropy in quantum (conformal) field theories via AdS/CFT correspondence [5].

Assuming a number of restrictions, the entropy in a region of space is limited
by the area of its boundary, that is the holographic principle [6]. In other words, the
entropy bound [4] restricts that the physics in a region of space is characterised by
the amount of information that fits on its boundary surface, at one bit per unit of
Planck area / ;:2.6>< 10-%cm?. Susskind's use of the term ,,hologram® is justified by
the hypothetic existence of preferred surface in space-time, kind of cosmological
horizon, onto which all of the data in the universe can be imprinted at the same rate
of a bit per unit of Planck area.

Alternatively, the main ingredient necessary to derive gravity is information
[7]. In Verlinde's view that is the amount of information associated with matter
and its location, measured in terms of entropy, defined as the holographic principle
dictates. Changes in the entropy when matter is displaced, that is the change in
the interference pattern of the hologram on the cosmological screen, leads to an
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entropic force, which takes the form of gravity. As the author himself admits, to a
degree the result is tautological, that is traveling the path backwards from the final
destination of black hole thermodynamics and the holographic principle, one is
assured to end up at the beginning — the laws of gravity. However, the notion that
gravity might actually be an entropic force is compelling.

Unfortunately, the holographic principle is not an idea that might lead to a
local theory. Experimentally verified theories in physics are local (excluding
entanglement). In local theories the number of degrees of freedom is proportional
to volume. The holographic principle postulates that the entropic content is
proportional to the area of surface enclosing the embedding volume [8].

We believe, that this weakness is mainly a result of the lack of an appropriate
local covariant expression for the entropy of space-time. In the present article
we propose such an expression and explore some of its consequences. We retain
Verlinde's proposition that entropy might actually be an entropic force but re-write
its formulation. We also re-write the standard approach to deriving gravity: instead
of formulating a variational principle based on energy conservation, we formulate
a variational principle based on information conservation.

2. THEORY

Let us assume that the entropy of the geometric field is given by the expression

1

S G ﬁ P (5 )
which is manifestly covariant, provided R is the Ricci scalar curvature and L is a
unit of length, which at the present stage is a parameter in the theory to be built.
This parameter might be equal to the Plank length or the Einstein length L = M,
where A=1.19x107*m? is the cosmological constant, proportional to the energy
density of the vacuum. The inverse of the Ricci scalar curvature is a local geometric
object with the dimension of surface area

1
— oc Area. 6
R (©)

Indeed, this form of the local entropy suffers from a divergence in the case of
R=0, that is flat space is associated with maximal infinite entropy, but this situation
can be remedied by offsetting the singular case

N S
P(R+R)

This fixes the entropy of flat space to some maximal constant value. We are not
going to explore such theory with a cut-off and focus on the main consequences of (5).

(7

G
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The expression for the geometric entropy can serve as a density to a more
generalised estimate of the geometric entropy

Sy—gd'x, (8)

which will be the main ingredient of our theory

IS(; Rd “x+ J.SQM \/Qd *x = const, )

where Sou is the entropy density of the material fields. This is the mathematical
expression of the idea that information in the universe cannot be destroyed but
transferred from the quantum system to the entropy reservoir, that is the geometric
field, and back.

The variation of the geometric entropy amounts to

_I® v, SR 1(. v
o\=eS, =2 =esle, o+ L2 0 =g +— (1 (RI=gg, v,
wheref"(R) = 1/R? is the derivative with respectto R of f{R) = 1/R. This expression can
be varied with respect to the components of the metric tensor and the coefficients of
the affine connection upon recognition of the relation oR,,=-V, d,; +V

and integration by parts [9]

ogSs 1 V. (r@®yeg)-Sv. (r(R=ge” )o:

ore, I
—%Vy (f'(R)EgV“)cS:}

Here we have symmetrised the above relation with respect to the indices u, v.
We have used the Palatini variational method as a mathematical tool to treat the
theory at hand and by introducing new independent fields (the coefficients of affine
connection) to lower the order of the entropic field equations.

Its variation with respect to the metric is given by

5S, 1

G _ —_—
R, L

Note, setting it to zero means that the information we have for the space-time
is maximal, that is the entropy is minimal and therefore its change (variation) as the
embedding space changes its lengthscale is also vanishing.

Indeed the "vacuum" entropic equation of motion

(10)

' ,uv_l v - 1 y2% l Hv —
{f(R)R 2g f(R)} LZRQ{R +2g R} 0.
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R—w® R—©
uv

is vanishing when the geometry of space-time is singular, that is in this entropic
theory of gravity R — 0 corresponds to infinite entropy of space-time and infinite
variation.

. S & . 5SG
. =00 Y =
il M. (12)

In effect, flat space-time appears to be an entropic reservoir with infinite
capacity and the singular points are regions where the entropy and its variation
are vanishing in accord with the classical picture. Disorder is vanishing and the
information about space-time is maximal at singularities. However, R — 0 and R = o
do not define affine connection. In order for affine connection to emerge in the flat
space-time case matter content is necessary. The same is true for the singularity case.

The variation with respect to the affine connection coefficients yields [10, 9]

o—gS;
Ny = v, lrm-ee)-o (13)
ay,
by multiplying with g"* and contracting the indices v, a with the help of the Kronecker
symbol. This relation can be identified as the equivalent of V_g*" =0 and entails

{3
uv 1 >

with respect to g

that is the I''s are given by the Christoffel brackets provided there exists a new
metric "= f'(R)/—gg"". Transforming conformally the metric

g,,= 8, /(f'(R)y—g) back to the metric g, leads to [11]

o 1
I W

Here we have symmetrised with respect to the indices u, v and the first term is
the Christoffel bracket with respect to the metric g,
Since the vacuum equations

N
—— =0 S,
ay,
imply that for R —oo the expression 0 log f'(R)—, as well as R —0 leads to 0 log

,—© & BT (16)

R— HV >

/" (R)— we have no solution for I,
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An important point that needs to be addressed is that (15) does not appear to
define the connection since f(R) as a function of the Ricci scalar R involves the
derivatives of the connection. Therefore, in any theory we should be able to express
R in terms of the quantum matter variation of entropy which should contain only
components and derivatives of the metric g, Note, the vacuum case implies that
thermodynamically preferred is the state of non-existence of the geometric field. A
space-time can emerge only in the presence of matter

5\-gS; _ 8J-8Su (17)
a, a,

which is both an equation for the coefficients of the affine connection and an
indication that the theory is manifestly in accord with the ideas of Ernst Mach
and bishop G. Berkeley, namely the local geometry is determined by the matter
distribution in the Universe. According to Bondi-Samuel classification of statements
of the Mach principle, Mach 7 fits the ideas here very closely [12]: If one takes away
all matter, there is no more space. Note, by lack of space our theory assumes 7 F;fv.
Therefore, the divergence of the expression for the geometric entropy for R —0 is
not a serious drawback of the theory. We will show that the presence of matter will
introduce a cut-off which is intimately associated with the cosmological constant.

Now let us explore the case when quantum matter, which carries its amount of
information (entropy) fills space and can exchange information (entropy) with the
entropy reservoir, namely the geometric field.

Looking for the stationary points of the information functional (9) by varying
with respect to the metric components g, yields

1 { 1 1 Aoy
R‘”+—g”R}=——g“VS +—. (18)
2 p2 oM
LR 2 2 g,
Contracting the indices by multiplying with 8 produces a scalar theory
R= 3 =
r [— 28, +—2 } ; (19)
R
which gives an expression for
1 2 185, |

in terms of the matter content. This expression for f* (R) is a function of the metric
and its derivatives at most, therefore (15) defines affine connection and completes
the geometric field.
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However, the affine connection is governed by (17). The geometric field part
is given by (10), now we need to find out an expression for the material part. Let
us consider the simplest case of a non-interacting quantum condensate which
possesses only kinetic energy

h2
H== oAy ==~ (g’ka 0, -&"T}0,) 1)

where A isthe Laplace—Beltraml operator defined on a three-dimensional hyperplane
of space-time. g, is the three-dimensional metric and Fj[.k is the Christoffel symbol

defined by g. Provided there is curvature in the embedding space the kinetic energy
of the quantum matter becomes length-scale dependent.
The variation of the energy operator with respect to the metric components is

— h ’ A jk ]
. 2 ““_@'@@_Rﬁ)'. .
given by ! which yields (22)
oH _ 1 (55,-13).

urv

%" 2m

Note the variation of the three dimensional metric with respect to the four
dimensional one is easily defined on 3+1 space-time. Here the non-vanishing
contribution comes from indices running in the space part only. By contracting the
indices we can obtain a scalar function which meaning might be clearer

SH SH n’
g o=, - 1,0,)
Indeed, for almost flat space 8uuv =M T M and keeping the zero-th order
terms
oH K ]
o z__ayat :p_ :Hﬂat‘
g 2m “ 2m (24)

This equals the energy operator for the quantum gas in flat space-time. The
variation of the energy operator with respect to the components of the affine

2
OH = _h_ (_ g’\jkér_/lkaf)
connection is given by 2m which yields
oH /S
7 g 8]
nv (25)

an expression which for almost flat space reduces to
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M I Cing )= (26)
a,, 2m 2m

This is proportional to a component of the momentum defined for the flat space case.
The material part of the theory might be re-defined with the use of another
expression for the kinetic energy term:

h? h 1 :
H=——A . =———_08 (| o167 (27)
2m LB 2m '|§| _]( |g |g k)

where A is the Laplace-Beltrami operator defined on a three-dimensional hyperplane
of space-time. |g| = det(g) is the determinant of the three-dimensional metric. With
this definition for the energy of the condensate

H _, (28)
Jﬁv

the variation with respect to the affine connection is vanishing and the major
difficulty in solving the theory can be transferred to the metric part. Thus the
expression (17) can be reduced to (13) since the entropy of the material part, that is
the entropy of the quantum system is a function of its energy:

Sou (H)= —tr(p log p) = %tr(ﬂHeﬂH )+ log Z, (29)

where Z = tr e is the statistical sum emerging from the condition tr p = 1. Here the
statistical operator is equal to (see Appendix)
pP= e
Z o
where = 1/k, T. Here k is Boltzmann's constant and 7 the absolute temperature.
Now we are in a position to write the variation of the entropy of the quantum
system in terms of the variation of its total energy operator:

5, W tr{ pote ™ )—%tr(ﬂHﬂéHeﬁ”) (31)

(30)

The value of this expression is revealed if one considers (27), therefore (28) and
the variation of the entropy with respect to the components of the affine connection
is vanishing. The final entropic field equation is then

5\/%‘51(; - 5RSQM

a a
ay, a,,

=0, (32)

which solution is given by (15) and (19).
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Regarding the first form of the Hamiltonian (21), the variation of the entropy
with respect to the components of the metric tensor becomes

BSoy  Son —logZ oH —pE
oM _ Po o o Pa _
%.. > gﬁ(l//a %.. lw.)

(33)
1 oH B
—— ) PE —— et .
7 ;ﬁ bﬂ(‘;”b ‘ 5&”/ ‘//b>
where E_ = <l//a ‘ H | v, > Therefore, the contracted quantity for almost flat space 1%
= H__, that is using (24),
oS
O (S, ~log Z) - B*(E>), (34)

where (E ? ). denotes mean squared energy. The geometric field part (19) is given by
N 307
=28, +(Sy, —log Z] - pF(E?Y
which also solves (15).
Next, the variation with respect to the affine connection gives

dSQM _ SQM —logZ
oo Z gﬂ@/“ o
H H (36)

1 oH g
_Ezb:ﬁEbﬂ<l//b|ér—j,v‘Wb>e % )

which due to (26) becomes
Sou i
ay, 2m

R

(35)

>e7ﬁh'” -

ﬂ(SQM—logZ)<pa>—2"—hﬂ2<Epa>, (37)
m

where (p,) denotes the mean value of the a component of the momentum and
(E p,,) is the mean value of combined operator Hp, Note, for a quantum condensate
this quantity is vanishing due to the vanishing of the canonical momentum
o
a,,
and for a quantum condensate (32) still applies. In this case, the equation for the
connection (15) holds as long as f '(R) can be expressed as a function of the metric

components and its derivatives. This requirement is fulfilled by the expression for R,
that is (35).

~ 0.
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Let us try to estimate the large volume V' — oo limit to the statistical sums S om
and S,/ dg using the standard statistical mechanics rule [13]
2

V 0
Ea—>p_ & ;%ﬁj‘odpwzpz.

2m
Effectively,
A\ 3 3 1 V
—)—E,SQM —>§+ Ogﬂ_3’
o m
8, 9 v (3%)
28, +—2+ >—=—2log—,
2 R,
_[2an : L
where Aq, = P is the thermal wavelength, which for the purpose of building
B

an intuition takes the following characteristic values: i.) hydrogen atom at the
temperature of the Universe 2.73 K 4, = 1 nm; ii.) liquid helium at lambda point
2.17K 4, = 0,6 nmy; iii.) superconducting Cooper pairs at liquid helium temperature
42K 4, =26 nm.

As a result the entropic field equations have the following behaviour at large
volume

1
R~— 39
5| 2 V (39)
L' ~log—-
3 T4,
which entails cosmological consequences as the large volume limit suggests
that if the principle matter in the universe is hydrogen gas and the volume of the

2 V

present epoch Universe is V= 10¥m’, [14], then —log—— oc x 102 Therefore, the
th

length-scale constant in the expression for the entropy density of the gravitational

’ 1
(geometric) field is L = M, where A is the cosmological term, estimated at

10°m2, that is L is of the order of one tenth of the Einstein length, then
R=—A (40)

Therefore, the quantum matter content can account for the small negative
curvature of space-time, which we term dark-energy.

Now, suppose the quantum condensate is a Bose-Einstein gas at ground state,
that is Sou=0 and
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2 2
logZ 1
<E2>:_(Og )-:(210gZ)2[—kBTj , 41)
Vi 2
the entropic field equation (35) predicts
R — oo, (42)

that is the geometry of space time diverges while the entropy of the geometric field
S, — 0. For a non-interacting Bose-Einstein gas the conditions for this phenomenon
can be further specified

2logZ=3 A, =V"He. (43)

The general solution for S o #0 leading to singularity is given by

l0g Z = Sy ++/28 0, + BHED). (44)

Suppose, we have a Cooper pair gas in the interior of a superconductor at liquid
helium temperature. The thermal wavelength in this case is of the order of 26 nm.
Since V'3 is a characteristic length for the gas, we may assume it is few times the
coherence length for the Cooper pairs £, = 80 nm in the case of Pb (V”3/\/E 48 nm).
At temperature of around 1mK, the Cooper pair thermal wavelength is 2, = 1.7 um
which is appropriate to test the predicted effect.

The predicted divergence in the underlying geometry as the quantum gas falls
into coherent state with particular characteristics seems to violate energy conser-
vation and appears thermodynamically improbable as S + SQM — 0, which is not
a preferred process. However, if such a process is possible locally, it represents a
verifiable prediction of the theory. The curvature of space-time need not diverge
into singularity, but at this state any energetic input in the quantum system can
channel into the geometric field. Similar process with an underlying energy conser-
vation law emerges in condensed matter context[19].

3. ENERGETIC ASPECT

With regard to the energetic aspect of the entropic theory, it can either be i.)
associated with the temperature of the compound system in a way similar to black
hole thermodynamics

dE = TdS « k d Horizon area (45)

where « is the surface gravity on the horizon, provided we have an expression for
the temperature T, or ii.) define the energy of the geometric field (the energy of the
matter fields is given by their Lagrangian) and then obtain an expression for the
temperature if neccessary.

The energy of the geometric field, by virtue of the Einstein theory of gravity,
has been a controversial issue since the inception of the theory principal reason
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being that the canonical energy-momentum pseudotensor (Landau-Lifshitz
pseudotensor) is made up of first derivatives of the metric and these vanish where
the frame is locally inertial at any chosen point, that is it doesn't contain much
useful information [15]. The Einstein pseudotensor [16] fails to be symmetric. The
Cooperstock's hypothesis [17], namely the geometric energy only exists where the
energy-momentum tensor is non-vanishing fails to account for the existence of
gravitational waves [18].

Here we will use an unique definition of the local energy of the gravitational
field which stems from the framework of [19]. A quantum mechanical system
constrained to abide a curved hyper-plane of space-time, produces a geometric
potential from the kinetic term. An energy conservation relation in a material
medium involving the geometric field can be demonstrated. The energy of the
geometric field is given by

2
E.= . R (46)
24m
where R3P is the induced three dimensional Ricci scalar curvature, and m is the
mass of the bosons subjected to the field (in the framework of [19] these are the
Cooper pairs). It is related to the four-dimensional Ricci curvature of space-time

4
with the relation R = ER3D [20].

We are aware that in classical General Relativity the total energy should be
an integral over space at a moment in time, not over space-time, and the Ricci
scalar does not give a coordinate invariant quantity if we integrate it over space at
a moment in time, that is

By = [Rmedx=E, = [0 -1 12 - T Ned'x )

Tolman used the pseudotensor to achieve this result and a more elegant
approach that did not rely upon the pseudotensor was later applied in [15] which
produced the same result.

Here, we adopt a modification that renders an expression with covariant
elements for energy-momentum distribution, including the contribution from
gravity [21]. This modification covers arbitrary systems with time-dependence,
while incorporating the demand that its energy component reduce to the above in
the case of a bounded stationary distribution. As a minimum, a change to a space-
time integral (i.e. replace d°x with d*x) to incorporate a proper volume element. As

well, we replace the R(? component with the complete Ricci tensor in the integrand
to have covariant elements. The resulting structure [21]
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x [ = 1 j RE - gd*x (48)
4

has a trace
P 1 4
* F —EJ‘R,/—gd X. (49)

that yields the invariant field action integral for general relativity.
We are now in a position to state a definition (up to numerical factor) of the
local energy of the gravitational field

2
e I

*

R.
(50)
Here m" is an unknown parameter in the theory with the dimension of mass

(Planck mass is an option m" = m , =Vhc/G). The above expression can serve as
an energy density to an energy functional

2
- [R-gd'x (51)

m

E; =

which can be extended and include matter field via their Lagrangian density L, :

h2
J.( R +LMJ\/?gd4x = const. (52)

m

The similarity with the Einstein-Hilbert action is obvious and therefore its
variation would yield the same equations of motion. In the case of matter free
Universe, that is the "vacuum" case we have:

1
0, =0= R ~—g""R=0. (53)

The entire repertoire of classical General Relativity is preserved. The entropic
aspect implies lim, S, = o which is thermodynamically favourable up to the
non-existence of affine connection (15) in an empty Universe, in accord with the
Mach's principle of relativity. However, a minimal amount of matter would lead to
the restoration of the affine connection aspect of the geometric field.

One last issue deserves attention, namely the quantum aspect. Since information
content can be represented as a set of discrete units called bits, it is only natural
to identify the bit as the quantum of information. The amount of dimensionless
entropy corresponding to one bit is log 2, therefore a quantum of curvature can be
defined with the help of (5) and (40):

R= 21 N A ’
L log2 log2

(54
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where A is the cosmological constant. The quantum of geometrical energy upon the
use of Planck's mass becomes

E, - h”\/g A 0y, (55)
¢ log2

which is vanishing but non-zero. If this is the quantum of energy of gravitational
waves, that is the graviton's mass m, it is well within the bound m, < 1022 eV/c?[18].

4. CONCLUSIONS

In conclusion, we would like to go through the main ideas explored in the paper.
We derive entropic equations for gravity from a Palatini variational principle based
on conservation of information (maximalisation of entropy). Palatini variation is
used in order to reduce the order of the governing equations and we reckon is
not essential to the main results, which are: i.) a local invariant expression for the
entropy of the geometric field can be defined; ii.) the geometric field does not exist
in an empty of matter Universe, that is the geometric field can be constructed in
accord with the Mach's principle; iii.) material entropy is geometry (lengthscale)
dependent; iv.) matter can exchange information (entropy) with the geometric field;
v.) a quantum condensate can channel energy into the geometric field at a particular
coherent state; vi.) an expression for the local energy density of the geometric field
can be defined; vii.) Einstein vacuum equations emerge as the energy conservation
aspect of the theory and are thermodynamically favoured provided some matter
occupies space and viii.) the cosmological constant (the energy density of dark
matter) emerges within the large volume limit in the theory pointing to the non-
existence of dark energy in an empty universe.

The relation of the proposed theory to earlier work is a work in progress, and
the consistency with existing experimental results is to be further analysed at the
level of recovering the newtonian gravitational interaction.
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APPENDIX

Here the statistical operator is equal to
= ﬂ
P 7’ (56)

where g = 1/k,T. Here k is Boltzmann's constant and 7 the absolute temperature.
Z = tr “" is the statistical sum emerging from the condition tr p = 1.
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This solution emerges as a result of imposing a stationary state condition [H, p] =0,
that is the quantum system is in a pure state: [H + 0H, p + dp] = 0, which leads to

[H + 8p, 3H, p] (7
Inserting (30) in the last equation we get

1 Y4 1
—|H,~BoHe ™ |-—|H e |=——=|oH e ™
1 -potie |- [ )= - Lo )
which can further be reduced using the relation [4, BC| = [4,B]C + B[A4,C] to
— BIH, SHe ™~ fSH[H,e "] =~ [6H.e ). (58)

This last relation is fulfilled identically provided [H, 6H] = 0, that is if the
Hamiltonian commutes with its variation (30) is a solution to (57) and the system
remains in a pure state: [H, p] = 0 Explicitly, dp = de?/Z.
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1. INTRODUCTION

The most complicated and extremely diverse pattern of atmospheric boundary-
layer processes relate to a complex terrain in response to a multiplicity of forcing
factors, acting primarily at the mesoscale and microscale [1-12]. Terrain and
land-use inhomogeneity cause thermal circulation domination under quiescent
conditions, or significant modification of the large-scale synoptic flow [13—14].

In addition to natural factors urban areas affect considerably local microclimate.
It is noteworthy that 54% of the world’s population (almost 4 billion) now lives in
urban, rather than rural areas. This is expected to swell to 66%, or more than 6
billion, by 2050 [15], as cities become centers of human activity that provide more
opportunities for realization. Intense modifications of land surfaces occur through
urban development [16], for example, the use of high heat capacity material for
construction and roadways affects local microclimates. The differences in energy
balance, temperature, humidity, and storm runoff between urban areas and rural
surfaces are substantial.

The application of numerical modelling to investigate fundamental scientific
tasks and solve operational tasks became more significant with the rapid development
of new technology and computer science during the last few decades. This made the
problem of improving numerical forecasts an increasingly salient issue, the resolution
of which is highly significant to serving society’s needs. Noteworthy efforts in
improving operational model predictions were made on high-resolution atmospheric
modelling in complex terrain. Correctly treating the land surface properties is
becoming increasingly important for meteorological models to be able to capture
local mesoscale circulation induced by land surface forcing [17]. The main findings
from a number of studies are the importance of better description of topography and
land-use inhomogeneity leading to better description of urban atmospheric processes
such as clouds and precipitation, heat transfer and convection.

Sofia city is located in very complex terrain in close proximity to Vitosha
mountain and better description of the topography is necessary. The standard sur-
face datasets distributed with WRF model is global digital elevation (GMTED2010)
and US Geological Survey land-use (USGS) datasets with resolution of 30-arc-sec-
ond, approximately 1 km at 45° latitude. More recent MODerate resolution Imaging
Spectroradiometer (MODIS) land-use dataset, modified in the International Geo-
sphere-Biosphere Programme Data and Information System (IGBP-DIS) DISCover
are also available for modelling community with resolution of 30-arc-second and
15-arc-second (approximately 500 m at 45° latitude).

Two new datasets have been implemented and adapted in this study: SRTM
l-arc-second (approximately 30 m at considering latitude) digital elevation data
(SRTM, NASA; https://lta.cr.usgs.gov/SRTM1Arc) and the more recent CORINE
2012 with 3-arc-second resolution (approximately 90 m at the same latitude) Land
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Cover data (CLC2012, EEA; https://land.copernicus.eu/pan-european/corine-land-
cover/clc-2012) for Europe. A methodology describing preparation of both static
data field is presented. A comparison between modelling results obtained with rough
and fine topography data, from one side, and different land-use category datasets,
from the other side, are in the main focus of this study. The model performance is
estimated by comparison against observations at singular data points.

2. MODEL SET UP

The well-known Weather Research and Forecasting (WRF) model, version
3.8.1 is used for the numerical experiments. WRF is a state-of-the-art atmospheric
modelling system, designed for broad range of applications. These include idealized
simulations for investigation of specific physical processes in the atmosphere, data
assimilation, and operational forecast.

High resolution numerical modelling in both directions — horizontal (500
meters step) and vertical (50 irregular stretched vertical levels with greater density
in Planetary Boundary Layer — PBL) is required for this study. Two major changes
are introduced into the model in order to evaluate some improvements in its
performance. A new dataset of topography with 1-arc-second resolution, and new
physical surface properties via a more accurate land-use dataset with 3-arc-second
resolution are implemented to WRF. A reclassifying procedure is carried out to
adapt the new information from CORINE Land Cover 2012 to the existing into the
model surface properties from USGS dataset.

Four nested domains are used based on a Lambert Projection (Figure 1), which
essentially covered Balkan Peninsula (Domain 1, D1), Bulgaria (Domain 2, D2),
Western part of Bulgaria (Domain 3, D3) and Sofia Valley (Domain 4, D4). D1 has
36x44 grid points in the horizontal with 32-km grid-point spacing; D2 — 73x65
8-km cells respectively; D3 — 69%x97 2-km cells, and D4 cover Sofia Valley with
157%129 cells with resolution of 500 m.

The initial and boundary conditions (for the parent domain D1) are derived
from the 0.25 degree NCEP Final Operational Model Global Tropospheric Analyses
(http://rda.ucar.edu/datasets/ds083.2/) on every 6 hours. This product comes from
the Global Data Assimilation System, which continuously collects observational
data from the Global Telecommunications System. Data assimilation (fdda model
option) is used for domain D1 at all vertical levels and for domains D2, D3 only
above closest to the ground 10 model levels The fdda option did not apply for the
most inner domain of specific interest.
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Fig. 1. Domains used for numerical calculations with extended view of Sofia valley (500 m grid)

The WREF physics package includes: a sophisticated microphysics scheme [18],
the Rapid Radiative Transfer Model (RRTM) longwave radiation parameterization
[19], Dudhia shortwave radiation parameterization [20], Noah land surface model
[17]. Simplified Arakawa—Schubert cumulus parameterization [21] is used only for
domains D1 and D2. For high resolution domains D3 and D4 cumulus formation is
resolved explicitly by the microphysics. The most sensitive to local surface inhomo-
geneity are surface fluxes and skin temperature which depend strongly on surface
schemes and related PBL schemes used for simulations. Due to this reason most of
the available in WRF model PBL schemes and corresponding surface schemes are
used and compared. These include: Asymmetric Convective Model — ACM2 [22],
Bougeault and Lacarrere—BouLac [23], Mellor—Yamada—Janjic — MYJ [24], Mellor—
Yamada—Nakanishi and Niino Level 2.5 — MYNN2.5 [25], Mellor—Yamada—Nakan-
ishi and Niino Level 3 — MYNN3 [25], Quasi-Normal Scale Elimination — QNSE
[26], Bretherton and Park — UW [27] and Yonsei University — YSU [28].

3. METHODOLOGY FOR IMPLEMENTAION OF HIGH RESOLUTION
EVEVATION AND LAND-USE DATA

WREF uses WPS (WRF pre-processing system) to prepare the boundary and ini-
tial condition fields for real-data numerical simulations. WPS is a set of three pro-
grams and each of the programs performs one stage of the work: geogrid make the
initial fields and interpolates static geographical e.g. terrain and the land cover data,
to the specific domain grids; ungrib extracts meteorological fields from global NCEP
GRIB-formatted files; and metgrid horizontally interpolates the meteorological fields
extracted by ungrib to the model grids defined by geogrid. WPS produces a specific
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readable binary format files for each field. Therefore to use other than the standard
datasets in WRF model it is necessary to convert the downloaded data into WPS read-
able binary format. There are a number of available software solutions to transform
the originally downloaded datasets, the most prominent of which are ARCGIS. We
use R- language in this work however [29].

3.1. PROCEDURE OF HIGH RESOLUTION TOPOGRAPHY DATA PREPATION

The dataset is downloading from the digital elevation NASA database SRT-
M1Arc (https://lta.cr.usgs.gov/SRTM1Arc). A visualization tool, such as EarthEx-
plorer (http://earthexplorer.usgs.gov/), is needed to visualize and select only the
area corresponding to domain use for the numerical simulations. The selection of
the appropriate area allows downloading only a part of the full global dataset. The
SRTM data for the region between 22"-24" meridian and 42%—43" parallel are down-
loaded merged and saved in an ASCII formatted file. A slightly modified version
of Fortran90 code, provided by Lorenzo Giovannini (Atmospheric Physics Group
Department of Civil and Environmental Engineering, University of Trento) [30] and
C program, distributed with the WPS source code, are used to convert the ASCII file
into a WPS readable binary format. Very important part of the procedure is creation
of index file describing all necessary information for the dataset and its geo-oriented
projection. The GEOGRID.TBL file must be changed, adding the path to new dataset
and describing the type of interpolation to be used. The pre-processing system is able
to implement the new topography field via geogrid module.

2300

100 Real ‘Topography 30s T 1s
Observation site height | Height |Diffe Height | Diffe
[m] [m] m | [m [m]
| Sofia - NIMH 588 589 1 590 2
Sofia - Druzhba 548 547 -1 546 2
Sofia - Nadezhda 534 533 -1 534 0
0 Sofia - Hipodruma 581 579 2 582 7 |
Sofia - Paviovo 606 612 6 607 1
Sofia - Borisova Gr. 577 572 -5 570 -7
Dragoman 716 726 10 719 3
Kopitoto 1321 1235 -86 1285 -36
b Cherni Vrah 2286 2209 71 2249 37
100 Murgash 1435 1404 -31 1421 -14

Fig. 2. Topography with 30 and larc-seconds and map of the domain from Google Earth (the upper
panel); map of the difference between both datasets and table with differences for specific sites of
model validation (down panel)
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Figure 2 shows comparison between coarse and high resolution topography
data. The difference is in range + 100 m with the major deviation at high elevation
points. High resolution topography reduces the difference in comparison with the
real elevation for more of the observational sites, most significant for Kopitoto (50
m reduction) and Cherni Vrach (40 m reduction). The change at the Sofia Valley
bottom is not significant.

3.2. PROCEDURE OF HIGH RESOLUTION LAND-USE DATA ADAPTATION

U.S. Geological Survey (USGS) Global Land Cover Characteristics data
are based on 1-km Advanced Very High Resolution Radiometer (AVHRR) data
spanning April 1992 through March 1993. The MODerate-resolution Imaging
Spectroradiometer (MODIS) land cover data are coming from the instrument
operating on both the Terra and Aqua spacecraft with last update from 2006.
Coordination of Information on the Environment (CORINE) programme was
initiated in the European Union in 1985. CORINE based on Earth observation
satellite data available on a regular basis and updated on every 5-10 years with
current update from 2012.

The CLC2012 dataset (http://land.copernicus.eu/pan-european/corine-land-
cover/clc-2012) consists of 44 land categories and differ from the standard USGS
land-use dataset with 24 categories. Some CORINE categories is combined
following the paper of Pineda et al. [31] and adapted to the USGS dataset with the
same surface parameters of corresponding land category (heat capacity, moisture
properties, albedo, roughness etc.). The downloaded data should be clipped for the
region of interest and remapped into 24 USGS categories.

R-language is used for the procedure similar to transformation of the topography
dataset — convert the ASCII file into a WPS readable binary file, construct the index
file, and finally add the path to new dataset and describe the type of interpolation
into GEOGRID.TBL.

Comparison between all four available land-use datasets (three distributed
with WRF public version and one new (CORINE adapted to USGS) is shown in
Figure 3. Urban areas grow very fast during the last decades (including Sofia) and
USGS data do not represent well the current stage of the urban cover. More recent
Modis_30s data with the same resolution as USGS (30 arc-sec) displays better the
city extension (Figures 3a, 3b). From the other side, high resolution data provide
more details on horizontal inhomogeneity and Modis 15s (Figure 3c) better
represent details such as small villages and suburban areas, which are not visible in
Modis_30s data. The most recent CORINE 3s data has finest resolution and better
describe urban area and city park areas, missing in Modis_15s data (Figure 3d).
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USGS _30s Modis 30s

CORINE_3s Modis_15s

Fig. 3. Visualization of urban area that relate to different datasets: USGS_30s (a), Modis_30s (b),
Modis_15s (c) and CORINE _3s (d), adapted to USGS categories
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Fig. 4. Correspondence between different land-use categories in Modis_15s and CORINE 3s

The correspondence between different land-use categories in high resolution
datasets Modis_15s and CORINE 3s is shown in Figure 4. Only presented land-
use categories in the area of interest are included in this comparison. There are
some differences between categories in both datasets and complete correspondence
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is hardly to expect. For example, CORINE 3s works with categories "Dryland
cropland and Pasture", “Cropland/Woodland Mosaic” and “Mixed Shrubland/
Grassland”, while Modis_15s uses corresponding categories “Cropland/Natural”,
“Croplands”, “Grassland” and “Closed Shrublands”. Due to this reason, part of each
category from CORINE is spread around different similar or mixed type categories
in Modis_15s. The main agreement we have for the categories “Croplands” —
22.2% and “Deciduous Broadleaf Forest” — 15.0%. Approximately a half (4.9%)
from the total coverage (10.1%) in CORINE 3s by "Urban and Built-up" category
corresponds to the same category in Modis 15s dataset. The total coverage by
"Urban and Built-up" category in Modis_15s is 8.5% — less than in CORINE 3s
dataset. We have to expect difference in parameters of surface characteristics
between both land-use datasets, which will affect the surface fluxes and main
meteorological fields near the surface.

4. RESULTS AND DISCUTION

The main goal of this study is to estimate possible improvement on model
results for Sofia valley and surrounding mountains. All available observations — six
sites located in Sofia (Borisova Gradina, NIMH, Druzhba, Hipodruma, Nadezhda,
Pavlovo), one in Sofia Valley (Dragoman) and three mountain stations (Cherni Vrah,
Murgash, Kopitoto) are used to estimate the model performance. Four of the sites
are part from the national meteorological network operated by National Institute
of Meteorology and hydrology (NIMH, Cherni Vrah, Murgash, Dragoman) with
data taken manually on every 3 hours (synoptic stations) and the rest are automatic
stations operated by Bulgarian Ministry of Environment and water (Druzhba,
Hipodruma, Nadezhda, Pavlovo, Kopitoto) and Sofia University “St. KI. Ohridski”
(Borisova Gradina). Both static fields — topography and land-used affect the near
surface fields of temperature and humidity.

The selected case study covers 3 days (13—16 August, 2016) with considering
12 hours of spin-up. This period is characterized with anticyclonic fair weather,
dry (low humidity) and quiescent (wind speed < 5 m s at 850-hPa) conditions.
Observations are available for temperature and relative humidity at 2 m in the
area of interest. Due to described above reasons, only temperature is used for
model validation as representative for any significant differences expected. The
effect of moisture and wind is insignificant and substantial changes using different
topography and land-use datasets is not registered.

4.1. HIGH RESOLUTION TOPOGRAPHY DATA — EFFECT ON MODEL PREDICTION

Two model runs are carried out using 30 s or 1 s resolution topography
datasets and Modis_15s land-use dataset. The effect of more accurate topography
representation leads to variance mainly in heat fluxes, skin and near surface (at
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2 m) temperature. Both sites with significant difference in elevation from both
topography datasets, Kopitoto — 50 m and Cherni Vrah — 40 m (see table in Figure
2) are shown as an example in Figure 5. The effect of using high resolution
topography data is most significant at the mountain region showing reduction in
temperature approximately with 1-1.5 degrees (Figure 5). WRF underestimates
day and overestimate night temperatures at these sites in general. The difference
in model results is more significant for temperature maximum prediction.
Questionable improvement in model performance for temperature minimum is
found. The effect of high resolution topography on model performance at the Sofia
Valley is insignificant due to very small differences between both datasets.

22 22 4

Kopitoto - QNSE o 20 Cherni Vrah - BouLac
£ 20 { — 30s topog — 1s topog © © Observ N £ 18 — 30s topog — 1s topog © o Observ
% 18 4 % 16 4
2 16 214+
5 141 £6 & 12 4
o) @ 10
o S g
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Fig. 5. Example of comparison of near surface temperature (in °C) calculated with rough (30 s)
and high (1 s) resolution topography against observations for two selected sites and PBL schemes

Table 1. Comparison between Mean Bias and Mean Error for all considering PBL schemes
and both topography datasets with different resolution

PBL scheme quography 30s To.pography Is
Mean bias | Mean error Mean bias | Mean error

ACM2 0.80 1.36 0.44 1.19
BouLac 1.06 1.24 0.66 1.04
MYJ 1.04 1.24 0.65 1.01
MYNN2.5 0.57 1.32 0.21 1.16
MYNN3 -0.15 1.18 -0.50 1.32
QNSE 0.86 1.15 -0.50 0.94
uw 0.89 1.12 0.52 0.95
YSU 0.67 1.16 0.34 1.11

A simple statistics is calculated using data for three available mountain
observational sites — Kopitoto, Cherni Vrah and Murgash. Table 1 shows model
evaluation for all considering PBL schemes in this study, comparing the results
from runs using different topography datasets (with 30s and 1s resolution).

Slight improvement is registered for all PBL schemes except MYNN3, which
provides the worst results in this study and behaves differently (significantly
underestimate day temperature; see Figure 8) from the other schemes. QNSE and
UW schemes show the best performance, following by MYJ and BouLac. More of
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the PBL schemes demonstrate small positive mean bias (less than 0.7°C), two of
them (MYNN3 and QNSE) negative (—0.5°C). Mean error is approximately 1°C
and show reduction of modelling errors for all schemes (except MYNN3) using
new implemented in WRF topography.

4.2. HIGH RESOLUTION LAND-USE DATA — EFFECT ON MODEL PREDICTION

Two model runs are carried out using high resolution (1s) topography and
different land-use datasets (CORINE and USGS). Some categories from CORINE
was combined and adapted to USGS dataset, as was already mentioned in section
3.2. Comparison between adapted CORINE and USGS maps show significant
difference (Figure 6). The “Urban and Build-Up” category covers the extended
city area in CORINE and replace “Dryland Cropland and Pasture” and “Cropland/
Grassland/Pasture categories surrounding Sofia city in USGS data. Two of the
observational sites NIMH and Druzhba are outside of the city area on USGS map.
There is some difference in other categories also, for example city parks are treated
as mixed forest and are not represented on USGS map.

Grassland
Mixed Shrubland/Grassland

Fig. 6. Comparison of different land categories mapped using USGS (30 s)
and adapted CORINE high resolution (3 s) land-use data

Model performance is estimated using both land-use datasets with 8 different PBL
schemes. A scatterplot and coefficient of determination () are shown in Figure 7. There
is notable improvement in model results produced by all different PBL parametrizations
using high resolution adapted CORINE data. More of the schemes have coefficient of
determination more than 0.9. QNSE scheme shows the best result (2= 0.93).

Some of the observational sites show better agreement with measurements than
others. One example comparing different sites, located in Sofia (modelling result
using QNSE scheme) is shown in Figure 8. Very good agreement with observations
is recorded at Borisova Gradina, Nadezhda and Pavlovo sites (2= 0.97). WRF
underestimates the maximum (day) temperature at two sites Hipodruma and Druzhba,
and overestimates the minimum (nocturnal) emperature at NIMH site (not all sites
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Fig. 8. Evaluation of different observational sites for modelling results using adapted CORINE land-
use (left panel) and comparison of temperature at 2m for all PBL schemes at selected sites (right
panel)

are shown in Figure 8). A shift in time with 1 hour regarding calculated temperature
minimum is found at Druzhba, Hipodruma, Pavlovo and Nadezhda sites. Very fast
drop in temperature after the sunset at NIMH site is not captured by the model and
leads to more significant difference in the time when temperature minimum occurs.
Shift with 3 hours later appears in modelling results with all considering PBL
schemes in comparison with observations. According to observations the minimum
recorded at NIMH occurs at midnight and 3 am for the considering period, but the
minimum calculated by the model appears at 5-6 am — early morning, which is in
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accordance with the remainder of the observational sites at Sofia city. Agreement
with observations when temperature minimum occurs is registered at Borisova
Gradina only. All sites, except Borisova Gradina, are located in urban area according
to model’s land cover map (see Figure 6). In spite of high resolution input data, an
interpolation apply to create average land cover category for each model grid cell
with 500 m resolution. The land category with the greatest weight is taken ("Urban
and Built-up" for example) and small parts with different land categories such as
“Dryland Cropland and Pasture” or “Cropland/Grassland/Pasture, typical for small
parks are not considered in the model. Note that more of the sites are located in open
space areas between the buildings, for NIMH site — large open field. The inconsistency
with the land cover at the observational site affects the surface properties and
probably is the reason for the shift in temperature minimum of modelling results.

, .00: [ N :00:
14-08-2016 09:00:00 - ~— 14-08-2016 20:00:00

110

Fig. 9. Difference (CORINE-USGS) between ground head fluxes calculated using different land-use
datasets; model data with MYJ PBL scheme are shown at 09 and 20 on August 14", 2016

WRF model provide output for main fluxes at the ground — surface sensible, la-
tent heat and ground heat fluxes that balanced the total net radiation (incoming and
outgoing shortwave and longwave radiation). The difference in horizontal fields
between model results using adapted CORINE high resolution data and USGS data
is shown for the ground heat flux for one PBL scheme — MY at selected times
(Figure 9).

Significant variances are displayed in the field of ground heat flux for the urban
and park areas that appears in Sofia city using adapted CORINE data. Different land
categories have diverse surface thermal properties such as thermal inertia, surface heat
capacity; surface emissivity and albedo (see Table 2). Thermal inertia is a physical
parameter representing the ability of a material to conduct and store heat, and in the
context of planetary science, it is a measure of the sub-surface's ability to store heat
during the day and reradiate it during the night. Materials with high thermal inertia
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value show less temperature amplitude during a full heating and cooling cycle (day
heating and night cooling process) than those with lower thermal inertia. For example,
the large volume of asphalt, brick, concrete and other materials give urban areas a
low thermal inertia than rural areas (Table 2). Surface heat capacity is the measure
of the increase in thermal energy content or heat per degree of temperature rise. It
denotes the capacity of a material to store heat. Surfaces with more heat capacity like
mixed forest (Table 2) will need more time and more energy from the sun in order
to increase their temperature during the day. The effectiveness in emitting energy as
thermal radiation is responsible mainly to faster heating and cooling of the surface
in urban areas comparing with non-urban. Combination of all these parameters
relate to the ground heat flux. A positive difference in ground heat flux (CORINE —
USGS) appears in areas corresponding to park regions in Sofia city from the adapted
CORINE categories (see Figure 6). All added “Urban and Build-Up” areas with high
resolution data (see Figure 3) lead to negative difference in ground head flux during
the first hours after the sunrise. In opposite the sign of the difference of ground heat
flux change after the sunset and the magnitude is more than two times less.

Table 2. USGS LU categories (the same are used in adapted CORINE data) and their physical
parameters for 'summer' season are taken from LANDUSE.TBL in WRF model. Parameters from left
to right are: albedo (%), soil moisture availability (x100%), surface emissivity (%), surface roughness

length (x 102 m), thermal inertia (4.184x102Jm?K-'s"?), surface heat capacity (x10°Jm>K™")

Land Categories | ALBD | SLMO|SFEM |SFZ0 | THERIN | SFHC
Urban/ Built-Up Land 15 0.10  0.88 80 3 1.89
Dryland/Cropland/ Pasture 17 0.30 0.99 15 4 2.50
Cropland/Woodland Mosaic 16 0.35 0.99 20 4 2.50
Mixed Forest 13 0.30 0.97 50 4 4.18

5. CONCLUTIONS

Two new datasets have been implemented and adapted in WRF model and
used in this study: SRTM 1-arc-second topography and the most recent CORINE
Land Cover 2012 with 3-arc-second resolution. A reclassifying procedure based
on previous works have been applied to 44 CORINE land categories and
remapped to USGS 24 categories. Better representation of topography and land
cover lead to change mainly in heat fluxes, skin and near surface temperature (at
2m) and these characteristics were considered in the study.

The application of high resolution topography is the most important for
mountain regions, where the changes in topography elevation are significant. An
increase in peaks height indicates reduction in calculated temperature approximately
with 1-1.5 degrees. Implementation of high resolution topography data in WRF
show improvement of model performance for mountain stations for all PBL
schemes except MYNN3.
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CORINE is the most recent dataset and ensures better description of actual
urban areas than USGS dataset. High resolution of the new data allow to increase
model’s horizontal grid resolution (500 m) and update the land cover to better
represent surface characteristics that may have changed in recent years. There is
notable improvementin model results produced by all different PBL parametrizations
with coefficient of determination between 0.88 and 0.93. Very good agreement
with observations is achieved at sites: Borisova Gradina, Nadezhda and Pavlovo
sites (#* = 0.97). WRF underestimates the maximum (day) temperature at two
sites Hipodruma and Druzhba, and in contrary overestimates the minimum (night)
temperature at NIMH site. Also a shift in calculated minimum temperature is found
for all sites except Borisova Gradina. Different land categories have diverse surface
thermal properties such as thermal inertia, surface heat capacity, surface emissivity
and albedo. Inappropriate representation of land cover at specific sites can be the
reason disagreement between the modelling result and observations.

A positive difference in ground heat flux (CORINE-USGS) appears in areas
corresponding to park regions in Sofia city from the adapted CORINE categories.
All added “Urban and Build-Up” areas with high resolution data lead to negative
difference in ground head flux during the first hours after the sunrise. In opposite
the sign of the difference of ground heat flux change after the sunset and the
magnitude is more than two times less. Therefore using the appropriate dataset
is necessary in efforts to improve numerical weather simulations and enhance
weather forecasting capability.
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bopana Mapxkosa, Bopuc Anaxues, Pymana Muyesa. TEPMOJUHAMUYHNU YCJIOBUA
ITPU PASBBUTUE HA TPBMOTEBUYHU OBJIALIN HAJI CEBEPO3AITA/IHA U FOI'O3AIIAL-

HA BBJITAPUSA

AHanu3upaHy ca CTaTUCTHYECKHUTE NapaMeTpy Ha Pa3sNpeeNeHUeTO Ha TP MPU3EMHHI METEO-
eJIEMEHTa (TeMIIepaTypa, MaKCHMallHa TEMIIEpaTypa U OTHOCHUTEIHA BIAXHOCT), HA TeMIepaTrypara
Ha HKBO 850 hPa 1 Ha nBa MHAEKca Ha HeycTOHUMBOCT (K ¥ Hi) MOOTACIHO NPH pa3BUTHE HA TPHMO-
TEBUYHH (th) 1 HETPBMOTEBUYHH (0F) KylecTO-AmKA0BHU oOnaiy Haj CeBepo3anagna (NW) u Haz
IOrozananna (SW) Bbenrapus. C momomnnra Ha AMCKPUMUHAHTEH aHANIU3 Ca ONpEIeNICHN NParoBuTe
UM CTOMHOCTH 3a pasrpaHnyaBaHe Ha th oT or oOnany Haj 1Bara paiioHa. AHaIM3bT IOKA3Ba, 4e HAMa
pasnuKa B TEMIEpPaTypHUTe MPH Pa3BUTUE HA KYMECTO-IbXI0BHH obnay Hag NW u SW bbirapus.

Boryana Markova, Boris Yanakiev, Rumjana Mitzeva. THERMODAINAMYC CONDITIONS
AT THE DEVELOPMENT OF THUNDERSTORMS OVER NORTHWESTERN AND
SOUTHWESTERN BULGARIA

Statistical parameters of the distribution of three surface meteorological parameters (temperature,
maximum temperature, and relative humidity), and temperature at 850 hPa, and two instability
indices (K and Hi) are analyzed separately for ordinary (without lightning or) and thunderstorms (¢h)
cumulonimbus, developed over the northwest (NW) and southwest (SW) Bulgaria. Using general

3a konmaxmu: bopsna Mapkosa, HUMX, Lapurpaacko moce 66, Codpust 1784,
GSM: +359 889517681, E-mail: boryana.markova@meteo.bg
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discriminant analysis the threshold values of parameters, which are able to discriminate between
th and or clouds are determined over the two regions. The results indicate that the cumulonimbus
develop at similar temperature over NW and SW Bulgaria.

Keywords: instability indices, thunderstorms, discriminant analyses
PACS numbers: 92.60.Pw, 92.60.Qx

1. BbBEJIEHUE

[Mpe3 mocneanute ToamHu B EBpoma ce HaOmomaBa pa3BUTHETO Ha Bce
MO-MOIIHU U OIyCTOLIMTENHU OypH, CBbP3aHU C MHTEH3MBHA IPBMOTEBUYHA JIEH-
HOCT ¥ BayiexH [1—4]. M3BecTHO €, ue TIXHOTO (hOPMHUPAHE U MO-HATATHIIHO Pa3-
BUTHE CBIIECTBEHO 3aBHUCAT OT YCIIOBUATA B OKOJHaTa cpeda. Ilpu ycraHoBsBaHe
Ha MOAXOASAIIH MPESAUKTOPH 33 Pa3BUTHETO HA TPBMOTEBUYHH OOIalld MOTAT Ja ce
MOAOOPSAT KaKTO MPOTHO3aTa UM, TaKa U MPEeAyPexIeHHUATa 32 OIIaCHU U 0COOEHO
OTIaCHHU SIBJICHUS, CBBP3aHH C THX.

ToBa e ocHoBaTenHa MpUYMHA Aa ObAAT M3CICIBAHH YCIOBHSATA B OKOJHATa
cpena MpH pa3BUTHETO Ha KYNECTO-IbKAOBHUTE oOnanu. B nmureparypara MHOTO
aBTopu (Hampumep [5-9] u np.) mpecMATaT U pa3mIeKIAT Pa3IuYHN UHIEKCH Ha
HEYCTOWYMBOCT KaTO OCHOBHHU XapaKTEPUCTHKH HA TEPMOIMHAMHUYHUTE YCIOBUS
B OKoJHaTa cpefa. OOMKHOBEHO ce OMpPEAeSIT IPAaroBH CTOMHOCTH Ha aHAIHU3UpPa-
HUTE XapaKTePUCTUKU (METEOEIEMEHTH, MHJIEKCH Ha HEyCTOMYMBOCT), KOUTO pa3-
rpaHMYaBaT yCIOBHATA 32 0Opa3yBaHe Ha PbMOTEBUYHUTE OT HETPHMOTEBUYHHUTE
oOJany 3a 1aieH paiioH, KaTo € yCTaHOBEHO, Y€ HAMEPEHHTE MIParoBe ca pa3inyHu
B 3aBHCHMOCT OT paifoHa U C€30Ha Ha pa3mIeKJaHe.

B bovarapus ot 60-Te roqMHu Ha MUHAINA BEK B MpoabKeHne Ha 20 roauHu
Bb3 OCHOBA HAa CHHOIITHYEH aHAJIN3 U aHAJIU3 Ha TEPMOJAMHAMUYHHU XapaKTepUCTH-
K1 Ha aTMoc(epaTa ce TbPCAT KpUTEPHH 32 IPOTHO3a Ha TPhMOTEBUYHA AEHHOCT U
rpanymku [ 10—16]. [Ipe3 mocneaHuTe TOMMHU ca HATIPABEHU HOBU U3CJICBAHUS HA
yCJIOBUSITa B OKOJIHATA CPe/ia, IPH KOUTO C€ pa3BUBAT KyIECTO-IbXKI0BHH OOJAIIH.
B [17] e mpeanioxkeH MeTOA 3a MPOTHO3a HA BEPOSITHOCTTA 33 PA3BUTHE HA TPHMOTE-
BUYHU 00auu Haa beirapust npes netHus nepuon. Pesynrature ot aeraiinen ana-
JIM3 Ha yCJIOBUSATA, IPU KOUTO CE Pa3BHBAT IPbMOTEBUYHUTE 0Onany Haj M3rouna
bovarapus, e npencrasen B [18].

LlenTa Ha HacTosIaTa paboTa € Ja ce HaMepAT IParoBu CTOWHOCTH Ha pa3iny-
HU METEOEJIEMEHTH U UHJIEKCH Ha HEyCTONYNBOCT, KOUTO Ja MOCIIY>KaT KaTo HHAH-
KaTopH 3a pa3BUTUETO HA IPbMOTEBUYHHU 00nay Haj 3ananna bearapust. [Ipeasun
pasiukara B peneda, KIMMaTUYHUTE 0cOOeHOCTH U Jp. Mexay CeBepo3anaaHa u
Orozanagna bearapus emHa ot 3amaunte B padoTara € Aa ce YCTAaHOBU M Jlad
MMa pasiiuKa B yCJIOBHATA B OKOJIHATa Cpejia MPU Pa3BUTHETO HA TPBMOTEBUYHU U
CHOTBETHO HEIPbMOTEBUYHHU 00Jaly B J1BaTa paiioHa Ha bbarapusi.
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2. U3IIOJI3BAHU JAHHN 1 METOJOJIOT' A

B pabotara ca n3cieqBaHu ycloBHsATa B OKOJHATA Cpena, Ipu KOUTO ce pas-
BUBAT KyIeCTO-ABXI0BHU 00NalM ¢ U 0e3 MBJIHUYU N0oTAEIHO Haj CeBepo3anan-
Ha (NW) u lOrozanagna (SW) Bbearapus. Cinydyante Ha rpbMOTEBUYHHTE 00Na-
1y (thunderstorm) ca o3HaueHU C th, a Ha ABXKIOBHUTE HETPBMOTEBHYHHU 00Nann
(obukHOBeHN) (ordinary) — ca O3Ha4€HHU C OF.

Wznom3Banure nanuu ca 3a 732 nHU U ca pasmienanu 1197 cimyuas Ha Kynec-
TO-IBKA0BHHU O0JIAIH, Pa3BUIIU CE B CIIEIO0EIHUTE YACOBE B MECEIIUTE MEXKAY APyl
u cenremBpH npe3 nepuoaa 2006-2009 r. CiryyanTte Ha HETPBMOTEBUYHH 00IaL OF
ca 187 B CeBeposananna u 300 B FOrosanaana bearapus. bposT ciyuaun Ha pa3Buiau
ce TpbMOTEBUYHH 00naI th e croTBeTHO 282 B NW 1 428 B SW brirapus. 3a na ce
YCTaHOBH IIpY KaKBH YCJIOBUS B OKOJIHAaTa Cpefia ce pa3BUBaT KOHBEKTHBHU 00JaLH, €
HEeoOX0IMMO Jia ce o3HaBa Npo(WIIBT HA TEMIIEpaTypaTa 1 BIaKHOCTTA B aTMOcde-
para. [1o mogo6eH Ha4KH, KaKTO € MPOBE/ICH aHAMU3bT B [19] 3a pasrpannyaBaHe Ha
YCJIOBHATA IIPH Pa3BUTHE Ha KYIIECTO-IbKI0BHH 00Ja1H, pa3Buiu ce Hag CeBepons-
To4yHa 1 FOrousrouna benrapus, u Tyk ca U3M0JI3BaHU alPOKCUMHUPAHHU COHAAXKH OT
GFS monen [20] 3a 1200 UTC. Ot 14X ca B3eTH JaHHU 3a TEMIIEPATypa 1 BIAKHOCT
Ha BB3/IyXa Ha pa3au4yHu arMochepHH HuBa. [Ipu3eMHUTE METEOPOIOTHYHN AaHHU
(HaysiraHe, OTHOCHUTEIIHA BIAKHOCT Ha Bb3IyXa, TEMIIEpaTypa 1 MaKCHMaJlHa TeMIIe-
partypa Ha Bb3IyXa) ca OT U3MepBaHHs B 6 CHHONTHYHHU CTaHUWHM Ha HaumoHamHus
HWHCTHUTYT 10 MeTeopoorus u xuapoiorus (HUMX), pasnonoxkeHu Ha TEpUTOpHUATA
Ha 3anagHa bearapus. Tpu oT CHHONTHYHKTE CTAHIMU ca pasnoiaokeHu B CeBepo-
3ananHa benrapus — Bunun, MonTtana u Bpana, u tpu — B FOrosanagna benrapus —
Codus, Krocrenaun nu CannaHcku.

W3BecTHO €, 4e pa3BUTHETO Ha KyNECTO-IBXKIOBHA OOJaYHOCT 3aBHCH OT
TeMIIepaTypara IpH 3eMsATa U OT TEMIIepaTypuTe Ha Pa3InYHU HHUBA, OT HEYCTOM-
YMBOCTTA M BIAKHOCTTa Ha aTMocgepara. BpB Bpb3ka ¢ ToBa B paborara ca u3-
CJIeZIBaHM IIpU3EMHATa Temreparypa 7, OTHOCHTENHATa BIaXXHOCT Ha Bb3ayxa RH,
MaKcMMaJHara npM3eMHa Temmeparypa 7 W Temmeparypara Ha HuBo 850 hPa
T, IlpecmeTHaru ca nBa TepMoauHaMuiHu unaekca: K [21] u Humidity Index Hi
[22], KOMTO ce U3MON3BAT 3a XapaKTepU3UpaHe HEyCTOWYNBOCTTA Ha aTMocdepara,
BEPOATHOCT 3a IPHPMOTEBUYHA AECHHOCT M 3HAYUTENHU Bajexu. HaumHbT UM Ha
npecMsITaHe € MoKas3aH B Taon. 1.

Hamnpasen e t-tect ¢ HUBO Ha 3HaunMocT o = 0.05, ¢ moMoITa Ha KOWTO €
MIPOBEPEHO AU UMa CTAaTUCTHUYECKU 3HaYMMa Pa3JInKa MEX1y CPEAHHUTE CTOHHO-
CTH Ha aHAJIM3MPAHHUTE XapaKTEPUCTHKU Ha OKoJHarTa cpeaa B CeBepo3amanHa U
IOro3anagna bearapus npu pa3BUTHETO KakTO Ha IPbMOTEBUYHH, Taka U Ha He-
IPBMOTEBUYHHU 00JIaLH.

3a BCEKM €IMH pailoH ca MPECMETHATH CTaTUCTUYECKHU TapaMeTpH Ha pasmpe-
JeTICHUETO Ha ChOTBETHUTE BEJIMUMHM (CpeHa CTOMHOCT, MeNaHa, JOJIEH U TOpeH
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KBapTHJI), KaTO Pe3yATaTUTe ca MPEICTaBeHH U B TAOIWIU, U Ca WIIOCTPUPAHH C
KBapTIJIHA THarpama.

Tabauua 1. @opmynu 3a npecMarane Ha K u Hi, hopmynu 3a npecMarane Ha POD n FAR: T,
T, u T, ca temneparypu [°C] Ha nuBo 850 hPa, 700 hPa u 500 hPa cporBeTHO; T T .1

700 500 d850 >~ d700

T,,,, ca Touku Ha opocssane [°C] Ha HuBO choTBeTHO 850 hPa, 700 hPa u 500 hPa; x — 6poii Ha

KOPEKTHO KIacH(UIMpaHUTEe IPBMOTEBUYHM ClIy4au, y — Opoil Ha HEKOPEKTHO KIacH(UIMpPaHUTE
IPBMOTEBUYHH CIIy4aH, w — OpOil Ha HEKOPEKTHO KJIaCU(UIIMPaHUTE HEIPbMOTEBHYHH CIIydan

[Tapamersp 3HaK 1 YpaBHeHHE
MepHa eIMHHIA

K-Index K [deg] K= (TssofTsoo) + Td8507 (T7007Td700)
Humidity Index Hi Hi = (T-T) eyt (T-T )00+ (T-T,) 4,
Probability of detection ~ POD POD =~

x+y
False alarm ratio FAR FAR =

x+w

Cnomorira Ha 0OMKHOBEH JMCKPUMHUHAHTEH aHau3 [ 23] ca oTpeieIeH! TParoBu
CTOMHOCTH Ha HM3CJIEIBAHUTE XapaKTEPUCTUKU Ha OKOJIHATA Cpenia, Ha/Tox KOUTO
¥Ma ToJIsIMa BEpOSTHOCT 3a pa3BUTHE HA TPbMOTeBHYHM 00any Haa CeBepo3arnagHa
n lOrozanamna bwirapus. B paborara e HampaBeHa OIIGHKa Ha YCIIEBAEMOCTTA
Ha TIOJYYEHHUTE IPAaroBH CTOMHOCTH 3a pasrpaHW4YaBaHe Ha TPHBMOTEBUYHU OT
HETPBMOTEBUYHH 00maiy, kato ca npecMetHatn POD (probability of detection) u
FAR (false alarm ratio) [24]. HaunabsT M Ha pecMsiTaHe € MoKa3aH B Tao. 1.

3. PE3VIITATU

Ot undopmanusTa, npeAcTaBeHa B Tad. 2, ce BIXK/a, Ue pa3rKara B CpefHara
CTOMHOCT Ha TeMIIepaTypara py 3eMsTa IPU pa3BUTHETO HA IPBMOTEBUYHHU 00JIann
th van NW n SW bwnrapus ca mHoro manku. Cpennara croifHocT Ha 7' B NW
Bearapus e 24.5 °C, aB SW boarapus e 24.9 °C. Takasa manka paziuka, nog 1 °C,
ce HaOJroaBa M MpY OCTaHAIUTE TEMIEpaTypH, KOUTO ca u3cienBaHu. To3u H3BO
€ BaJIM/ICH U 32 CbOTBETHUTE CTOMHOCTH Ha MEIMAHAaTa, I0JIHUS U TOPHUS KBapTHIL.
AmHanoruyueH pesyiraTr ce HaOno#aBa M MpH MapaMeTpuTe Ha pasmpenesicHue 3a
CllyyauTe Ha HETPbMOTEBHYHH OOJIALM OF, PAa3BWIIN CE HAJl ABaTa paioHa.

IIpencraBenuTe pe3ynTaTH MOKa3Bart, Y€ CPEAHUTE CTOMHOCTH HA TEMIIEpaTy-
para mpu 3eMsTa 1 BbB BUCOYMHA TPH Pa3BUTHE HA TPHMOTEBUYHU obmanu th ca
3a0eJIe’KUMO TI0-BUCOKM OT CHOTBETHHTE TEMIIEPaTypu NMpPU Pa3BUTHE HA HEIPb-
MOTEBUYHH BajeXHH oOnau or xakto B CeBeposananHa, Taka U B FOroszamaana
Bwnrapus. Taka HanmpuMep, cpeHaTa CTOMHOCT Ha 7 IpU TPBMOTEBUYHUTE 00Ianu
U B JIBaTa paiioHa e Hax 24 °C, a cpeHara CTOMHOCT 3a ChbOTBETHUTE TEMIIEpaTypu
NpY pa3BUTHE HA HEIrPBMOTEBUYHU obOnaiy e ¢ 5—6 °C mo-Hucka (tadm. 2).
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Taomuua 2. [Tapamerpu Ha pasnpeneneane Ha 7, I’ u T,

max 850

MIPU pa3BUTHE HA HETPHMOTEBUYHH
obnanu or u rppMOTeBUYHHN 00anu th Han CeBep3anagna (NW) u FOrozanagna (SW) benrapus

[MapameTsp Paiion vae Ana Menunana Hozen Toper
CTOHUHOCT KBapTI/IJI KBapTI/IH
Th NwW 24.5 24.0 0.6 28.6
SwW 24.9 25.0 20.7 29.0
T NW 19.1 19.0 16.4 22.0
or SW 18.4 18.0 14.2 21.8
T NW 25.6 26.0 22.2 29.5
max SW 26.3 26.4 23.0 30.1
T ; NW 20.1 20.0 17.5 23.2
max SW 19.3 18.9 15.6 22.8
T NW 13.7 14.3 11.3 16.9
850 SW 14.4 14.7 11.9 1.3
T NW 8.9 9.0 6.2 11.9
ss0 7 SW 8.8 8.5 56 11.8
T Tmax
34 34
32 32
30 30
28 28
26 26
g; 24
Ll | @@@@
16 18
14 16
12 14
10 T NW th T NW or 12 Tmax NW th Tmax NW or
a) T SW th T SW or 6) Tmax SW th Tmax SW or
T850
20
18
16
14
12
10
8
6
4
2 T850 NW th T850 NW or
B) T850 SW th T850 SW or

®@ur. 1. KpapTuiHa quarpama 3a: a) npu3eMHa Temmneparypa 7; 0) MakcUManHa Ipr3eMHa
IpH pa3BUTHE Ha HETPHMOTEBUYHU
obnaiu or ¥ rppbMoTeBUYHM oOnany th Hag Cesepozananna (NW) u FOrozanagna (SW) Benrapus.
[Toxazanu ca 10-tu, 25-t1, 50-TH (TOUKa), 75-T ¥ 90-TH NPOLIEHTUI

Temneparypa I ; B) TeMnepaTypa Ha BucounHa 850 hPa T,

ax’

50

OcBeH TOBa KakTO MEAMAHWTE, Taka U CTOMHOCTHTE HA JOJIHUTE W TOPHHUTE
KBapTIJIM Ha MpH3EeMHATa TeMIlepaTypara, Ha MakCHMallHaTa TeMIieparypa U Ha
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TeMrieparypara Ha HuBO 850 hPa ca 3abeneXxuMo 1O-BHCOKH NPU Pa3BUTHE Ha
TPBMOTEBUYHHA OONAlH, OTKOJKOTO CHOTBETHHUTE CTOWHOCTH TPH Pa3BUTHE Ha
HErpbMOTEBUIHH o0Jary. Toa moope ce Bikaa u oT Gur. 1. OT HarpaBeHHsI aHATN3
MOJXKE J1a c€ Kake, 4e TphMOTeBUYHN oOnanu th Hax NW u Hanm SW bearapus ce
pa3BUBAT MPH NPUOTU3UTEIHO €HAKBY TEMIIEPATypH MPH 3eMATa ¥ BbB BUCOYMHA.
ChIIOTO € BaUIHO | 332 CPETHUTE CTOWHOCTH HAa TEMIIEpaTypHUTE, P KOUTO Ce
pa3BHUBaT HETPHMOTEBUYHHN OOJAIM HAJl BaTa paiioHa, HO Te ca 3a0eNeXnMo I10-
HUCKH OT TEMIIEpaTypUTe, IPHU KOUTO C€ Pa3BUBAT TPHMOTEBHYHUTE OOIAIIH.
PesynTaruTe OT #-TECT MOKA3BaT, Y€ pazuKaTa MeX,y CPEIHUTE CTOMHOCTH Ha
T, T wu T, NPH KOUTO CE Pa3BUBAT KyNECTO-IbX10BHM oOnamy Hax NW u SW,
HE € CTaTUCTUYECKH 3HauMa — ¢ HUBO Ha 3HaunMocT o = 0.05 (Bxk. Tab:. 3), KakTo
IIPH PA3BUTHETO HA TPBMOTEBUYHH t1, TaKa U TIPH HETPHEMOTEBUYHH oF o0mar. Ot
ITOKa3aHMUTE B Ta0MI. 3 p-CTOMHOCTH C€ BIXKA, e C Hal-ToIsIMa YOS IeHOCT HEe MOXKE
Jla OTXBBPJIMM HyJIeBaTa XUIOTE3a 3a €AHAKBOCT Ha CpeTHUTE CTOMHOCTH Hajg NW

u SW 3a T or u ¢ naii-manka yoenenocr —3a T, th.

Tabauua 3. p-croiinoctu npu ¢-recr3a I, T, T\, K v Hi ipu
pa3BUTHE HAa HETPBbMOTEBUYHH O0JIAIN OF ¥ TPHbMOTEBHYHH

obmnarm th Hag CeBep3anaznna u FOrosananna benrapus

ITapamersp | p-croiinoct | Ilapamersp p-CTOMHOCT

T or 0.13 RH or 0.71E-06
Tth 0.36 RH th 0.63E-10
T or 0.11 K or 0.24
T . th 0.08 Kth 0.60
T, or 0.82 Hi or 0.06
T, th 0.05 Hith 0.17

OTHOCHTENHATa BIKHOCT Ha Bh3/IyXa € JIpyra XapakTepucTHKa Ha aTMocde-
para, KOATO € OT CBHIIECTBEHO 3HA4YeHHE NMPH PAa3BUTHETO HA TPHMOTEBHYHHUTE H
HErPhMOTEBUYHHUTE OOJIAIIH.

Ot pesynrarure, nIpeAcTaBeHy B Ta0I. 4 u Gur. 2, ce BIK/Ia, Y€ MMa pa3jinka
B CPEIHUTE CTOMHOCTH U CHOTBETHHUTE KBAPTHIIM HE CaMO MPHU CPaBHABAHE Ha OT-
HOCHTEITHATa BIKHOCT RH Tipu pa3BUTHE HA IPBMOTEBUYHU M HETPHMOTEBUYHU
o0JIaIy TIOOT/IEITHO, & ¥ TIPU CPaBHSBaHE Ha ChOTBETHUTE CTOWHOCTH MIPU Pa3BUTHE
Ha th u or, pa3Buian ce Hag NW, cripsimo te3u Hax SW. Okassa ce, ue B NW brira-
pus IIpH Pa3BUTHETO M HA TPBMOTEBUYHH OOJAIH th ¥ HA HETPHMOTEBUYHHU 00JIaIH
or e HeoOxonuma ¢ 7-8 % 1Mo-BHCOKa OTHOCHUTENNHA BIAKHOCT MPH 3eMSTa B CPaB-
HEHHE C yCIIOBHATA 32 Pa3BUTHE HA CHOTBETHUS BUJI KyIECTO-IHKI0BHH 00Iany B
SW boarapus. M3KIT04nTENHO HUCKUTE p-CTOWHOCTH (BX. Tabxi. 3) OT mpoBeneHus
{-TeCT MOKa3BaT, Y€ Ta3W Pa3iihKa € CTaTHCTUYECKH 3HaunMa (TIpH HUBO HA 3HAYH-
mocT o = 0.05) KakTo MpH Pa3BUTHETO HA TPBMOTEBUYHHU th, Taka U IPU pa3BUTHE-
TO Ha HETPHMOTECBUYHU OF OOJIALIN.
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Ta6nauua 4. [TapameTpu Ha pasnpeneieHne Ha OTHOCUTEIHATA BIaXHOCT RH
IIPU pa3BUTHE HA HETPBMOTEBUYHH OOJAIH oF M TPBMOTEBUYHH 00Ny
th van CeBep3amagaa (NW) u FOrozanagna (SW) Benrapust

[Tapamersp Pation vae AHa Menuana Honen Topen
CTOHHOCT KBapTHI | KBapTHI
NW 59.8 57.0 48.0 69.0
RH th SW 52.1 49.0 41.5 61.0
RH or NW 68.3 66.0 53.0 84.0
SW 60.3 59.0 47.0 72.0
RH
100
20
80
70
60
50
40
30
RHNW th RHNW or
RH SW th RH SW or

®@ur. 2. KBapTriiHa quarpama 3a OTHOCHTENIHATA BIaXHOCT RH 1py pa3BUTHE HA HETPBEMOTEBUYHU
obnanu or v rppMoTeBUYHM oOnany th Han Cesepozanaasa (NW) u FOrozanagna (SW) Benrapus.
IMoka3zanu ca 10-tu, 25-1u, 50-T11 (TOUKA), 75-TH ¥ 90-TH IPOLIEHTHII

Ot 1abm. 4 1 ur. 2 cbIIO ce BIKA, e CpeIHATA CTOMHOCT Ha RH TIpH pa3BUTHE
Ha IPBMOTEBHYHUTE 00JIaly € 3a0eNIe)KUMO MO-HHUCKa OT CpeiHaTa CTOMHOCT Ha RH
IIpY pa3BUTHE HA HETPHMOTEBUYHUTE 00JalM U Haj jABaTa paiioHa. [lo-Hucku ca u
CHOTBETHHUTE MEIMaHa, TOPEH U JIoJeH KBapTui. [lo-Huckoro RH nipu pa3BUTHETO HA
TPBMOTEBUYHUTE O0JalM B CpaBHEHUE ¢ RH TipH pa3BHUTHE HA OOMKHOBEHH (HETPb-
MOTEBUYHH) OOJNAllM € HHAWKALWS, Y€ OCHOBaTa Ha IPbMOTEBHYHUTE O0Nany (HUBO
Ha KOHJEH3aIMs) € Ha MO-TojiiMa BUCOYMHA CIIPSIMO OCHOBaTa Ha OOMKHOBEHHTE
IBXI0BHH oOnany. [TomydeHusT pe3ynrar ChOTBETCTBA Ha PE3yINITaTH, ITOTYYEeHH OT
JpyTH aBTOpH [25, 26], criopes KOUTO Karo MoKa3are 3a pa3BUTHE HA TPHEMOTEBUYHU
o0May Mo)Ke Jia ce W3I0JI3Ba BUCOUYMHATA Ha OCHOBATa Ha o0JaluTe.

Cren xato He ce HaOIIoaBa CTATHCTHYECKY 3HAYMMA Pa3iinKa B CPETHUTE CTOM-
HOCTH Ha TEMIIEPATypuTe, oTueTeHu npu semata, (Tu T ) u T, TIpH pa3BUTHETO HA
TPBMOTEBUYHH U HETPBMOTEBHYHHU obnany Hag NW u Hag SW, Bb3HUKBa BHIIPOCHT:
CBIIECTBYBA JIM 3HAYMMa pa3/iiKa B IIPAaroBUTE CTOWHOCTH (OTIPEENICHN 33 ChOTBET-
HUTE TEMIIepaTypH) 3a pa3rpaHUuaBaHe HA TPBMOTEBUYHHU OT HETPBMOTEBUYHH 00-
nar, pazsuin ce Hau NW u SW Bbirapus? ChIno Taka, Kato ce HaOJIroaBa CTaTuc-
TUYECKH 3HaYMMa pa3iiiKa B CPEAHUTE CTOMHOCTH Ha OTHOCHTEIHATA BIAXKHOCT HaJl
NW u SW Bbarapust mpu pa3BUTHETO Ha TPbMOTEBHYHN U HETPBMOTEBHYHH 00JIaLIH,
3ama3Ba JM Ce TS U B IParoBUTe CTOMHOCTH, MOy4yeHu 3a RH?
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C momormiTa Ha OOWKHOBEH AUCKPUMHUHAHTEH aHaimu3 [23] ca ompemeneHH
nparosu crounoctu 3a I, T, T, v RH, KOMTO J1a pasienst TPbMOTEBUYHHUTE

max’

OT HETPBMOTEBHUYHHTE OOJIany, pa3Bwim ce Han CeBeposamamna u KOrozamamgna
boirapus.
Ta6auua S. IIparoBu CTOAHOCTH Ha METEOENIEMEHTH TIPH 3€MATa M Ha T 3a BUIa Ha O0IauuTe —
TPBMOTEBUYHH th WM HETPBMOTEBUYHH oF obnany, u ycreBaemoctra POD u FAR Ha ChOTBETHUS
par 3a pa3rpaHuyaBaHe Ha TPBMOTEBUYHHUTE OT HErPbMOTEBHYHHUTE OOJIaLH

NwW SW
[Tapamersp
[Ipar POD FAR IIpar POD FAR
r >21.8 0.66 0.21 >21.6 0.72 0.21
max >229 0.71 0.20 >229 0.76 0.19
Ty, >11.3 0.74 0.22 >11.6 0.76 0.20
RH <64.1 0.69 0.29 <56.3 0.69 0.32

[lonmyueHnTe mMparoBu CTOMHOCTH W OIEHKAaTa Ha TAXHATA YCIIEBAEMOCT IIO-
cpenctBoM POD u FAR ca npexacraBeHu B Tabn. 5. Ot tabnumara ce BHXKIA, 4e
OTIpe/IeTICHUTE TIParoBe Ha TEMIIEPATypUTe, HaJl KOUTO C€ Pa3BUBAT I'PHMOTEBUYHU
o6man B NW u SW bbirapusi, ca MHOTO OIIM3KH IO CTOMHOCT — Hali-ToJisiMara pas-
jmka e 0.3 °C. I1o oTHOLIEHME HA OTHOCUTEIHATA BIaKHOCT RH 00ave uMa ChIEeCT-
BEHA pa3iiiKa MeAy ABara mpara — 3a CeBeposananHa bwirapus toi € 64.1 %,
a 3a fOrozanagna — 56.3%. Ot nonyuyenute oueHku POD u FAR ce Buxna, 4e KaTo
CPaBHHUTEIHO TOOBp MHIUKATOP 332 TPHMOTEBHUYHUTE OONAI MOTaT J1a TOCTyXar
T w T, KOUTO ca B ChCTOSHUE Ja KIacU(PUIMpaT KOPEKTHO ChOTBETHO 71%
(POD =0.71)nu 74% (POD = 0.74) ot th cny4aure, pa3suiu ce Hat NW brirapus,
u 76% (POD = 0.76) nag SW bparapus. M3non3saneTo Ha NparoBUTe CTOMHOCTH
Ha Te3H JIBE TEMIEPaTypH BOIAT U 10 CPABHUTEITHO MAJIBK MPOIIEHT (alllliiBa Tpe-
BOTA, T.€. TPENIHO KIaCU(UIIMPAHNTE HETPHMOTEBUYHH KAaTO TPBbMOTEBUYHA 00Ia-
mu ca ~20%.

[Ipu pazBuTHe Ha TPHPMOTEBUYHH M HETPHMOTEBUYHH BAJIC)KHH OOJNAIM HaJl
Cesepozamagna u FOrozamagna beirapus ca ananmmsupanu cwino K-Index (K) u
Humidity Index (Hi). HaunabT Ha IpecMsITaHETO UM € AazeH B Talu. 1.
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Tadauua 6. [Tapamerpu Ha pasnpenenenue Ha K-index 1 Humidity index Hi
[PH pa3BUTHE Ha HETPBMOTEBUYHHU OOIALM OF U TPEMOTEBUYHHU obay th
Hajx Ceseposananna bearapus (NW) u vag FOro3amagna bearapus (SW)

ITapamersp Paiion Cp ? A Menuana Honer Topen
CTOHUHOCT KBapTI/I.TI KBapTI/IJI

h NW 338 34.4 318 36.3
SW 337 345 317 36.0
NW 293 298 26.7 327

K or
SW 28.8 29.0 26.4 318
NW 16.9 15.9 9.9 22.1

Hi th
i SW 17.8 16.6 11.0 232
. NW 11.8 10.3 5.4 15.9
ror SW 13.3 112 6.8 18.7

Pesynrarute B Taba. 6 mMokas3Bart, ye CpeIHUTE CTOMHOCTH Ha K-MHIEKC NpH
pa3BUTHE Ha TPBMOTEBUYHH 0oOJIaIy th ca 3a0e’eKMMo Mo-BUCOKH (¢ okoio 5 °C)
OT CHOTBETHUTE CTOWHOCTH Ha MHJIEKCA IIPH Pa3BUTHE HA HETPBMOTEBUYHU BaJICK-
HU obnaiu or kakto B CeBepo3anangna, Taka u B lOrozananna benrapus. Wimoctpa-
YISl Ha TIOJTyYeHHUs Pe3yiITaT ce BIKAA U Ha ¢ur. 3.

K Hi
40 32
38 28
36 24
34
20
32
16
30
28 12
26 8
24 4
22 0
K NW th K NW or HiNW th HiNW or
K SW th K SW or HiSW th HiSW or
a 0

®@ur. 3. Kpaprunna quarpama 3a HHIAESKCH Ha HeycToiuuBocT a) K ; 6) Hi npu pa3sutne
Ha HErPbMOTEBUYHH OOJIAIM oF ¥ TPBMOTEBUYHH oOmary th Han Ceeposanagaa (NW) u
IOrozanangna (SW) bearapus. [lokazanu ca 10-tu, 25-tH, 50-TH (TOuKa), 75-TH ¥ 90-TH MPOLIEHTHIT

ITonydenure p-croiiHOCTH (BX. Ta0M. 3) ChINO MTOKA3BaT, Y€ HSIMA CTAaTUCTHYE-
CKH 3HaYMMa pa3jinka MeXIy CPEJHUTE CTOMHOCTH 3a ABaTa aHAJIM3UPaHU HHAEKCA
(K v Hi) npu pa3BuTHE KaKTO Ha HETPBMOTEBUYHH OF, TaKa U Ha TPbMOTEBUYHHU th
obmar Ham NW u SW bearapus.

B 1abn. 7 ca mpeacTaBeHU IParoBUTE CTOMHOCTH HA aHAIM3UPAHUTE JIBA UH]IE-
Kca 3a pa3rpaHUyYaBaHe Ha TPbMOTEBUYHUTE th OT HErPbMOTEBUYHUTE OF O0MNAIH,
pa3suiu ce Hag CeBepo3ananHa u FOrozananna bearapus, u ycneBaemoctra POD
U FAR Ha BcekH euH npar. Te3u IparoBu CTOMHOCTH ca MOJy4YEeHH ¢ IOMOLITa Ha
OOWKHOBEH TUCKPUMHUHAHTEH aHamm3 [23].
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PesynraruTe nokassar, ye OoNnpeAesieHUTE NparoBU CTOMHOCTH 3a K 3a pa3Bu-
THE Ha TpbMOTeBHYHHN o0art B NW u SW ca nocra ommskm: K > 31.6 °C 3a NW
u K> 31.3 °C 3a SW boarapus. [lonydyenure croiinoctu Ha POD u FAR nokassar,
Ye ¢ MOMOIITA Ha Te3W MparoBe MPOIEHTHT Ha KOPEKTHO KIACH(DHUIIMPAHHUTE TPb-
MOTEBHYHH oOnamw e Hajx 76 %, a MpoueHTHT Ha (aNIIUBO ONpEAeTIeHH HerPhMO-
TEBUYHH THXKIOBHH 001ary KaTo TPHhbMOTEBHYHH (BXK. CTOMHOCTTA Ha FAR) e mox
23 %. Ot Tabn. 7 ce BWX/Ia, 4e HAMEPEHHUTE MIPAaroBU CTOMHOCT Ha Hi 3a pazBuTHe
Ha TPBMOTEBUYHHU oOnamu ¢ mo-Hucka 3a CeBeposamanna benrapus (Hi > 14.4)
crpsMo HaMmepeHus mpar 3a FOrozamanna (Hi > 15.6). M3mon3BaHeTo Ha TO3H TIpar
o0ade BOAM 0 CPAaBHUTEIHO MaIbK MPOIEHT KOPEKTHO KIIaCH(HUIIUPAHU TPEMOTE-
BruHH obmamm — 57 % 3a NW u 53 % 3a SW brearapus.

Ta6auua 7. [Iparosu croiiHoct Ha K u Humidity index Hi 3a Buzna Ha o6mauuTe — rpbMOTEBUYHHI
th W1 HETPBMOTEBUYHH OF, U ycrieBaeMocTTa POD n FARHa mpara 3a KiacupuuupaHe

NW SW
[Tapamersp
Ipar POD FAR Ipar POD | EAR
K >31.6 0.76 0.23 >31.3 0.79 0.20
Hi > 144 0.57 0.26 >15.6 0.53 0.30

4. BAKJIIOYEHUE

Llenta Ha paboTara e 1a ce HaMepAT IPAaroBU CTOMHOCTH Ha pa3lNUYHU METEO-
CJICMCHTHU U UHJACKCHU Ha HeyCTOﬁ'—IHBOCT, KOHWTO J1a MOCIIy>XKaT KaTO UHAUKATOPU 3a
Pa3BUTUETO Ha rpbMoTeBUYHM oOnany Hax CeBeposanaana u FOroszanaana beira-
pus. [IprunHara 3a pasmiexaaHe Ha JiBaTa paiioHa IMOOTAETHO €, Ue ABeTe 00JacTH
MoTaaT B pa3uyHy KIMMAaTUYHY pailoHu — ymMepeHo-KoHTHHeHTaneH (CeBeposa-
nagHa bearapus) u roxxHO-0b1Tapeku (FOrozanaana bearapus).

3a menTa ca CpaBHEHU Pa3IMYHHU CTaTUCTHUYECKH MapameTpH (CpeiHa CTOM-
HOCT, Me/IMaHa, JI0JIeH ¥ TOPeH KBapTUJil) Ha TemnepaTypara 7, MakcCUMajHaTa TeM-
neparypa T, OTHOCHTEIIHATA BIQKHOCT RH TIpu 3emsTa u Temneparypara Ha 850
hPa T, , KakTO ¥ Ha JBa OT U3BECTHUTE B JIATEPATYPaTa MHIEKCH Ha HEYCTONYH-
BoCT, K 1 Hi, ipu pa3BuTHE Ha KyNECTO-ABXKI0BHHU obnamu Haj CeBepo3anaana u
IOro3anagna bearapus. Upes craructudecku aHaH3 (#-TECT C HUBO HAa 3HAYMMOCT
o = 0.05) e HanpaBeHa OIEHKa Ha TOBA, JAJIM Pa3TUKUTE MEXAY CPEIHUTE CTON-
HOCTH Ha ropecrmoMeHnarute mapameTrpu 3a NW u SW ca cTarucTiyecku 3HauuMu
MpY pa3BUTHE HA TPBMOTEBUYHU £h W HETPBMOTCBHYHH OF 00JIAIHM MTOOTIEITHO.

OnpefienieHu ca paroBA CTOMHOCTY 32 KJIacu(hUIMpaHe Ha TPHMOTEBUIHUTE 00J1a-
1 mootenHo 32 NW u SW. OrieHkara 3a ycrieBaeMOCTTa Ha Te3H MparoBe € HarpaBeHa
upe3 m3uncisiBane Ha POD (probability of detection) u FAR (false alarm ratio).

ITonydyenure pe3ysTary MOKa3Bar, 4e BbIPEKU Pa3IN4YHUTE KIMMATHUYHU OCO-
o6enoctu Ha NW u SW Bwirapust kynecto-apxI0BHATE OONaIM Mpe3 TOILIOTO
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MONTyTOINE Ce pa3BWBAT HAJl JBaTa paiioHa NpU ONW3KH MPU3EMHHU TeMIIeparypu
u temrieparypa Ha HuBO 850 hPa. CpaBHHUTETHO OJM3KHU ca M YCIOBHUATA, OIpee-
nenn upe3 K 1 Humidity index Hi, mpu pa3BUTHE KaKTO Ha TPbMOTEBUYIHH, TaKa U
Ha HerpbMOTeBUYHM oOnany Haj CeBeposamamgda u Hanx HOrozanmagna beirapws.
Makap v mpu3eMHHATE TeMIIEpaTypy Ipy Pa3BUTHE HA KyTIEeCTO-IbKI0OBHH 00Ianu
Hag NW u SW beirapus na ca O1u3KkH, IO BCSIKA BEPOSTHOCT OCHOBAaTa Ha TE3H
oOmarnu e Ha mo-rojisiMa BucounHa Haj lOrosamagna bwirapus B cpaBHeHHE Ha
CHOTBETHHTE, pa3Bmwiu ce Haj CeBeposamagHa beiarapus, mopagn ycTaHOBEHHUTE
CTaTUCTHUYECKH 3HAYNMU IMO-HUCKH CTOMHOCTH Ha OTHOCHUTEHATA BIAXHOCT B SW
B cpaBHeHue ¢ RH B NW bhirapus.

[lo oTHOmIEHWE Ha pa3lnKaTa B Pa3BUTHETO HA TPBMOTEBHYHH W HETPBMO-
TeBUYHM 00Jaly M HaJ JBaTa paiioHa, 3a Pa3BUTHETO HAa TPHMOTEBHYHUTE 00Ja-
11 ca HEOOXOAMMH TTO-BHCOKH TEMIEpaTypH, MO-HUCKAa OTHOCUTEIHA BIAXHOCT U
mo-HeycroiunBa arMocepa. OT onpeneneHnTe MparoBu CTOMHOCTH Ha OT/IEITHATE
TePMOIMHAMUYHU XapaKTEPUCTUKH 32 KYITEeCTO-IbKIA0OBHU OOJNAIlH, Pa3BHIIM CE B
cieno0eTHUTe JacoBe, Hail-moOpo pasrpaHNYaBaHe MEXIy TPhMOTEBUYHH M HE-
TPBEMOTEBUYIHH oOnanu, pa3pwin ce Hax CeBepo3anaana u Hax tOrozamagna bei-
rapus, Ce Nojly4asa IIpU W3MOJN3BaHE HA HAMEPEHHUTE NPAroBu cTodHocTn 3a 1,
T, n K-unnekc. [omy4ennre nparose pasrpannyasar Haj 71 % rpbMOTEBUYHHUTE
OT HETPBPMOTEBUYHHTE 00JaM HAJl [BaTa paiioHa, a (ayInBaTra TpeBOra € OKoJIo
20 %. PesynraruTe mokasBar, e onpeAesieHITe IParoBu CTOMHOCTH 32 OTHOCHTEI-
HaTa BJIAXXHOCT npu 3eMsiTa RH u Hi-uHAEKC CaMOCTOATENIHO He ca MOAXOISIIHN 32
M3II0NI3BaHE KaTO HHIUKATOP 33 Pa3BUTHE HA TPHMOTEBHYHH OOJAIIH.

[lopaam nurcara Ha CTaTUCTHYECKU 3HAUMMa PasiiuKa B CPEAHUTE CTOMHOCTH
Ha TeMIIepaTypHUTe U [BaTa WHAEKCAa Ha HEYCTOWYHMBOCT MPHU Pa3BUTHE Ha KyTiec-
TO-IbXA0BHHTE oOnar Hag CeBepo3amagHa u FOrozamamna beirapus e ompas-
JAaHO HaMHPAaHETO Ha MParoBM CTOMHOCTH Ha TE3W MapaMeTpHu 3a parpaHuvaBa-
HE Ha TPHPMOTEBUYHUTE OT HETPHMOTEBHYHH OOMNAIM, BaWIHU 34 I 3amajiHa
boearapus. B Opnemnie e HEOOXOAMMO J1a ce TTOTHPCH KiIacH(DHUKAITMOHHA (BYHKITHS,
KOMOMHAIHSA OT METEOEIEMEHTH U PA3INIHUTE UHIEKCH Ha HEYCTOWYHBOCT, KOSITO
Ou MoTIIa 1Mo-100pe 1a pasrpaHudaBa TPHMOTCBHYHN OT HETPAMOTCBUYHH OOJIAIH
CHPSAMO OMpEeNIEHUTE MTParoBe Ha BCEKH €UH OT Pa3mIeKAaHNUTE ITapaMeTpH.
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THE EFFECT OF GLOBAL WARMING ON DYNAMICS,
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bopana ILlenosa, Pymana Muyesa, Xpucno Heanos. BINSIHUE HA TJTIOBAJTHOTO 3ATOII-
JIIHE BBPXY JUMHAMUKATA, MUKPOOU3UKATA U HAEJEKTPU3MPAHETO HA KOH-
BEKTHUBEH OBJIAK — UMCJIEHU CUMVYJIAIIMUN

HN3cnenBaHo e BIMSHAETO Ha II00aTHOTO 3aTOIUISTHE BEPXY JUHAMMKATa, MUKpO(DH3HKaTa U Ha-
CJIEKTPU3MPAHETO Ha MOILCH JIETEH KyNeCTO-ABKI0BEH 00IaK ¢ MOMOIITA Ha Me30MaIlaOHus MOJIeN
MesoNH. Cumynupan e ciaydaif Ha o0llak Ipy M3M0JI3BaHe Ha peasneH nmpodul Ha TeMmepaTypara B
OKOJIHATa Ccpejia M TOBHUILIeHa TeMrepaTypa ¢ 3 u 5 rpaayca. Pesyararturte mokasBar, 4e 3aTOIUISTHETO
HE OKa3Ba CHIIECTBEHO BIMSIHHUE BbPXY JMHAMMKATa Ha CUMyJupanute obnanu. [ToBuIIaBaHeTo Ha
TeMIieparypara BOIy 110 YBelINYaBaHe Ha MacaTa Ha XHAPOMETEOpHTE B TeuHa (a3a M MOBHILIABAHE Ha
aKyMYJTHPaHHUs TeYEH BaJICK, KAKTO U JI0 ChILECTBEHA Pa3iiMKa B 3HAKa U pas3pe/IeliCHUETO Ha 3apsia,
HOCEH OT Pa3INYHUTE XUIPOMETECOPH.

Boryana Tsenova, Rumjana Mitzeva, Christo Ivanov. THE EFFECT OF GLOBAL WARMING
ON DYNAMICS, MICROPHYSICS AND ELECTRIFICATION OF CONVECTIVE CLOUDS —
NUMERICAL SIMULATIONS

The effect of global warming on summer convective cloud dynamics, microphysics and electri-
fication is studied using MesoNH model. A cloud case is simulated using: a real temperature profile
and warmer respectively with 3 and 5 degrees. Results show that warming does not affect significantly

For contact: Boryana Tsenova, NIMH, 66 Tsarigradsko chausse Blvd, GSM: +359 886 687 485,
E-mail: boryana.tsenova@meteo.bg
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cloud dynamics. The increase in temperature leads to an increase of liquid hydrometeors mixing ratio
and of accumulated liquid precipitation, as well to significant differences in charge sign carried by
different hydrometeors.

Keywords: global warming, convective clouds, numerical simulation, dynamics, microphysics,
electrification
PACS numbers: 92.60 Pw,92.60 Qx, 92.60 Ry

1. INTRODUCTION

The mean global surface temperature increases since the end of the 19" centu-
ry [1]. The temperature increase was considerable between 1900 and 1940, as after
1970 until our days. However, this increase is not the same over the entire planet
and in some places it is significantly higher than the defined global mean values. It
is expected that the increase in temperature will have a significant impact on the de-
velopment of convective clouds, thunderstorms and precipitation. Based on several
studies such as [2—4] and others, it was stated [1] that the projected global warming
will lead to more frequent and more severe extreme precipitation events. Trenberth
et al. [5] studied the impact of various thermodynamical factors on precipitation, and
concluded that the increased moisture content as a result of climate warming would
have a significant impact on precipitation amount and intensity. Mccaul et al. [6]
examined the sensitivity of supercell storms to environmental temperature and found
that the updraft velocity and precipitation efficiency are higher at a colder environ-
ment, while the peak precipitation rate in a warmer environment is comparable to that
in colder environment. Numerical simulations of Takemi et al. [7] with WRF model
reveal the high dependence of the precipitation intensity from mesoscale convective
systems on the temperature lapse rate. In the frame of their model simulations they
found that with the increase of the lapse rate the mean precipitation intensity increas-
es while the maximum precipitation intensity decreases. The author stresses on the
need for diagnosis of stability in climate simulations and the need of further inves-
tigations on the effects of cloud microphysics on precipitation. Brandiyska et al. [§]
using RAMS studied the effect of the expected changes of tropospheric temperature
profile on the dynamical and microphysical characteristics of individual summertime
convective storms and on the processes of precipitation development in these storms.
Their results showed that projected warming lead to a decrease of precipitation from
moderate cloud cases, while it leads to an increase of severe cloud cases precipitation.
The main reason for the opposite direction of the impact of the projected tropospheric
changes on different clouds lies in the ice phase evolution. The aim of the present
study is to test the impact of expected changes in tropospheric temperature on con-
vective clouds electrification having in mind the relationships between cloud electric
charge structure and thundercloud microphysics and dynamics. Numerical simula-
tions are performed using MésoNH model.
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2. MESONH MODEL

The MésoNH is a non-hydrostatic mesoscale model developped in Laboratoire
d'Aérologie and Météo-France [9]. The model integrates a system of equations able
to simulate ideal and real atmospheric flows ranging from large eddy turbulent mo-
tion to the synoptic scale. The mixed-phase microphysical scheme in MésoNH fol-
lows the approach of Lin et al. [10] that is a three-class ice parameterization coupled
to a Kessler scheme [11] used for the warm processes. The scheme follows the evo-
lution of the mixing ratios of six water species: rv (vapour), rc and rr (cloud and rain
drops) and 7i, rs and rg (pristine ice, snow and graupel). The concentration of the
precipitating particles is parameterized according to Caniaux et al. [12]. The pristine
ice category is initiated by two heterogeneous nucleation processes: formation of ice
embryos in a supersaturated environment over ice (deposition) following Meyers et
al. [13], and freezing of supercooled droplets. In the model, the secondary production
of ice crystals or rime-splintering mechanism is following Hallett and Mossop [14].
The homogeneous nucleation of pristine ice starts at temperatures lower than —35
°C. Ice crystals grow by water vapour deposition. The snow phase is initiated by
autoconversion of primary ice crystals and it grows by deposition of water vapour, by
aggregation through small crystal collection and by the riming produced by impac-
tion of cloud droplets and of raindrops. Graupel particles are produced by the heavy
riming of snow or by rain freezing when supercooled raindrops come in contact with
pristine ice crystals. According to the heat balance equation and the efficiency of their
collecting capacity, graupel particles can grow in dry and in wet mode (when riming
is very intense and the excess of non-freezable liquid water at the surface of the grau-
pel is shed and forms raindrops). At temperatures above 0 °C, ice particles melt into
cloud and rain drops. Cloud droplet autoconversion, accretion and rain evaporation
follow the Kessler scheme [11].

3. PARAMETERIZATION OF CHARGE SEPARATION IN THUNDERSTORM

The analytical expressions of the charging rates highly relies on the
microphysical scheme:

400 00

e [ (50dl1-£.)(0 =07 (27,0 (0,)0, (2, )20,

where D_and D are the diameters for hydrometeors x and y, respectively. |V — V)|
is the relative fall speed, n_and n are the number concentrations of hydrometeors
x and y, respectively, and £ is the collection efficiency. The collection efficiency
depends on the temperature and follows Kajikawa and Heymsfield [15] for ice-
snow and snow-graupel collisions and Mansell et al. [16] for ice-graupel collisions.
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The expression of the charge exchanged is
0q = B d'V'0Q(RAR,T),

where B, a, and b are constants depending on the size of small ice particles, on the
relative velocity V of the interacting ice particles, and on the sign of charge transfer
and are tabulated in Saunders et al. [17]; dQ is the charge determined from the
parameterization scheme for non-inductive charging proposed in Brooks et al [18]
giving the relationships between the separated charge and cloud temperature 7 and
rime accretion rate RAR = EW.V, where EW is the effective water content.

00 =6.74RAR — 1.36(-T) + 10.05 if RAR>RAR_,
00 =3.03-10.59RAR + 2.95RAR*> if 0<RAR<RAR
where RAR = —1.47 + 0.2(-T).

4. NUMERICAL SIMULATIONS AND RESULTS

For the aim of the study three cloud cases are simulated. For the case named as
«originaly» or dT0 the sounding presented in Fig. 1a is used. The other two cloud cases
are simulated using the modified according to Fig. 1b temperature profile. The mod-
ified soundings are named as dT3 and dT5 (the number 3 or 5 corresponding to an
increase of surface temperature with 3 or 5 °C respectively). The sounding modifica-
tion follows Santer et al. [19] findings that changes in temperature profile depend on
latitude. According to Santer et al. [19] the increase in temperature is higher in upper
troposphere. It is about 1.5 times higher than surface temperature increase and has a
maximum at around 300 hPa. As there is not any consensus about changes in relative
humidity profile [20], for our simulations it is assumed to be identical for cases dT3
and dT5 with dTO0. By keeping relative humidity constant, it is clear that the specific
humidity increases with the increase of temperature.

All simulations are performed over a domain of 25%20 km, 28 vertical levels,
a horizontal step of 500 m with a perturbation of 1.5 °C and sizes of 10x10%2 km in
the thermodynamic field. The simulations time is 40 min with a time step of 1s. For
case dTO the zero isotherm height is about 3.7 km, while for cases dT3 and dT5 about
4.0 and 4.5 km, respectively. The increase of the environmental temperature leads
to an increase in altitude of the —40 °C isotherm, which means that the homogenous
freezing of cloud water droplets is at higher altitude over the ground. For cloud case
dTO the height of 40 °C isotherm is at 9 km, while for dT3 — at 9.6 km, and for
dT5 — at 10.5 km. Due to the presumption accepted here that relative humidity does
not change with temperature changes, the lifted condensation level height is approxi-
mately the same for the three simulated clouds dTO0, dT3 and dT5 (Table 1).
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Fig. 1. a) Sounding used for case dTO (original) simulation;
b) temperature changes at different pressure height for cloud cases dT3 and dT5



Table 1. Height and temperature of lifted condensation level,
CAPE and Lifted index for cloud cases dT0, dT3 and dT5

| dT0 dT3 dT5
Lifted condensation level height [m] 2717 2723 2727
Lifted condensation level temperature [°C] 11 14 16
CAPE [J/kg] 2173 2481 3162
Lifted index —7 —7.4 8.1

From Table 1 it is visible that cloud base for the three considered cases is at
about 2.7 km. However the cloud base temperature for dTO is 11 °C, while for dT3
and dT5 it is respectively with 3 and 5 °C warmer. The calculated CAPE and Lifted
index based on soundings dTO0, dT3 and dT5 show that for all considered cases
the atmosphere is unstable and with temperature increase the instability increases
significantly.

4.1. IMPACT OF TROPOSPHERE WARMING ON CONVECTIVE CLOUD DYNAMICS
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Fig. 2. Cloud cases dTO (orig.), dT3 and dT5 top height AGL
as a function of time after cloud case formation

Analysis shows that for the three considered cases condensation starts 5 min
after the beginning of simulations. From Fig. 3 it is visible that the three simulated
clouds tops increase during the following 13 min and until the 28 min, clouds tops
are at the same height (about 12—13 km AGL). Despite the approximately same
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altitudes of the simulated clouds tops, the lowest temperatures reached by the
clouds are warmer with about 3 and 5 °C respectively for dT3 and dT5.
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Fig. 3. Maximum updraft velocity, WTmax (top panel) and horizontally averaged
updraft velocities, WTpos_av (bottom panel) as a function of time and height
for the three cloud cases dT0, dT3 and dT5

During cloud development (Fig. 3, botom panel) it is visible that for the three
considered cloud cases the horizontally averaged updraft velocities WTpos_av are
strong and between 23 and 28 min a second maximum is visible (at temperatures
between +1 and —17 °C for dTO0, between +2 and —12 °C for dT3, and for dT5 —
between +5 and —10 °C ). Results show that in warmer environements the maximum
updraft velocity increases — it is 35 m/s for dT0, 38 m/s for dT3 and 40 m/s for dT5.
These largest values of the maximum updraft velocity are reached between 23 and 24
min for the three considered clouds, at cloud temperature —7.5 °C for dT0, —7.4 °C for
dT3 and —5.1 °C for dT5. Our results show that the increase in temperature profile has
a weak effect on cloud dynamics leading to an increase of updraft velocity.
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4.2. IMPACT OF TROPOSPHERE WARMING ON CONVECTIVE CLOUD
MICROPHYSICS

Fig.4 shows the horizontally integrated mixing ratios in kg/kg of cloud and
rain droplets as a function of time and height for the three simulated cloud cases
dT0, dT3 and dT5. The horizontally integrated values of cloud water droplets in
dTO are lowest. The maximum mixing ratio RCmax = 5.5 g/kg is also the smallest
in comparison with cases dT3 and dT5 (with RCmax respectively 7.1 and 7.9 g/kg)
and it is reached at lowest altitude in the cloud (5.25 km) and latest (at 18 min after
cloud formation). In dT3 and dT5 the maximum of RC is reached at higher altitudes
(5.75 km and 6.25 km respectively). However, cloud temperatures are similar: —11
°C for dTO0 and dTS and —10 °C for dT3. In the three simulated cases there is cloud
water until about —40 °C, which corresponds to an altitude of about 9 km for dTO,
about 9.6 km for dT3 and about 10.2 km for dT5.
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Fig.4. Horizontally integrated cloud, RC (top panel) and rain, RR (bottom panel) water droplets
mixing ratios [kg/kg] as a function of time and height for the three considered cases dT0, dT3 and

dTS5 (the corresponding maximum values in g/kg are indicated above in each panel)
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From Fig. 4 it is visible that the horizontally integrated rain water mixing ratio
RR has high values at negative temperatures 10 min after cloud formation for cases
dT3 and dT5, reaching 0.8 kg/kg and 1.2 kg/kg respectively, while for dTO case it
is below 0.2 kg/kg at negative cloud temperatures. For the three cases the maximum
values of rain water mixing ratios are at positive cloud temperatures (at 6.5 °C, for
dTO0 and dT3 and at 9 °C for dT5). In case dTO the value of maximum rain water
mixing ratio is the lowest in comparison to dT3 and dT5 (respectively 6.2, 8.8 and
9.5 g/kg). Our results show that the increase of tropospheric temperature leads to an
increase of liquid water (cloud and rain) mixing ratio in the simulated clouds. This
result is not surprising, having in mind the higher cloud base temperature in clouds
dT3 and dT5 in comparison to dT0 and the highest quantity of water vapour during
clouds formation in warmer environment.

Fig. 5 shows the horizontally integrated mixing ratios in kg/kg of ice crystals,
snow particles and graupel as a function of time and height for the three simulated
cloud cases dT0, dT3 and dT5. It has to be stressed that at temperatures below —40
°C the mixing ratio of the horizontally integrated ice crystals is considerable in
dTO0, while at these cloud temperatures it is lower in dT3 and negligible in dT5. The
maximum value of ice crystals mixing ratio in the three clouds is similar (about
1.7 g/kg). It is reached approximately at the same time (about 14 min after cloud
formation) and at similar altitudes above ground level (about 8.5 km). However, the
cloud temperature in the different clouds at the level of the maximum ice crystals
mixing ratio achievement differs considerably. For dT0, R/max is reached at —33.6
°C; for dT3 — at —28.6 °C, and for dT5 — at —30 °C
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Fig. 5. Horizontally integrated ice crystals, R/ (top panel), snow particles, RS (middle panel)
and graupel, RG (bottom panel) mixing ratios [kg/kg] as a function of time and height
for the three simulated cases dT0, dT3 and dT5 (the corresponding maximum values
in g/kg are indicated above in each panel)

Similarly to ice crystals, horizontally integrated mixing ratios of snow particles
are similar for the three cloud cases. However, in warmer environment the maximum
of the horizontally integrated values of the mixing ratio are in a wider part of the
cloud, for a longer time. The absolute maximum of snow particles mixing ratio
RSmax differs considerably in the three clouds. In the coldest environment it has
the lowest value, which is achieved latest and at lower altitudes. The maximum
values of graupel mixing ratios (11.3 g/kg, 14.6 g/kg and 17.9 g/kg respectively for
dT0, dT3 and dT5) are achieved at the same altitude (7.25 km), which corresponds
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however to different cloud temperatures (—26 °C, —21 °C and —18 °C, respectively).
Considering the horizontally integrated graupel mixing ratios for the three
simulated clouds, one can see a second maximum, more pronounced for dT3 and
dTS5 cases, corresponding to the visible second maximum of horizontally averaged
updraft velocities in Fig. 3 (bottom panel). Our results show that the increase in
tropospheric temperature leads to an increase of snow and graupel mixing ratios.

Time

Fig. 6. Integrated cloud (RC) and rain (RR) water, ice crystals (R/), snow (RS)
and graupel (RG) particles mixing ratios [kg/kg] as a function of time

The effect of tropospheric warming on integrated cloud water mixing ratio
RC is well visible in Fig. 6. In the three simulated clouds, integrated cloud water
is similar until the 12 min. Then, in warmer clouds dT3 and dT5 it increases
considerably. Similar is the evolution of integrated rain water RR and graupel
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RG mixing ratios that increase with temperature increase (Fig. 6). The effect of
atmospheric warming on integrated ice crystals R/ and snow RS mixing ratios is
opposite, leading to their decr ease. The increase of integrated rain water RR and
graupel RG mixing ratios leads to higher values of liquid precipitation from dT3
and dT5 in comparison to dTO (Table 2).

Table 2. Maximum accumulated liquid precipitation from the three simulated cloud cases dT0, dT3

and dT5
Simulated cloud cases Maximum accumulated liquid precipitation [mm]
dTo 23.249
dT3 32.596
dT5 38.142

4.3. IMPACT OF TROPOSPHERE WARMING ON CONVECTIVE CLOUD

ELECTRIFICATION
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Fig. 7. Horizontally averaged positive (top panel) and negative (botom panel) graupel charge
density [nC/m*] QG as a function of time and height for the three cloud cases dT0, dT3 and
dTS5 (the corresponding maxima as well time and height of their achievement
are indicated above in each plots)

Fig. 7 shows the evolution of the horizontally averaged positive and negative
graupel charge density for the three simulated cloud cases. It is visible that the
average positive graupel charge density for dTO case at temperatures below —20
°C after 15 min is larger than these in dT3 and dTS. Also Qgmax for this cloud
case is considerably larger in comparison to the warmer clouds (4.59 nC/m* for
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dT0, while for dT3 and dTS5 it is respectively 1.37 and 2.18 nC/m?). The maxima
positive graupel charge densities are achieved almost at the same height (about 7.5
km) in the three clouds, but the time of their achievements differs considerably
(18 min, 11 min and 25 min respectively for dTO, dT3 and dT5). The tendency
of the negative graupel charge density is opposite — there is a slight increase of
maximum negative graupel charge density with the warming of the cloud. Our
results show that the increase of tropospheric temperature leads to an increase of
negative and to a decrease of the positive charge carried by graupel.
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Fig. 8. Horizontally averaged positive (top panel) and negative (botom panel) ice crystals charge
density [nC/m3] QI as a function of time and height for the three cloud cases dT0, dT3 and dT5 (the
corresponding maxima as well time and height of their achievement are indicated above in each panel)

From Fig. 8. it is visible that the horizontally averaged positive ice crystals
charge density in dTO in the temperature interval <-10,—40> °C is smaller than
these in clouds developed in warmer environment. However, in this case the
average positive ice crystals charge density at temperatures below —40 °C is bigger.
There is a slight increase with the warming of the maximum positive (respectively
1.05 nC/m3, 1.13 nC/m? and 1.45 nC/m3 for dTO, dT3 and dT5) as well of the
maximum negative (—0.63 nC/m?, —0.77 nC/m* and —1.02 nC/m? for dT0, dT3 and
dTS5 respectively) ice crystals charge density.
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Fig. 9. Horizontally averaged positive (top panel) and negative (botom panel) snow particles charge
density [nC/m3] QS as a function of time and height for the three cloud cases dT0, dT3 and dT5 (the
corresponding maxima as well time and height of their achievement are indicated above in each panel)

Fig. 9 shows the evolution of the horizontally averaged positive and negative
snow particles charge density for the three simulated cloud cases. It is visible that at
cloud temperatures above —20 °C, the average positive snow charge density in dTO
is smaller in comparison to dT3 and dT5, while at temperature below —20 °C, the
average negative snow charge density is bigger in dT0. There is a slight increase of
the maximum positive snow charge density with warming. The maximum negative
snow charge density differs considerably in the three simulated cases: —4.11 nC/m?
for dT0, —1.52 nC/m? for dT3 and —2.43 nC/m? for dT5. Our results show that the
tropospheric warming leads to an increase of the positive and to a decrease of the
negative charge density due to snow particles.

The analysis of cloud and rain water charge densities in the simulated cloud
cases (not shown here) shows that the increase of tropospheric temperature leads to
an increase of negative cloud water charge density and to a decrease of the positive
rain water charge density.
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Fig. 10. Horizontally averaged positive (top panel) and negative (bottom panel) total charge density
[nC/m?®] QT as a function of time and height for the three cloud cases dTO0, dT3 and dT5 (the
corresponding maxima as well time and height of their achievement are indicated above in each panel)

Fig. 10 shows the horizontally averaged positive and negative total charge
density (which is the sum of the densities of the charges carried by all hydrometeors)
as a function of time and height. From this figure one can see that warming leads
to the increase of the average positive total charge densities, but to a decrease of its
maximum values. The maximum and average negative total charge densities also
decrease in clouds developed in warmer environment.

In Fig.11 the average total charge evolution for the three simulated cloud cas-
es is presented. The main differences in cloud charge distribution between dT0 and
the warmer dT3 and dT5 cloud cases are after 20 min. At temperatures between
—25 °C and -39 °C the average total charge is negative in dT0, while in dT3 and
dTS5 it is positive.
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Fig. 11. Horizontally averaged total charge density [nC/m*] QT as a function of time and
height for the three cloud cases dT0, dT3 and dT5 (the corresponding maxima as well time and

height of their achievement are indicated above in each panel)

This is a result of the higher negative charge density carried by snow particles
in this cloud region in dTO cloud in comparison to the warmer clouds. The average
positive total charge density at positive temperatures in dTO is due to the higher
values of the positive rain water charge density in this cloud case. Our results show
that tropospheric warming leads to an increase of the positive total charge density
at negative cloud temperatures and to its decrease at positive cloud temperatures.

5. CONCLUSION

In the present study the impact of expected changes in temperature and humidity
on termodynamic and electrical characteristics of convective clouds is studied using
the non-hydrostatic model MesoNH. Results show that the increase of temperature
and specific humidity affects slightly the cloud dynamics in direction of updraft
velocity increase. However, for the simulated cloud cases (the original one dT0, and
the modified dT3 and dT5), there is no visible effect on their power, because their
tops reach tropopause level and above the atmosphere is stable. Cloud development
in warmer and more humid environement (dT3 and dT5) leads to an increase of liquid
(cloud and rain) water and graupel mixing ratios. The increase of cloud and rain water
mixing ratios can be explained by the higher water vapor mixing ratio in warmer
cloud temperatures as are in dT3 and dT5 cloud cases. The higher concentration of
cloud droplets in warmer clouds (dT3 and dT5) in comparison to the original (dT0)
leads to an increase of graupel mixing ratio, as more cloud droplets freeze on riming
graupel surface. The higher precipitating hydrometeors mixing ratios explain the
visible increase of accumulated precipitation from the warmer clouds in comparison
to the original. Our results are similar to those obtained in Brandiyska et al.[8].

Related to the impact of the warming on cloud electrification, our results show
that it leads to:
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— an increase of negative and a decrease of positive graupel charge density;

— an increase of maximum positive and negative charge carried by ice crystals;

— an increase of positive and a decrease of negative charge carried by snow

particles;

— an increase of negative cloud droplets charge density and to a decrease of

positive rain droplets charge density.

These results show that the warming of the troposphere affects in different di-
rections the charging of the hydrometeors. As a result, the mean positive total charge
density increases at negative temperatures and decreases at positive cloud tempera-
tures. The warming leads to a decrease of maximum positive and negative total
charge densities.

However, it has to be stressed that the results presented here are obtained for the
simulated here cloud cases and following the presumption that the relative humidity
will remain constant at global warming. However, if the humidity over continents
does not increase enough to keep the relative humidity constant, the impact of such
termodynamical changes in the troposphere on convective clouds electrification will
be less pronounced.
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and its period for certain seismic waves, as well as the earthquake’s duration. We applied multiple linear
regression method to obtain seven magnitude relations, specific for the Balkan Peninsula region.

Keywords: earthquakes, seismograms, magnitude, Balkan Peninsula
PACS numbers: 91.30.px

1. INTRODUCTION

The magnitude gives an estimate of the energy release during an earthquake.
It is one of the most important earthquake parameters. Various magnitude types
use different features of a seismogram record to characterize earthquake size. The
magnitude estimates of a given seismic event obtained by the seismogram records
from different stations may differ, because of the radiation pattern of respective
seismic waves, differences in the Earth’s structure between the hypocentral zone
and the corresponding seismic stations, the quality of the records, etc. The magni-
tudes reported by different seismic agencies for specific earthquake may also vary
significantly, even by more than one magnitude unit [1].

The Balkan Peninsula is one of the most seismically active regions in Eu-
rope. However, a homogenized catalog of modern earthquake activity in the region
does not exist. Different national seismic agencies report magnitudes based on dif-
ferent network specific calibrations. Thus, the magnitude estimates for individual
Balkan Peninsula’s earthquakes reported by different national seismic networks,
generally differ. There are two approaches to construct magnitude homogenized
seismic event databases: (1) using general orthogonal regression (or other proper
regression) method to calculate regression relations between the differing network
magnitude scales, or (2) using original seismogram records from stations belong-
ing to different seismic network and a reference magnitude scale to construct new
magnitude relations. In this work we follow the second approach and constructed
Balkan Peninsula specific magnitude relations based on seismic records from the
Virtual Seismic Network of Sofia University (VSNSU) and magnitude estimates
from IDC [2] as reference values in the calibration procedure. In a previous study
[3] 490 individual measurements from seismic records of 11 earthquakes Balkan
Peninsula earthquakes were used to calibrate 7 magnitude scales of 4 magnitude
types (local magnitude M|, duration magnitude M, — 2 scales, body wave magnitude
M, — 2 scales, and surface wave magnitude M, — 2 scales). Here, following the same
procedure as in [3], we extend the number of measurements to 758 (measurements
from seismograms of 25 Balkan Peninsula earthquakes, presented in [3] and [4]) in
order to revise the specific for the region magnitude relations obtained in [3].

The structure of the paper is as follows. In Section 2 we present the data and
procedures to obtain magnitude values for a given magnitude type and we com-
mented on some peculiarities and problems in magnitude estimations. In Section 3
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we describe the application of multiple linear regression analysis method to calcu-
late magnitude relations specific for the Balkan Peninsula region from the available
data. We compare our calibration relations with these obtained in [3] and with mag-
nitude relations calibrated for other regions of the globe. In Section 4 we summa-
rize our findings and we outline some future work to improve magnitude relations
for the earthquakes in the Balkan Peninsula region.

2. MAGNITUDE MEASUREMENTS

Virtual Seismic Network of Sofia University (VSNSU) was established in 2015
as a part of a scientific project funded by Sofia University. The 16 VSNSU seismic
stations cover relatively uniformly the Balkan Peninsula region and they have open
access to their seismic records in near real time. Seismic records from twenty five
earthquakes were analyzed in the studied region in order to obtain several magni-
tude relations specific for the Balkan Peninsula. Fig. 1 shows the location of the
VSNSU seismic stations and the epicenters of the analyzed earthquakes. The pro-
cedure for magnitude calculations, based on the respective seismogram measure-
ments, was explained in detail in [3] and [4]. Every seismic record was processed
and converted to the simulated record of an instrument appropriate to measure rel-
evant amplitudes and their periods for a specific magnitude. The duration of the
earthquakes was measured from the unfiltered seismic records. An example for
amplitude, period and duration measurements for different magnitudes is shown in
Fig. 2. Magnitude relations calibrated by several authors for certain regions of the
globe were used in [3] and [4] to calculate magnitude values from the measured
parameters. Normally these calibrations are site specific and they may not be valid
in other regions including the Balkan Peninsula.

Estimates for seven magnitudes of four magnitude types (M, M, M, M,) were
obtained by the same procedure described in [3] and [4] using seismograms of 25
earthquakes, located in the Balkan Peninsula region with magnitude >4.0 (as re-
ported by [5]). Magnitudes were estimated for every seismic station that recorded a
respective earthquake with sufficient quality. Next, we calculated the relevant event
magnitudes (for each magnitude type) for each of 25 earthquakes by averaging sta-
tion magnitude estimates. Thus we obtained the VSNSU magnitudes by “global”
relations in order to compare them with regional magnitude estimates, defined in
the next Section.

We identified some station magnitude estimates that are disproportionately
higher or lower than the other station magnitude estimates for the same seismic
event. This discrepancy may be explained by a combination of several factors.
Firstly, this problem is related to the large uncertainty in the estimation of im-
portant earthquake parameters such as epicenter coordinates, hypocenter depth and
origin time. The values of these parameters reported by different seismic agencies
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often vary significantly [1]. For example, for one of the selected events the vari-
ation in earthquake’s depth reported by different seismic centers is comparable to
the epicentral distance to the closest station. Secondly, the seismic waveforms are
influenced also by seismic source peculiarities like the nature of rapture process.
For example, if the rapture process is relatively slow or if it develops in several
consecutive branches, the seismic wave amplitudes would be smaller and the re-
cord durations would be longer in respect to a “standard” earthquake. Thirdly, the
quality of the magnitude estimates is affected by the seismic noise level, especially
for seismic stations in immediate vicinity of coastal regions. Noisy records make
difficult identification and measurement of important earthquake parameters such
as amplitude, period and duration.

20° 25° 30°

20° 25° 30°

Fig. 1. Map of the Balkan Peninsula region with locations of the VSMSU seismic stations
(black triangles) and the epicenters of the selected seismic events (red circles)

3. MAGNITUDE RELATIONS FOR THE BALKAN PENINSULA REGION

We used the multiple linear regression analysis method to obtain magnitude
relations for each magnitude type that is specific to the Balkan Peninsula region.
The multiple linear regression is a common statistical procedure used to find the
relationship between a response variable and two or more explanatory variables by

134



fitting a linear equation to observed data. It is applied to variety of statistical prob-
lems including for magnitude scale calibrations [6, 7]. We used the R free software
environment [8] for statistical computations to implement the method.
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Fig. 2. Measurements to obtain magnitude estimates of different types: (a) for local magnitude
M, at station TIR; (b) for duration magnitudes M, and M, at station IDI; (c) for surface wave
magnitudes M, and M, . at station DIVS; (d) for body wave magnitude M, at station [ITM

We applied multiple linear regression to the set of magnitude measurements
reported in [3] and [4]. Thus, we determined the specific coefficients 4, B, C, and
F . in the generalized relations for M, M, M, and M.

M, =4, xlog(A4,)+ B, xlog(R)+ C, xR+ F|
M, =4, xlog(V) + B, x log(D) + F,
M= A4, xlog(V) + B, x log(R)+F,
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M= A, % log(A/T) + B, x log(A) + F,
M, ,, = A, xlog(V2m) + B, x log(A) + F/
M,=A, *log(t)+ B, xD+F,

M =4, xlog(r) + B, x R+F..

Here, 4 and 4,, denote the relevant wave amplitudes in [um] or [nm], 7'— period
of the relevant amplitude in [s], V' — amplitude of the velocity in the relevant seismic
record in [m m/s], ¢ — duration of the earthquake record in [s], R — hypocentral dis-
tance in [km], D — epicentral distance in [km], 4 — epicentral distance in [deg]. The
sign “x” in the equations denotes multiplication. The difference between the two
body wave magnitudes is that M, uses epicentral distance while M," — hypocentral
distance. The difference between the two surface wave magnitudes is that M uses
WWWLP instrument simulation while M ,, — the broad-band long-period filtered
velocity records. The difference between the two duration magnitudes is that M uses
epicentral distance while M —hypocentral distance. See [3] and [4] for more details
about magnitudes definition.

We used the corresponding transformations of the relevant seismogram param-
eters (see the generalized relations above) as explanatory variables in the regres-
sions. We adopted corresponding magnitudes obtained by IDC [2] (provided by
ISC [1]) as reference values. Body wave magnitudes were calibrated with respect to
reported by IDC M, magnitude estimates, surface wave magnitudes were calibrated
with respect to reported by IDC Mg magnitude estimates, while local and duration
magnitudes were calibrated with respect to IDC M, magnitude estimates. Reference
magnitude values for each selected earthquake are listed in Table 1.

Table 1. Reference magnitudes obtained by IDC [2]. Event labels follow [3] and [4]
Event | M,(IDC) | M, (IDC) | M, (IDC) | Event | M,(IDC) | M, (IDC) | M, (IDC)

EvO01 4.0 34 4.2 Evl8 43 3.7 4.2
Ev02 4.2 3.6 4.5 Ev20 3.7 33 4.0
Ev03 - - 3.7 Ev21 3.7 33 3.6
Ev04 - 3.8 4.2 Ev25 35 35 3.9
Ev05 4.0 3.2 3.8 Ev27 3.7 35 43
Ev06 44 4.7 4.8 Ev28 34 32 3.8
Ev07 4.0 2.9 3.6 Ev29 - - -

Ev08 3.6 3.1 3.9 Ev32 4.2 43 4.8
Ev09 3.8 33 4.1 Ev33 3.6 3.0 4.0
Evll 43 3.9 4.4 Ev34 - - -

Evl4 39 34 3.8 Ev36 34 - 39
Evl15 - 4.8 4.8 Ev37 4.1 3.6 4.5
Evl7 - 3.8 4.0
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The number of waveforms used in the regression for the corresponding
magnitude relations is summarized in Table 2. The number of waveforms used in
[3] is presented for comparison.

Table 2. Number of waveforms used for calibration of specific magnitude scales

Magnitude scale | M, | M, | M | M | My oy | M, | M
Number of waveforms (this study) 94 132 131 142 144 56 59
Number of waveforms (in [3]) 55 91 91 93 95 32 33

Applying the multiple linear regression method we obtained the following
magnitude relations:

M; = (0.14 + 0.14) x log(4,) — (1.01 + 0.64) x log(R) + (0.0020 + 0.0009) x R
+ (5.31+1.33)

M, = (0.49 + 0.05) x log(V log(1.08 + 0.12) x log(D) — (0.28 + 0.46)

M} = (0.47 4 0.05) x log(V) + (1.10 + 0.13) x log(R) — (0.30 + 0.46)

Mg = (0.70 + 0.03) x log(A/T) + (0.55 + 0.11) X log(A) + (1.74 + 0.11)
Ms pp = (0.71 + 0.03) x log(V/2m) + (0.53 + 0.11) x log(A) + (1.72 + 0.11)
Mg = (0.37 +0.16) X log(r) — (0.00032 + 0.00032) x D + (3.05 + 0.41)

M} = (0.36 + 0.17) X log () — (0.00026 + 0.00033) X R + (3.04 + 0.43).

The comparison with relations obtained in [3] emphasizes several important in-
ferences. Magnitude relations for the body wave magnitudes and the surface wave
magnitudes differ less between the two studies than the local magnitude and the
duration magnitudes. It is probably related to the larger numbers of measurements
used in the calculation of the magnitude relations for the body wave magnitudes
and the surface wave magnitudes, decreasing statistical fluctuations and leading to
stability of the estimates. Uncertainties of the estimates for the body wave and sur-
face wave magnitudes are smaller in this study where more data are used in respect
to the data used in [3]. It is an indication that the magnitude relations may approach
stability. Both relations for body wave magnitude, M, and M,", have similar regres-
sion coefficients and uncertainties. Thus, it is justified in future studies based on
larger data sets to use only one of the relations. Similar behavior is observed also
for the surface wave magnitude scales, M, and M .. Therefore only the M . may
be used in future research since there is no necessity to simulate WWWLP records
contrary to the Ms estimates. Uncertainties of the regression coefficients for the
duration magnitude relations also diminish in comparison with the previous work
[3]. Duration magnitude practically does not depend on the distance, since the cor-
responding calibration coefficients in both M, and M relations are close to zero.
Both duration magnitude scales, M, and M, have similar regression coefficients
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and uncertainties; hence it is justified to use only one of them in future studies. The
local magnitude depends on distance only by the logarithm term in the regression,
while the calibration coefficient for the linear distance term is approximately zero.
Regression coefficient 4, in local magnitude relation is characterized by higher
uncertainties than this in [3], while other coefficients have smaller uncertainties.
More seismic waveforms measurements are required to reach stability for the local
magnitude relation.

We recalculated magnitude estimates for all 758 sets of measurements from
individual seismic waveforms by obtained magnitude calibration relations. Next,
we estimated different magnitudes (for each magnitude type separately) for each
analyzed earthquake as average of relevant station magnitudes. Figs. 3—6 present
comparison between magnitude estimates for the analyzed 25 seismic events, cal-
culated on the base of the magnitude relations obtained in this study, relations ob-
tained in [3] and magnitude estimates by relations calibrated for other regions of the
globe (for details see [3] and [4]). Relevant reference magnitude values, as given by
IDC, are also presented in Figs. 3—6.
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Fig. 3. Comparison between body wave magnitude estimates. Black stars denote reference
magnitudes, green triangles — estimates by relations obtained in this study, violet triangles —
magnitude estimates by relations obtained in [3], red dots represent estimates based on “global”
relations, used for initial magnitude estimates in [3] and [4]

Differences between “local” (Balkan Peninsula specific) and “global” estimates
for surface wave magnitudes are smaller than these for other magnitude types. It
is an indication that the “global” relation for the surface wave magnitude may be
considered relatively appropriate also for Balkan Peninsula’s earthquakes. For the
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majority of the considered earthquakes single event magnitudes based on the two
different relations (in [3] and in this study) coincide completely, except for 3 M .

estimates and 5 M estimates which differ by 0.1 magnitude units.
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Body wave magnitude estimates in this study and in [3] also differ by no
more than 0.1 magnitude units. Differences between “local” and “global” body
wave magnitude estimates are relatively low for most of the selected earthquakes,
although for a limited number of seismic events the difference is up to 0.6-0.7
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magnitude units.
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Fig. 6. Comparison between local magnitude estimates. See Fig. 3 for used symbols

Local magnitude estimates in this study and in [3] also differ by no more than 0.1
magnitude units. It is interesting that the difference between these “local” estimates
and the “global” M, magnitude relations may be quite large (up to 1.4 magnitude
units), indicating that “global” M, magnitude calibration is not appropriate for
application to Balkan Peninsula earthquakes.

Relatively large are differences (up to 0.3 magnitude units) between the
duration magnitude estimates in this study and in [3]. As for the local magnitude
estimations, the “global” calibration relation for duration magnitude is not suitable
for Balkan Peninsula earthquakes.

4. SUMMARY AND CONCLUSIONS

In this paper we presented new magnitude calibration relations for local
magnitude, body wave magnitude (2 scales), surface wave magnitude (2 scales), and
duration magnitude (2 scales) derived by VSNSU seismic record measurements.
The obtained relations are representative for the earthquakes in the Balkan
Peninsula region. Our results improve and precise the magnitude relations obtained
in the previous work [3].

Obtained magnitude relations are still preliminary despite the improvements.
Many more seismic records should be processed and used in the calibration
procedure to obtain more precise and fully operational relations for the Balkan
Peninsula region. We plan to process more VSNSU seismogram records including
also earthquakes with M < 4.0, in order to decrease the uncertainties of the
regression coefficients. The obtained Balkan Peninsula magnitude relations may
improve the magnitude determination of earthquakes especially in regions near to
political borders between the different countries, where magnitude estimates are
usually based on seismic stations records from single national network with limited
azimuth coverage.
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[TOMOIITA HA BE3IIMJIOTHU JIETATEJIHU CPEACTBA (BJIC)
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2, Tuma Koncynm *“ OO/, Cogpus, Bvreapust

Wsan Unues, ITnamen Jankos. JUCTAHIIMOHHU METOIN 3A TAMA-KAPTO-T'PADU-
PAHE C TIOMOIITA HA BE3IIMJIOTHU JIETATEJIHU CPEJICTBA (BJIC)

Pa3renana e TexHONOTHATA 33 TUCTAHIIMOHHO KapTorpadupaHe Ha TEPEHHU C Mpearosara-
€MO Tama paJroaKTHBHO 3aMbpCsBaHE C MoMoluTa Ha Oe3mwiotHH JerarenHu cucremu (BJIC).
JluckyTupar ce npUHIMIKTE Ha W300p Ha rama-JIeTeKTop, noaxosul 3a Brpaxkxaane B bJIC. Onu-
CaHU ca TIOIXOUTE 3a Ch3IaBaHe Ha JISTaTelIeH IUTaH MPY JIMHEEH U TOYKOB MOJIeT Ha OOJUTaHe U
TEXHUKHUTE Ha KapTorpadupaHe Ha rama-paHoaKTHBHOTO 3aMbpcsBaHe. [IpecTaBeHn ca JaHHU
OT TECTOBO U3MEPBaHE Ha M3KYCTBCHO CH3/aJICHO PaIMOAKTUBHO 3aMbPCSBAHE U Ca pas3IieaHu
TEXHUKHTE 3a ChbOMpaHe Ha JaHHU. Hakpas e mpeicTaBeH KOHKpPETeH npuMep 3a 00paboTBaHe Ha
MIOJTYYEHUTE PE3YNITATH U Ch3[laBaHe Ha KapTa Ha MPEIoIaraeMoTo PaJOaKTHBHO 3aMbpCsBaHE.

Ivan lliev, Plamen Dankov. DISTANCE METHODS FOR GAMMA-MAPPING WITH
UNMANNED AERIAL VEHICLES (UAV)

The technology for remote mapping of terrains with suspected gamma radioactive contam-
ination using unmanned aerial vehicles (UAV) has been explored. The principles of selection
of gamma-detectors suitable for embedding in UAV have been discussed. Described are the
approaches to creating a flight plan for a line and point model for data collection from the terrain
and the techniques of gamma-radioactive contamination mapping. Test data from artificially
generated radioactive contamination are presented and data collection techniques are described.
Finally, a concrete example has been given for data processing and mapping of the supposed
radioactive contamination.

3a xonmaxmu: UBan U. Unues, ,,Tuta Koncynt* OO/, 6yn. [Ix. bayusp 5A, 1164 Codus,
tei.:+359 888 550 089, E-mail: i.iliev@thetaconsult.com

142



Keywords: airborne remote sensing, radioactive pollution, gamma-background, scintillating
detector, Csl, gamma-mapping, UAV
PACS numbers: 89.60.-k, 98.70.Vc, 29.40.-n, 92.60.hx, 89.90.+n

1. BbLBEJIEHUE

3a u3cienBaHe Ha OOIIMPHU TEPUTOPHH OT 3€MHATa MOBHPXHOCT U OJIM3KO
npuiexarara atMocgepa — kaprorpadupane, 3eMeaeIne, IPUPOIHU OSACTBUS U
KaTaKJIM3MH, aBapHH, 11Ba IPUPOA, HACEIICHH TEPUTOPHH, aBTOMOOMIICH TpaduK,
KauecTBO Ha BOJIATa M Bb3yXa, JIOKAJHU 3aMbPCABAHUS U TIP., €AWH OT Hal-TIOIX0-
JSIIIATE METOJU € HAOIIOICHUETO OT Bh3ayXa (airborne remote sensing). Kbm Tasu
LIMPOKA KaTeropus OT JCHHOCTH MOXKEM J1a MPHOAaBUM U JUCTAHIIMOHHOTO U3CIIEA-
BaHE Ha PaJlMOAKTUBHU 3aMbPCSIBAHUS OT Bb3IyXa.

AKO 3HaeM MECTOIOJIOKEHNETO Ha AaIeHO PaAMOaKTUBHO 3aMbpCsBaHE HA 3e-
MSITa, MOXKEM J]a C€ HACOUMM KbM HEro ¢ MOAXOAsIIaTa H3MepBaTeiHa anaparypa u
JIa TO OLICHUM KaueCTBEHO U KOJIMYECTBEHO. 3a 0e30MacHOCTTa Ha IepcoHaa, Kok-
TO OM U3BBPILWII TOOOHO U3MEPBAaHE C PHYHO MIPEHOCKHMA anaparypa Wil HaToBa-
peHa B IBHIKELIO ce M0 3eMHAaTa MOBBPXHOCT MIPEBO3HO CPEACTBO (KOJa, KAMHOH U
Ip.), OT CHILECTBEHO 3HaUEHHE € MH(POPMALUITA 32 TUIIA HA OYAKBAHOTO JIbUCHHE.
ToBa Moxe na Obje MPEABUICHO Ype3 MMO3HABAHE HA PAJAUOHYKIWAHUS ChCTAB Ha
3aMbpcsBaHeTo. Jpyra nonesHa 3a nepconana uHGopmanus ou Ouna egHa, Makap
U Tpy0a, KOJIM4YeCTBEHA OLICHKA Ha aKTUBHOCTTA M HEHHOTO pa3NpeelICHHE MO 3eM-
HaTa MOBBPXHOCT — JallK Is1aTa aKTHMBHOCT € KOHIIEHTPUpPaHa BBPXY MO-MaJKa,
WK pas3mpenerneHa BbpXy MO-rofisiMa mionl. 3a Aa cd HabaBUM TakaBa MOJIe3Ha
MpeABapuTeNIHa HHPOPMAILS 32 OTHOCUTEIHO TOJIEMH TEPUTOPUH, Hai-ynoOHO Ou
Owio 1a ru 00JIeTUM C JIeTaTeseH anapar (MWIOTHPYEeM WM OC3MIIOTEH), HOCel]
Ha 0opJia CIIEKTPOMETPUYHHU JIETEKTOPH 38 PaJUOaKTHBHOCT.

lama-1p4yeHneTo € AbI00K0 MPOHUKBALIO HOHU3UPAILO JTbYCHUE (paguanys)
OT €CTECTBEHH WJIM M3KYCTBEHU HM3TOUYHHWIM WM 3aTOBA raMa- CIIEKTPOMETpHUsATA €
MHOTO MOLIEH MHCTPYMEHT 32 MOHUTOPHUHT U OIIEHKA HAa pagualusaTa B OKOJHATa
cpena. M3cnenBanusra Ha TaMa-ThYCHUETO CE U3BHPILIBAT OT Bb3ILyXOIUIABaTEIIHU
CpeACTBa, MOJIEBH NPEBO3HU CPEACTBA, Mella, B COHIAXH, HA MOPCKOTO IBHO U
B naboparopun. HazemHuTe 1 0COOCHO BB3IyIIHUTE U3MEPBAaHUS HA TaMa-Tbye-
HUe 00XBalaT rojieMH y4acThblU OT 3eMHAaTa MOBBbPXHOCT. MHOTO HallMOHAIHU U
PETHOHAIHU OPTaHU3aIMK Ca ChCTaBWIU U MyOJIIMKyBajiu MOAPOOHU rama-paauo-
METPUYHHU KapTu. TakWBa CTaHAApPTU3UPaHU KapTH HA Ha3eMHHUTE KOHLEHTpAIUU
Ha pajuanys 1 paJuoakTHBHUA MaTepualn MOrar Aa ObAaT CpaBHEHU M PETHOHA-
HO 00eJMHEeHH, OKa3BalKU OOIIM PEerMOHaIHU TEHICHIUH B PaJHOHYKIHIHOTO
pasnpocTpaHeHUE W M3BBPIIBaHE Ha paJMOJOrMYHATa OLEHKAa Ha OKOJHATa cpe-
na. To3u mporiec ce NMoAIbpKa U3KIIOUYUTEIHO akTUBHO OT International Atomic
Energy Agency (IAEA) [1-4].
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I'ama-kaprorpadusiTa OT Bb3ayXa ¢ THIOTUPYEMH JIETATETHA CUCTEMH JaTHpa
OT JIeceTKH ToauHu. Haif-akTHBHY ca IbP>KaBUTE U OPraHU3AIUITE, KOUTO U3CIIe/-
BaT OOMIMPHHM W TPYAHOAOCTBITHUA TepuTOpHH (Hampumep B ABctpanms [5]). Tyk
“Ma HaTpyIaH MHOTO OIHT, BKIIOUHTETHO U B bearapus [6-8].

Wnesta 3a m3non3pane Ha Oe3muinoTHH JeTarenau cuctemu (BJIC) 3a nucran-
[IMOHHA TaMa-paguoMeTpHUs U TaMa-KapTorpadrpane qatupa OT Io-CKOpO BpeMe —
ot 10-11 rogman. B 0630pa [9] e mageHa moapoOHA KapTHHA HA Pa3BHUTHETO Ha
Ta3u MeToAWKa. BCHITHOCT MO-CEpHO3HO pa3BUTHE HUIESATa MPETHPISIBA CIE Si-
penns wHOEACHT BB Fukushima Daiichi Nuclear Power Plant npes mapr 2011 r,,
KaTo CIIe] Ta3¥ TO/IMHA 3aIll04Ba Ja ce IJIe/la MHOTO TI0-CEepHUO3HO ¥ Ha JUCTAHIINOH-
HUTE U3MEPBaHU IPU aBapUH C ITOMOIITA Ha YIIPaBIsieMH poOoTH (BXK. HAIIpHIMeEp
[10]), xakBuTO ca BJIC (umm maponosete). Ilpu ToBa BJIC Morar ma ce mpumarar
KaKTO TP paTdOaKTUBHU HHIUACHTH (Harpumep [11]) ¢ orien Ha moryyaBaHe Ha
crierrHa uHpopMarys 0e3 PUCK 3a )KMBOTA Ha CIICIHAINCTUTE, PabOTEIIH 10 CITy-
Yasi, Taka ¥ 3a PETYSIPHU HU3MEPBaHUS U KapTorpadus Ha JOKATHH 3aMbPCUTENN
(mampuMep m3cienBaHe Ha ypanueBata anoManus B Yexwus [12]). ['ama-paamoak-
TrBHUTE M3MepBanusa ¢ bJIC morar na ce pazfensr yCIIOBHO Ha JIBE KaTE€ropuu: ¢
OC3MUIIOTHU CaMOJIETH U ¢ KBaapokonTepH [9]. [IppBuTe ce M3IMONI3BAT 3a ObP3U U
OTHOCHTETHO TO-TpyOn m3MepBaHus oT BucounHa 30—50 m, a BTOpHUTe — 3a I10-TOY-
HU ¥ JIOKQIM3UPAHN U3MEPBAHUS OT BUCOYMHA THIHYHO 10 10 m, BKIFOYMTEITHO U
BBB BBTPEIIHOCTTA HA CTPAJIN M TIOMEIICHHS.

3a ma ce m3rpaay rama-KapTa ¢ 1oopa pasmeiauTenaHa CIOCOOHOCT M B CHITIOTO
BpeMe METONBT HU Na ObJIe HKOHOMHYCCKH e(hEeKTUBEH, € Hy>KHO Ja ce OTKpue Oa-
JIAHCHT MEXITY HeoOXo[rMara 4yBCTBUTEITHOCT Ha IETEKTOPHATA CHCTEMa, OT eHa
CTpaHa, ¥ CKOPOCTTa M BHCOYHMHATA Ha ToJieTa, OT apyra. [lo-Bucokara ckopoct u
MO-TOJISIMaTa BUCOYHMHA TI03BOJISIBAT TI0-ObP30 OOIMTaHEe Ha Ja/ieHa TEPUTOPHS, KOe-
TO CIIECTSIBA JIETATEIHO BPEME U MO-OBP30 Ce MoTyyaBa pe3ynTarbT OT U3MEPBaHETO.
3a /1a ce MOCTUTHE TOBA, Ca HEOOXOIMMU JIETEKTOPH C TIO-TONSIMa YyBCTBHUTEITHOCT,
KOETO OT CBOSI CTpaHa yBeIM4YaBa TeXHUSA 00eM/Terto U IieHa. HamupaHeTo Ha OataH-
ca MeX[y ABETE Ce MOCTHUTa YpPe3 pelIaBaHeTo Ha peana GU3MIHH 33/1a9H.

C paszButrero Ha OesmmtoTHuTe Jerareadu cucremMu (BJIC) ce yBenmaasar
Y BB3MOJKHOCTHTE 32 KapTrorpadupaHe Ha 3eMHATa MOBBPXHOCT OT Bb3ayxa. KM
BJIC Mokem ma mpUYHCINM ¥ MAJIKUTE CITBTHHUIIN, KOUTO OWXa HU TOCITYXHITH 32
HaOJIfofIeHNE Ha paguallioOHHaTa 00CTaHOBKa IO opOuTata uM B Onm3kus Kocmoc
(Spaceborn remote sensing) (Bx. Hanpumep [13,14]). BJIC no3BoxsiBar uzcnenpa-
HETO Ha TEPUTOPHH, KPHUEIIH PA3IMYHU OIMIACHOCTH — KaKTO paJHalliOHHH, TaKka U
OT BCSAKaKbB JIPYT Xapakrep, 0e3 (u3mueckn fna ce 3acTpaliaBa Ha3eMHHAT €KH-
MaXK, YIpaBIIsBalll JIETAaTETHOTO CPeACTBO. ToBa TAXHO MPEANMCTBO pa3KpHUBa HOBU
MEePCIIEKTUBY KaKTO 33 Pa3BUTHETO HA JOSUMETPHATA, Taka U 3a CIy)KOWTe, pearu-
pallld B aBapUilHU CUTYaIlUH.
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B Hacrosmara pabora HHUE cMe CIIONENMIN ONUTa CH OT TOCJeqHaTa TONrHa,
cBbp3aH ¢ npmwioxkerne Ha BJIC 3a muctannmnoHHO rama- kaprorpadupane. Tosa
BKJTIOUBA: aHAJIU3 Ha TTOIXOASIINTE ramMa-IeTeKTOPH, aHaJIN3 U TUCKYCHsI Ha Jabopa-
TOPHH U TIOJIEBU €KCIIEPUMEHTH C TTOCTABEHO (M3KYCTBEHO CH3a/IEHO) PaiOaAKTHB-
HO 3aMBbpCSIBaHe, ChCTABSHE Ha JICTATEIHU TUIAHOBE 3a OONHMTaHe HaJl 3aMbpCsSBaHe-
TO, 00pabOTKa HAa JAHHWUTE W MPUHIMITNTE HAa M3rpakIaHe Ha KapTara Ha 0OeKTa —
rama-kaprorpadupanero. Hakpas ca HampaBeHH W3BOIU U 0OCHICHN HACOKH 3a Ob-
JemaTa Ha paboTa 1Mo JUCTaHIIMOHHO TraMa-kaprorpadupane ¢ momornra Ha BJIC.

2. CbBMECTEH ITPOEKT 3A JUCTAHLIMOHHA
I'AMA-KATPOI'PA®HS C IIOMOILTA HA BJIC MEXIY
OUBNYECKUA PAKVIITET U ®PUPMA ,,TUTA KOHCVIIT* OO/

B nauanoro Ha 2017 r. exkun ot nokropantu or Dusnueckus dakynrer Ha Co-
¢wuiickust yausepcureT ,,CB. Kiiument Oxpuacku®, ppkoBogeHH OT joll. I[lnameH
JlaHKOB OT Karenpa ,,Pagrousrka 1 eneKTpoHuKa“, 3arodHa paboTa 1o HOB IIPOEKT,
(oKycupaH BbpXy M3CIIE/IBaHE HA BE3MOKHOCTHTE 32 Pa3BUTHE Ha TUCTAHIIMOHHU-
T€ METOAY 33 M3MEpPBaHE U OICHKA Ha paJuallioHHaTa 00CTaHOBKa BBHPXY 3€MHATa
TMMOBBPXHOCT — HAa OTKPUTO U 3aKPUTO. ToBa e METOABT HAa Bb3AYIIHOTO raMa-KapTo-
rpadupaHe, KOWTO € OTHOCUTEIHO HOBAa TEMATHKa 3a KHIIa Ha poekTa. UneHose Ha
TO3U CKHUII Ca B3CJIU Y4aCTHC U B IIBPBHUA U 3aC€ra CAUHCTBCH CKCIICPUMCHT I10 Bb3-
JYIITHO TaMa-KaprorpagupaHe, OChIIECTBEH OT Obirapckara (pupma ,,Tuta Koncynt*
OOQ/1, Ha OTHOCHTEHO TOJIsIMA OTKPHTA IO Ha OBbJTapcKa TEPUTOPHS C TOMOIITA
Ha MWIOTHPYEMH JIeTaTeIIHU cpecTBa [6, 15]. ToBa € enmuH MHOTO yCTeIIeH eKCTIepH-
MEHT, MPH KOMTO ca MOCTUTHATH 3HAYMMH U M3IMIONI3BAEMH 32 IIpaKTHUKaTa pe3yaTaTu
Y TOBA J]aBa HA/ISK/a, e CIIOMEHATHST METO MOXKE J]a CE pa3BUBAa U B ObeIIIe.

Hogara 1ien ob6aue e nznonzsanero Ha bJIC ¢ pukcupaHo uiam poTupaiio Kpu-
710, KOETO U3UCKBA ISUIOCTHO MPEOCMUCIISIHE HA U3MEPUTENTHATA TOCTAHOBKA, M3-
MOJI3BAHUTE JIETEKTOPH, EICKTPOHHUTE CXEMH 3a peann3alsl Ha IUCTaHIIUOHHUTE
HU3MEpBaHUs, HpI/II{O6I/IBaHC Ha OIMUT NMPpU CbCTAaBAHC HaA C(i)eKTI/IBHI/I JICTAaTCIJIHU I1J1a-
HOBE M HOB ITOJIXOJI TIPY peasin3alysi Ha METo/ia 3a rama-KapTorpadupane.

Karo mbpBH IpOEKT Ha eKWMa B Ta3W 00IACT Mpe3 HACTOosIIaTa TOANHA ca pe-
IICHU HSAKOJKO 33/Ia4d C BaXKHO 3a OBJIEIIOTO MpOAbKaBaHe Ha paborara 3Have-
Hue. Ha mbpBO MSCTO TOBA € CpaBHUTEJICH aHaIM3 U M300p Ha TOAXOIII TamMa-fe-
TEKTOp W CJEKTPOHHA cXeMa 3a m3MepBaHe. ToBa BKJIIOYBA MPOyYBaHE, TOAOOD,
JabopaTopHu (Ha3eMHM) EKCIIEPUMEHTH U aHAJIU3 Ha HAJIMYHO M HOBO 00OpY/IBa-
HE C OV Ha TPU BayKHU MapaMeThpa — YyBCTBUTEIHOCT Ha JETEKTOPa, TETIO Ha
1sIaTa U3MEPHUTENTHA cXeMa U e()EeKTHBHOCT 110 OTHOILICHHE Ha KOHCYMAllHUsTa Ha
eneprus ot barepusita. Cieapaniata BakHa 3ajja4a € Ipoy4YBaHe Ha MPHI0KUMOCT-
Ta Ha METOJa 3a AMCTAaHIMOHHO rama-kaprorpadupane ¢ BJIC 3a pa3nuunu Tepe-
HU — Ha OTKPUTO TIOJIe, TNIAHWHCKA cpelia, TPpajcka U IUIbTHA Tpajicka cpelia U BbB
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BBTPEIIHOCTTA Ha crpajiu. ToBa € CBhp3aHO C U3IMOJI3BAHETO HA HOB MOJIXO X HOBA
TEXHOJIOTHYS 32 Ch3/IaBaHe Ha JIeTaTeIHH IUIaH Ha u3non3Banoro bJIC. Muoro Ba-
JKHA 3a/1a4a Ha MPOEKTa € U peajn3allisITa Ha TUTaHUPaH eKCIIepUMEHT 3a rama-Ka-
Tporpadupane Ha OTKPHUTA MaJlka IIOMI C OTJIeN Ha IOKa3BaHe Ha MpaKTHIecKara
paboTocrocobHOCT Ha MeTona. ToBa € OTHOCHTEIHO CIIOXKEH EKCIIEPUMEHT U JI0-
ITBJIHUTEITHO € W3II0JI3BaHa KOHCYJATAHTCKA MTOMOIIl HA BHHIITHY 32 €KHUIIa eKCIIEPTH
o BJIC. Hakpas ca 0000IIeHH pe3yaTaTHTe OT IPOydYBaTeIHATA U €KCIICPUMEH-
TanmHata paboTa MO MPOEKTa U € MPEIJIOKEH HOBHUSAT METON 32 OTHOCHTEIHO HE
MHOTO CKBITO TUCTAaHIIMOHHO ramMa-KapTorpadupaHe Ha MaJK{ TUIOIIH C TOMOIITa
Ha BJIC. Ilony4yeHu ca v OJE3HA PE3yITaTH OTHOCHO YyBCTBUTEIIHOCTTA HA METO-
7la ¥ eKCTIEpUMEHTATHATa HeOTIPEIETICHOCT, KAaKTO M MPENOPHKH 3a OBJEIIo Mpak-
TUYECKO M3MOJI3BaHE HAa METO/A.

C pa3BUTHETO HAa HOBUTE TEXHOJOTMHM B OONacTTa Ha aBTOMATHU3aLUATA U
MO-TIPOABIKATENHATa aBTOHOMHOCT Ha BJIC ce oTKpMBar 1 HOBU BE3MOYKHOCTH 32
n30sTBaHE HA JOCET Ha YOBEKAa C BUCOKU HHMBA Ha PaINOAKTHBHOCT MPH OTKPHUBaHE
Ha TakuBa M3TOYHHUIU. [logoOHa pagroakTHBHOCT OM Moria Jja ObAe OCTATHYHO
3aMbpCsIBaHE BCIEACTBHUE Ha SAPEHU aBapuH, 3aMbpCsBaHe B OJIIM30CT 10 YPaHOBU
MUHHU, B CKJIaI0BH [TOMEIIEHHS, KAKTO U ITOBHUIIIEHA €CTECTBEHA PAAHMOAKTHBHOCT B
MoYBara, OATIOYBEHUTE CKaJN U Jp.

3a ocurypsBaHe Ha 0€30IACHOCT Ha IIEpCOHAjIa M HaCEeJICHUETO IIBPBOTO HEOO-
XOIMIMO YCJIOBHE € MPOBEXJaHe Ha AMCTAaHIIMOHHO HM3CJIEBAHE HAa PaJHaIlliOHHA-
Ta obcranoBKka. EnuH cnabo mo3Har B bearapus MeTon € Bh3AYIIHOTO raMa-KapTo-
rpadupane. JIOKTOpaHT OT HACTOSIIUS €KHIT € UMall Bh3MOXKHOCTTA J1a y4acTBa B
IIBPBOTO U BEPOSITHO €MHCTBEHOTO 10 MOMEHTA BB3AYIIHO TaMa-KapTorpadupane,
W3BBPIICHO HA TepuTopusATa Ha bbiarapus or Obirapcka ¢upma ChC ChIACHCTBHE-
10 Ha Codutickus yHuBepcHUTeT ,,CB. KimmenT Oxpuacku®. 3a 1enra e u3noa3BaHa
armaparypa, 3aKyleHa OT 4yKIECTPaHEH MPOM3BOAUTEN 0€3 TOCTaThYHO MPHUIIOKEH
ormuT B obactra. Habmronenusra mo BpeMe Ha KapTorpadupaHeTo pa3Kpruxa MHOTO
BB3MO)KHOCTH Ha TO3W TUCTAHIIOHEH METOJ, KOUTO HE ca IOCTaThYHO J0Ope pa3BH-
Tu. UnenTe HYU 3a OBb/IEIIO pa3BUTHE Ha METOAA M BB3MO)KHOCTTA J1a ObJIe IPUIIOKEeH
nocpenctBoM BJIC Hu moaTHKHA KBM Pa3pabOTBAHETO HAa BHIIPOCHHUS MPOEKT.

3a m3cieaBaHeTO Ha MO3HATUTE METOIW W PA3BUTHUETO HA HOBU HU € HE0O-
XOIMMO EKCTIIEPUMEHTATHO TIOTBBPIKICHUE Ha pe3ylTaTHTe. 3a peann3anuara
Ha TaKbB €KCIIEPHUMEHT CMe TMOJ0pay HAKOJIKO BHIA JETEKTOPU W M3YUCIIUTEIN-
Ha eJIeKTpOoHMKa. Ta3u amaparypa ce npeapmwxaa aa paboru Ha 6opaa Ha BJIC 1o
BpeMe Ha moJieT. ToBa mpearmonara BUCOKH MU3WCKBAaHUS KbM UyBCTBHUTEIHOCTTA
1 Obp30ACHCTBHETO OT PU3MYHA IJiemHa Touka. OT TeXHHYECKa IIeTHA TOYKa 3a
MIPOIBIDKUTENICH U e(DEKTHBEH TOJIET € HeoOX0MMMO araparypara 1a Obe Jeka U ¢
MTOHIKEHA KOHCYyMaIusTa Ha eneprusi. OcBeH rpy0a olleHKa Ha paJroaKTHBHOCTTA
Ha oOcienBaHUTEe 0OCKTH € mo0pe na mo3HaBaMe W IPOW3Xoja Ha Ta3h pagruoak-
THUBHOCT, 32 JIa TIPEIeHNM JaJIA TS MPEICTaBIsIBa HHTEpeC 3a Hac. ToBa cTaBa upes
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CIEKTPOMETPHUYHHU JIETEKTOPH, KOUTO OT CBOSI CTpaHa MMaT MO-CHEeIHaTHI U3NUCK-
BaHUS KbM €JIEKTPOHUKATa, TeHEpPHUpaT MO-TOJIEMH MACHBH OT JaHHHW W MarepHa-
JI'BT, OT KOUTO ca M3pabOTeHH, € TMO-CKbITI. CIIOKHOCTTA Ha IIpodiieMa, Ipea KOWTo
3acTaBaMe, HU MPUHYXAaBa Ja TO pelInM Ha MajKu CTHIKU. [IbpBara oT Tax Oun
Omta M300pBHT M HA0ABSIHETO HAa HEOOXOIUMHUS 3a SKCIIEPUMEHTA IETEKTOP. 3a IIeI-
Ta HA € HeOOXOANMO CpaBHEHHE Ha IMO3HATHTE 0 MOMEHTa AETEKTOPH, MOIXOMIS-
¥ 32 TaMa-CIIEKTPOMETPHSI, MPOyYBaHe Ha MMa3apa U 3aKylMyBaHETO Ha MOIAXOISII
nerekrop. KbM MOMEHTa eKUIIBT HU CHTPYIHHYH TACHO ¢ pupma ,, Tura Koncynr*
OO]/] (c omuT BBB BB3MYIIHOTO TamMa-KapTorpadupaHe), KaKTo U ¢ BOIEITH Gup-
MU, IPOU3BEXKIAINHN JO3UMEeTpryHa anaparypa: Mirion Technologies, Ortec, Flir u
Thermo-Fischer, pa3paboTBamy chIIo U raMa-IeTCKTOPH.

B boearapus Bce moBede ce pa3BuUBaT M OE3MWIOTHHUTE JIETATEIHU CPEACTBA,
YCHBBPILIEHCTBAT C€ KOMYHHUKAIIMHTE C TAX, MO3UIIHOHUPAHETO, YBEIHYaBAHETO Ha
MPOABDKUTEIIHOCTTA Ha TIOJIETa U ToJIe3HaTa Maca. 3acera MoBeUeTO Ce U3I0NI3BaT
IJIaBHO 32 3aCHEMaHe Ha 3eMHaTa MOBBPXHOCT C ONTHYHH, HH(ppauYepBEHN WIIN XH-
Mep-CreKTPpaTHi KaMepH, HO UMa TIOTeHIIHAJ JIa Ce U3IIOJI3BAT U 32 TUCTAHIIMOHHO
rama-kaprorpadupane. B beirapus uma gocrarsaso crienuanucty mo bJIC, Bxiro-
quTeTHO U B COPUIICKHS YHUBEPCUTET (IPEIOIaBaTe) I B MarKCThPCKa IIporpama
«Aepo-KOCMUYECKO WHKEHEPCTBO M KOMYHUKAIIUW» BbB Pu3nveckus (akynrer),
KOWTO C TOTOBHOCT IIfe TOATIOMOTHAT OIIl€ B CAMOTO HAYaJIo pealin3anusaTa Ha MoJ0-
OCH IMCTAHIMOHEH METOJ 3a rama-kaprorpadupane ¢ momomra Ha bJIC u me Hu
OCHUTYPAT HeoOXomuMara TexHUKa. ToBa Iie € eHa HanCTHHA HOBa Bh3MOXKHOCT 32
MPAKTHICCKO U U3KITFOUYUTEITHO TI0JIe3HO m3non3Bane Ha bJIC.

Paborara o eanH TakbB MPOEKT 3a Pa3BUTHE HA HOB METO 32 TUCTAHIINOHHO
rama-kaprorpadupane ¢ momorira Ha BJIC e cBbp3aHa ¢ mpecienBaHeTo Ha HIKOJ-
KO OCHOBHH IIEJIH.

¢ Haif-BaxkHaTa 1men € 1a ce JoKake paboTOCIIoCOOHOCTTa M €(PEKTHBHOCTTA
Ha MeTolla Ha paJIHallMOHHOTO rama-karporpadupane oT Bb3AyXa C MOMOIITa Ha
BJIC ¢ pukcupano wimu porupario Kpmio. ToBa HANCTHHA € BayKHA IIeJT B MOMEH-
Ta, 3aII0TO J0Cera HsAMa SICHU W KaTETOPUYHH JTOKa3aTeJICTBA 3a MPHIOKUMOCTTA
Ha 1Mo100Ha TEXHOJIOTHS Ha PaJHallMOHHO KapTorpadupaHe ¢ W3IMOJI3BaHE Ha OT-
HOCHUTEITHO €BTHHH M MKOHOMHYHH JIETaTelIHU CPEACTBa, C MpuilaraHe Ha MajKu
0 Maca, HO JOCTaThyHO €()eKTUBHU ramMa-JeTeKTOpH M HaKpas — Bb3MOXKHOCTTA
3a peayu3alys Ha TaKbB JIETATENCH IJIaH U M3II0JI3BaHe Ha TaKbB IOJIE3eH TOBAp,
KOWTO J1a OCUTypsIBa Kaue€CTBEHO, C JOCTaThYHO BHCOKA YYBCTBUTEITHOCT U pasjie-
JUTEITHA CIIOCOOHOCT paJiMallMOHHO TramMa-KapTorpadupaHe OTHA4ajI0 Ha OTKPUTH
TEpEeHH, a B ITOCJIEACTBHE U Ha TEPEHU Ha 3aKPUTO U CIIOKHU TPAJICKU TEPEHH.

¢ JIpyra mei, KoSTO FMa BayXHO MTPAKTHUYECKO 3HAYEHHUE U 32 TO-HaTaThIIHATa
paboTa B TOBa HamNpaBJeHNE, € OCBHIIECTBIBAHETO HA MI0JIe3€H CPABHUTEIICH aHAN3
Ha HAIMYHHUTE U HA HOBHUTE ChBPEMEHHH JIETEKTOPH HA ramMa-ThueHHe He CaMo I10
IJIaBHUTE VM XapakTepUCTHKH (€(eKTUBHOCT, MBPTBO BpeMe, pa3/einTeIHa CIo-
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COOHOCT 110 EHEPIHH U TIP.), HO B JIOMIBITHEHUE — 110 TIOJIe3HATa Maca U eHepruiHara
edexTuBHOCT. [Ton00CH aHANN3 HE € pealu3upaH Jlocera, 3aioTo TENoTo Ha Jie-
TEKTOPa ¥ KOHCYyMHPaHATa MOIIHOCT HE Ca OT OCHOBHO 3HAYCHHE ITPH CTAHIapPTHU-
te npuiokenns. [1pu nznomsane B BJIC obade Te3u XapaKTepUCTHKH ca 0COOEHO
B)XKHU M TOBA € HEOOXOIMMO, 32 JIa CE HAaMePH MOAXOAIIUAT OayaHC.

¢ KoHkpeTHa 1ies1 e npu00MBaHeTo Ha OMUT B IUIAHUPAHETO HA MOIXOMISIIN
npodwim 3a oONMTaHEe HA mazeHa oOiacT (Ch3gaBaHe HA TOAXOIMIN JICTATEIICH
TUTaH) B 3aBUCHMOCT OT HEWHUsI XapaKTep W MOCTABSHHUTE el Ha M3CIIC/IBAHETO.
ToBa e BaxkHa 1€, 3aM0TO CHCTABSIHETO HA TO3M IUIAH 32 OOJHUTAHE 3aBUCH OT MO-
Jielia Ha €BEHTYAITHOTO PaIMOaKTHBHO 3aMbPCsABaHE Ha JaJieHaTa 00JIacT — TOYKOB,
JIMHEEH WJIM HeTPEKbCHAT.

¢ ExcriepuMeHTaTHOTO MOTBBbPXKICHHE HA BB3MOXKHOCTTA 3a TMOCTHraHe Ha
JOCTaThb4yHa TOYHOCT TP BB3IYIIHOTO raMa-kaprorpadupane, CpaBHEHO C OOMK-
HOBEHOTO Ha3eMHO KapTorpadupaHe, ChIIo € CIEeIUAITHO ThPCCH PE3yTaT.

¢ Llen e u 0OyueHHe Ha MITAJIK XOpa — CTYJCHTH, TOKTOPAHTH U MJIaJH YUCHH,
B EKCIIEpHMEHTaIHa paboTa M OIUT BHB BB3MYITHOTO rama-kaprorpadupane. 3a
4acT OT EKHUIIa Ta3H JICHHOCT € PSKO CBbp3aHa C TeMaTHKaTa Ha JTUCePTAllMOHHUS
uMm Tpya. llen e u moxmoMarane Ha JEWHOCT MO YCHBBPIIEHCTBAaHE Ha Jiabopa-
TOPHH MPAKTHKYMH, 3alIUTH HAa JUIUIOMHU U KYpPCOBU PabOTH, TUCEPTAIIMOHHU
TPYIOBE U JIp.

+ KitrouoBa 1en e 1a ce HabaBU eHa JOCTaThIHO M00pa cOOCTBEHA TEXHUIEC-
cka 0a3a OT U3MEPUTEIHU CPEACTBA (IETEKTOPH, EIEKTPOHHNA W KOMYHHKAIIMOHHU
CXEMH, METOJIM M COPTYSPHH CPEICTBA) M IOCTATHYHO MOATOTBEH ESKHUII, KOWTO Jia
pa3BUBa METOAA Ha BR3AYIIIHA TamMa-Kaprorpacdus ¢ momorra Ha BJIC.

3. CPABHEHUE MEX/Y PA3JIMYHU TAMA-AETEKTOPHU
C LIEJI BI'PAXXJIAHE B BJIC

ToBa € MbPBUST BayKEH BBIIPOC 3a pelllaBaHe: CPABHEHUE Ha Pa3IMUHU raMa-jie-
TEKTOpHU IO TPU OT TEXHUTE XapaKTEpUCTHKH. B cpaBHEHHETO ydacTBa HE camo
MaTepuantbT, OT KOWTO € n3paboTeHa aKTHBHATa YacT Ha JEeTEKTOPa, a LsJIOCTHO pa-
OoTeliarta AeTEKTHUpalla cucTeMa. ToBa BKIIIOYBA CAMUST ACTEKTOP (CHUHTHIIATOD
unu npyr tan), poroenexrponed ymHoxuten (PEY) wnu apyr npeobpazosaren Ha
CBETJIMHHM UMIIYJICU B €JIEKTPUUYECKH, NIPEyCUIIBATEN, YCUIBATEN, €IEKTPOHHUKA,
Oposilia 1 3anucBalia UMITyJICUTe, U 3axpaHBail 0ok. Tpute napamerbpa, KOUTO
ca Hail-Ba)KHU 3a MIPUJIaraHeTo Ha AETEKTHpAaIlaTa CUCTEMa B OE3MHIIOTHUTE METO-
IIM 3a U3CJe/IBaHe, ca: TETI0, YyBCTBUTETHOCT M HUBO HA KOHCYMaIHsl Ha €JIEKTPH-
yecka eHeprusl. [lopagu cTpykTypara UM ra3opaspsaHuTe OposYH ca OTHOCUTEITHO
JIEKH, HO TsAXHaTa €(eKTHBHOCT € HHCKa. UyBCTBUTENHOCTTA HAa CHHUHTHIIALMOH-
HUTE JETEKTOPH 3aBHCH OT Pa3MepuUTe, ILTTHOCTTA U e()EKTUBHUS aTOMEH HOMEP
Z,, Ha CUMHTHIATOPA (epeKTHBHOCTTA BHB (POTONHKA € MPOMOPLMOHATHA Ha 7).

148



Kiracnueckure ®EVY ca ¢ romsiMo ycuiBane, HO c€ U3pabOTBaT OT CTHKIIO, KOETO
TH TIpaBU TEeXKU W 9ymuuBu. [Ipenu ga ce mpoekTupa msuioCTHA IETEKTOPHA CHC-
TeMa, € HalpaBeHO CPaBHEHUE MEXKIY TOTOBH JETEKTOPHU CHCTEMH, H3IIOJI3BAHH B
MpeHoCHMa JO03UMETPHYHA anapaTypa, KbJIETO MapaMeTpUuTe Tero, e(PeKTHBHOCT
¥ KOHCyMaITus Ha eJl. eHeprus ChIIOo ca pemraBamy. Cropes KaTaiokHara HHGOp-
MaIus, AajieHa OT MPOU3BOAMTEINTE HA JETEKTOPH, € M30paH CHUHTHIAMOHEH
nmerektop oT Csl. 3a mppBOHAYATHHUTE TECTOBH MOJETH € M30paH aeTekTop Ne 2
(tabm. 1). Ilopamn mobpara ¢ 4yBCTBUTEIHOCT, MAJIKH pa3MEpPH U CPABHHUTEITHO
HHCKa IIeHa 01 OMII0 peHTaOMITHO AETEKTOPHT JIa CE M3MO0I3Ba, KOraTo He ¢ Hy)KHa
CIICKTPOMETPHUSA. 3a CIIEKTPOMETPUYHHN H3MEPBAHUS ITO-TIOIXOSMT OU OWIT JETEK-
Top Ne 5, koiiTo € ot chimmst Marepuai (Csl), HO ¢ mo-ToJIsIM 00eM, KOETO TO TIPaBH
mo-4yBCTBUTEICH. YacT oT o0emMa Ha ciMHTHIIaTOpa Ha meTekTop Ne 5 e u3pabore-
Ha OT KpHUCTall, 9YyBCTBUTENIEH KbM HeyTporHu (Li-6). Llenara My e mo-Bucoka, HO
Ou Omia orpaBIaHa MPENBH] TOBA, Y€ IIe TTO3BOJIM Ch3/aBaHE HA rama-Kapra Ha
HSIKOJIKO OTHIEIHH PaJUOHYKIH/A U OTKPUBAHE Ha HEYTPOHHU M3TOYHUIIM CaMO C
emHo oOnHTaHe Ha TepeHa.

Taoauua 1. CpaBHuTeNHA TaONKIA HA U3CIEIBAHUTE AETEKTOPH

Pazmepu UyBCTBUTETHOCT

Ne | Bup/matepuan [mm] [cps/uS/h] (Cs-137) Termo [g]
1 T'M-0posa 80r 8 8

2 Csl 38r 210 40

3 CZT 1000 mm* 1000 60

4 Nal 251 290 120

5 Gsl+Li 38r 1500 550

6 Nal 63r 4600 1400

7 OpranvyeH CIUHTUIATOP 751 5800 1400

K®M Bcekn OT JieTekToprTe Karo HepasZelHa dacT € MPUKpereH (PpoToeneKTpo-
HeH ymHOXxwuTen (PEY), koiTo n3nckBa no0pa 3ammra OT MEXaHHYHO CUyIBaHE
Ha CTHKJIEHUSI My KOPITYC W CTaOWJIM3MPAHO BHCOKO 3aXpaHBAI0 HAlpexeHue (10
okoiro 1000 V DC). 3a mbpBOHAYATHUTE SKCIIEPUMEHTH TOCTAThyHA ITie OBbIe ChC-
TeéMa caMmo ¢ BB3MOXKHOCT J1a OTIpesielisi 00Iara akTHBHOCT Ha 3aMbpCSIBaHETO, Oe3
cnekTpoMeTpus (Kakto e npencraseHa Ha ¢ur. 1). [Ipu Hes ummyncure ot PEY ce
MoZ[aBaT KbM OTEepaIiMoHeH yCuiBaren, ¢popMuparia Bepura u Oposta. bposasT e pe-
aNM3WpaH c JBa KOHTposepa Ha 6azata Ha ATmega328p [16]. EaunusT xoHTpoOnep
CITy’)KH CaMO 32 OTOpOsIBAaHE Ha MIMITYJICUTE B PEKHUM Ha MPEKbCBAHE, & BTOPHAT TH
3amrcBa Ha KapTa ¢ maMeT. Kpm 3ammca ce qo6aesat u nanaute ot GPS nmpueMHnk u
YATPa3BYKOB JalleKOMep, HEOOXOIMM 3a OTIpeielIsTHe Ha OTHOCHTENTHATa BUCOUMHA Ha
T0JIeTa, a CIIPSIMO HEesl ¥ 3aMBPCSIBAHETO, OTHECEHO KbM 3eMHATa TIOBHPXHOCT.
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IMpeau na ce OChIIECTBH MOJIET, ICTCKTOPHATA CUCTEMA € TECTBaHA B YCIIOBUSI,
MaKCHMAJTHO OJIM3KH JIO PEaTHUTE, C TOMOIITA Ha KOHTPOJIHW U3TOYHUIH. M3mon3-
BaHUTE MU3TOYHUIIM ca OT ABa pa3nudHu paauoHykimuaa: Cs-137 u Co-60. [Toxbpa-
HUTE PATUOHYKIIMIU Ca SHU OT Haf-4ecTo CPEelIaHUuTe B PaJHMOAKTUBHU 3aMbp-
CSIBAHUS, IPUIMHEHHU OT YOBEIIKA JIGWHOCT. B TO3M eKCclepuMEeHT ca TOCTHUTHATH
OYaKBAHUTE PE3YJITATH OT MPEIBAPUTEIHUTE TECOPETUUHH MIPECMATAHHS, KOETO J0-
Ka3Ba, ye cucTemMara paboTH M MOXKeE JIa C€ MIPUCTHITU KbM PEaTHUTE MOJICBH TECTO-
Be. BakeH pe3ynTar, noiydeH OT eKCIIepHUMEHTa, € OTKPUBAHETO Ha BUCOYHHATA, OT
KOSITO O0JINTaHeTO OM OMJI0 ONITHMAITHO IT0 OTHOIIIEHHE Ha CKOPOCT, O€30TIaCHOCT H
MUHUMAITHA JIeTeKTupyeMa akTuBHOCT (M/IA).

CrezBaiara CThIKA € U3BbpPIIBaHE Ha cOPTyepHa CUMYIAIUsI Ha MOTTbIAHE HA
raMa-TpueHUETO B pa3iiuHu Matepuani. CUMyNalusaTa € U3BbpIIeHa ¢ JBa COPTy-
epuu npoxykra [ 17]: MicroShield u RadPro 3a motBspxaBane Ha pesynrarute. Bb-
BEJICHUTE MApaMETPH Ca 32 TPU Pa3IMUHK JeOCTHHI Ha CIIOS BB3yX IPH BIaXKHOCT
50%, Temnieparypa 20 °C u Hansirane 950 hPa (neGenmmrara Ha cost BB3IyX OTTOBaps
Ha OTHOCHUTENHATA BUCOYMHATA Ha TosieTa). OCBEH BB3IyX Ca BHBEICHU U YETHUPU
BHUJIa MOTBTUTEIN OT OYaKBAHUTE MATEPHANH, TOKPUBAIIH PAJUOAKTUBHOTO 3aMbp-
csiBaHe. 3a J]a ce BbBellaT KOPEKTHU JIaHHHU, CKCIICPUMEHTAITHO € OTpeJielieHa TUIhT-
HOCTTA Ha T0YBa, ISICHK, TPEBUCTA U XPACTOBHIHA PACTUTEIHOCT. Pesynrarute mo-
Ka3Bar, 4e 0TCIa0BAHETO Ha raMa-Tb4YCHUETO BbB BCEKH OT BbBEJCHUTE ONIBTUTEIN
€ 3HAYMTEITHO U MPHUJIAraHeTO HA ONIBTUTEN B TIOJICBUTE CKCIICPHUMEHTH IIIE U3MCKBA
W3TOYHHIH C TIO-TOJISIMA aKTUBHOCT OT T€3H, C KOMTO pasrojiaraMe KbM MOMEHTA.
Tosa onpeneny u ObJCIMS HH MOAXOJ] KbM IOJICBUS €KCIICPUMEHT (BXK. CIICBAIIHS
pasfen) — ia ce pea3upa OTKPUTO U3KYCTBEHO 3aMbPCABAHE C 11e)T e(hEeKTUBHO MpPU-
JIOKCHHE Ha TEXHOJIOTHATA 3a rama-kaprorpadupane ¢ momornra Ha BJIC.

3axpaHsauy 610K:
3,6V Li-ion cmeHAema KneTka GPS moavn:
3,6/5VDC uHseptop Yac, Aara, KoopauHatu,
BucounHa, Ckopoct v

Moayn 3a

SD-kapTa
c namet

)
[eHepaTop Ha BUCOKO : YNTpa3sByKOB afieKomep:
HanpexeHue: ) Pa3cToaHue a0 obekTa

! Npegycunsaten, WAMu % [etextop:

i obpaTtHa Bpb3Ka — CslcOEY

®ur. 1. briok cxema Ha JACTCKTOpHATa CUCTEMa 3a 3allUC Ha JaHHUTE
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4. ITPOBEXJIAHE HA TECTOB IIOJIEBU EKCIIEPUMEHT
C U3bPAHATA TAMA-JIIETEKTOPHA CUCTEMA

B Ta3u yacT e omucaHo MPOBEKIAHETO HA IBPBUTE MOJIEBU EKCIIEPUMEHTH C
BJIC, Hoceno Ha Ooppa cu IETEKTOpHa CUCTEeMa 3a ramMa-Th4eHHue. 3a mojera €
n3opano BJIC, Tun poTHpaio Kpuiio, H3IM0I3BaHO 3a yueOHH 1ueiu B ['eonoro-re-
orpadckust pakynrer Ha Coduiickus yHHBEpcUTET [18] — BK. M WIOCTpanusaTa
Ha ¢ur. 2. To mpeacTaBisaABa eISKTPUUSCKU KBaIPOKONTEP ¢ 00IIa MoAeMHa CHIla
Ha yetupute potopa okono 100 N. Hanmnunara G6atepust € TUTHEBO-TIONIUMEpPHA C
Hanpexenue 22.2 V u kanarurer 10 Ah, k0oeTo Ha MpakTHUKa OCUTYpsIBa TIOJET C
MPOIBIDKUTETHOCT OKoo 10 min ¢ moxOpaHara IeTeKTOpHA cHcTeMa Ha Oopaa.

®@ur. 2. KpagpokomnTep ¢ o0l mojeMHa cuiia Ha 4eTupuTe poropa okoio 100 N [18], nputexanue
Ha YHUBEPCUTETCKHUS IIEHTHP 32 BB3AYIIHO Habmonenue kbM CY

@ur. 3. JlerareneH I1aH, U3rOTBEH che codryepa MissionPlaner
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Kato mosieBu TepeH 3a TECTOBUS MOJIET € N30paHa YyacT OT MapKHUHTa MPe]]
duznueckus HakynTer ¢ 00mu pazmepu okoio 10 .

Touxa Ne CeBepHa 1IMpHHA W3rouHa nbipKuHA Ckopocr Ha OpoeHe
[deg] [deg] [cps]

1 42.6736268 23.3302206 16
2 42.6736268 23.3302206 17
3 42.6736589 23.3301986 17
4 42.6736911 23.3301765 29
5 42.6737014 23.3301694 18
6 42.6737053 23.3301804 17
7 42.6737053 23.3301804 18
8 42.6736731 23.3302025 16
9 42.6736410 23.3302245 17
10 42.6736311 23.3302314 17
11 42.6736353 23.3302421 17
12 42.6736353 23.3302421 18
13 42.6736674 23.3302201 18
14 42.6736995 23.3301980 16
15 42.6737092 23.3301914 16
16 42.6737131 23.3302024 19
17 42.6737131 23.3302024 17
18 42.6736809 23.3302245 18
19 42.6736488 23.3302465 31
20 42.6736395 23.3302529 16
21 42.6736438 23.3302637 17
22 42.6736438 23.3302637 17
23 42.6736759 23.3302416 18
24 42.6737080 23.3302196 19
25 42.6737170 23.3302134 18

[Tpu Hero npoduinTe Ha OOIMTaHE TPENCTABISBAT YCIIOPEIHN PABU JIMHUH
Ha pa3CTOsSTHUE, paBHO Ha BUCOYMHATa Ha mojeTa (2 m). CkopocTTa Ha MmoJieTa € Ch-
o0paseHa KaKkTo C HeroBara BUCOUMHA, TaKa M C YyBCTBUTEIHOCTTA HA JETEKTOPA,
ckopocTTa Ha Opoene (Tabm. 2) u sxkenanara M/IA.

Wzmepenusar ecrecTBeH (OH Ha IJIOMIAJKATA, NPEABUIICHA 32 EKCIIEPHMEH-
1a, ¢ cpeaHo 0.08 uSv/h. Ilpu Takbe GOH OTKIMKBT Ha U3OpaHus gAetekrop Ne 2
e oxoro 0.08x210 = 16.8 = 17 cps. Craructudeckara HEOIlpeaeIeHoCT Ou Omia
17%=4.12 cps. TeopeTyHO HAMA KaK IIPH TE3U YCIOBUSA HA M3MEPBaHe (JIE€TEKTOP,
BpEMe Ha MHTETpHpaHe, reoMeTpus u rama-hoH) na nmocruraeM MJIA, mo-mainko
oT 4.12 cps HeTHa CTOMHOCT, paBHsBAIA ce Ha MOIIHOCT Ha jo3ara ~0.02 uSv/h
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(3akpbIIeHa HETHA CTOMHOCT). ToecT, 3a 1a OTKpHEeM HM3MOI3BAaHUTE U3TOUYHHUIHN C
HaIraTa JeTeKTOpHa CHCTeMa, BCEKH eIMH OT TSIX TPsOBa 1a ch3/aBa Moje ¢ MOII-
HOCT Ha no3ara MuHHUMYM 0.02 uSv/h Ha pa3cTosHHEe 2 M OT HETO (KOJIKOTO € OYaK-
BaHaTa BUCOYMHA Ha TOJIETA).

OrTtabm. 2 (1. 4 uT. 19) u pur. 4 ce BwKIa, 9¢ OTKIUKBT B IETEKTOpa B TOY-
KUTE HaJ U3TOUHUITUTE ¢ okojio 30 cps, wiu npu GoH 17 cps HeTHATA CTOMHOCT €
okojio 13 cps. ToBa moka3Ba, 4e M3TOUHUIINTE, TIOAOPAHH 3a EKCIIEPUMEHTA, Ch3/a-
BaT 110JI€, KOETO € JOCTAaThIHO CHITHO, WM MMOo-KoHKpeTHO ~0.06 puSv/h.

IIpu moBTOpHOTO OOMHTAHE C IENT TO-TOYHO OTpeeiTHe HAa aKTMBHOCTTA Ha
WM3TOYHUIINTE BPEMETO 3a MHTETPUpPAaHE MOXKE J]a CE€ YBEJIIMYM 4Ype3 3aBUCBaHE Ha
BJIC camo Hajg ToukwTe, B KOUTO € 3a0esI3aH0 3aBUIIaBaHe Ha (poHa.

3a Taka ch31aeHOTO N3KYCTBEHO 3aMbPCSBAaHE M YCTAHOBEHH YCIOBHUS 32 U3-
MEpBaHEe 3a pealu3anuaTa Ha MPeIBapUTEIIHUTE TECTOBU W3CIEeNBaHUS He Oere
nsnomseana peanHa bJIC u ekcriepuMeHTHT ce TMpoBeJie C MOMOINTA HA JUCTaH-
[IMOHHA II[aHTa, HOCeHA Ha PBIE U MOIbPIKallla IeTeKTOpHaTa CHCTeEMa Ha BUCO-
gpHara Ha nojeta Ha BJIC. Briocnenctue O¢ MpoBENCH U PeIOBEH SKCIIEPUMEHT C
BJIC, HO pe3ynTarute e ObAT ONMHUCAHM HA TO-KBCEH €Tall U IMO-TI0APOOHO, KaTo
IIe ce pasmienaT v APYTH TEXHUIECKH BhIIPOCH 3a Ta3W TeXHONOrusA. Enun ot Te3n
BBIIPOCH € CBBP3aH ChC CHBCEM KOHKPETHOTO OTKPHBAaHE HA M3TOYHUIINTE Upe3
HacJIarBaHE Ha ramMa-KapTara BbpXy JETaiIHO N300pakeHue, Ch3AaneHo oT GoTo-
3acHeMaHe Ha TepeHa. ToBa 3acHeMaHe JIECHO O MOTJIO J]a C€ OCHIIECTBH IO BpeMe
Ha ITOJIET C TOMOIIITa HA MUHUATIOpHA KaMepa C BUCOKA pa3ZieNITelIHa CTIOCOOHOCT,
MoHTHpaHa Ha BJIC.

JlorbIHATENNHO 3aTpyJHEHHE TNpEeAN3BUKA HW3IMOJI3BAHETO Ha MPOTPaMUTE
MissionPlaner u 3D Maps (kbM naketa Ha Microsoft Excel) mopanu daxkra, e e
ca ajanTHpaHu KbM MO-eIpoMaIiadHu KapTH. B HacTOAIINS €KCIIEPUMEHT Ce W3-
TT0JI3Baxa TEXHUTE MPEACITHA BE3MOKHOCTH. 3a Mo-ApeOHOMAaa0Hu 00CIeIBaHUs
€ He0OXOMMO KBaJPOKONTEPHT Ja € CHAO/IEH C pa3nyHa HaBUTAIIMOHHA CUCTEMA,
ro-touHa ot GPS (crmomeHarwsT TUAap WM IPyro).

Crnen mpuKITIOYBaHE HAa TECTOBUTE W3MEPBAHHSA Ha CHUMYIIAIIMOHEH TIOJET Ja-
HHUTE ca CBAJIEHU OT KapTara Cc MaMeT Ha JIETEKTOpHATa cHcTeMa U 00paboTeHH Ha
MIPEHOCUM KOMIIIOTHP Ha MSCTO B OM30CT 10 oOcienBaHara Teputopus. Llenra Ha
eKCTIIPECHUS aHAJIN3 Ha JAHHWTE € JIa C€ OTKPHUAT MecTara ChC 3aMbpCsIBaHe, 3a Ja
ce IUIaHupa BTOPH TOJIET, U3TIOJI3BAIl IMHECH MM TOYKOB MOJEN Ha pasIpesiene-
HUE Ha 3aMBbPCSIBAHETO.
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@ur. 4. ['paduaHO onpesensHe HA pa3NpeeICHHETO Ha 3aMbPCIBAaHETO (a)
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Jlokaro HempeKbCHATUAT MOJIEN € HeOOXOANM 3a JIOKAIM3UpaHe Ha 3aMbpCsi-
BaHETO, TO TOYKOBHUAT U TUHEHHUAT MOJIET MOTaT Ja HU Ja/1aT M0-TOYHA TpeIcTaBa
3a aKTMBHOCTTA. B Hamms ciydaii 3a BTOpHS MOJIET € U30paH TOYKOB MOJIEN, TIPH-
JIOKEH B JIB€ TOYKH HAJI JIBE OTKPUTH 3amMbpcsiBanus. Ha dur. 4 ca nemoHcTpupanu
JIBA METOJa, U3IOJ3BaHU 33 €KCIIPECeH aHallu3 Ha 3aMbPCSIBAHETO MOCPEICTBOM
Microsoft Excel.

[Ipu BTOPHS MOJET € HEeOOXOANMO 3aBHCBaHE HAJ| IEHThpPA HA OTKPHUTOTO 3a-
MBpCSBaHE C e MO-TMPOIBIDKUTEITHO n3MepBane. [[pu TakoBa 3aBUCBaHEe UMa PUCK
BJIC na otBee 3ambpcsiBaHeTO, ¢ KoeTo Moxke nopu camoto BJIC na ce 3ambpcw,
3aTOBa C€ MPEAIOYUTA MO-TTPOIBIDKUTEITHO 3aBUCBAHE TP TI0-MaJIKaTa BUCOYMHA.
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Haxkpas ce n3pbpiiBa okoH4aTenHa 00padOTKa HAa JaHHUTE OT U3MEPBAHETO.
Cnen naGopaTopHUTE €KCIEPUMEHTH ICTEKTOPHATa CHUCTEMa € IIporpaMHupaHa Jia
3alUcBa JAHHUTE OT W3MEPBAHETO BbB (ailjioB (opMart, MOAXOAALL 3a ITUPEKTHO
pexBbpIIsiHe B porpamara ArcGis, IpeaocTaBeHa 3a LeJIUTe Ha eKCIIEPUMEHTa OT
¢upma ,,Tura Koncynt“. Ha ¢ur. 5 e npeacraBena kaprara, renepupana ¢ ArcGis
U ChABPXKALIA U3MEPEHNUTE CKOPOCTH Ha OpoeHe. Kaprara mo3BossiBa MHOXXECTBO
MaHMITYJIalM1 ¥ UHTEPIPETALUN Ha PE3YATaTUTE C LEJl I0-JIECEH AOCThI 0 HH-
(dhopmanmra.

Crnen nmbpBOHAYAIHUS MOJIET c€ HAOIIONAaBaT JBE [I€THA ChC 3aBHUILIEHO HUBO
Ha paanoakTuBHOCT (¢ur. 40). IIpu Bropus monet KOOpANHATHTE Ha TE3H METHA Ce
3ajaBar kaTo Touky Ha 3aBucBaHe Ha BJIC 3a onpeneneno Bpeme. [Ipensun mppBo-
HadajHaTta rpy0ba oneHka, Ha 6a3a Ha HEMPEeKbCHATHS MOJEN IPU TBPBOTO 00IH-
TaHe, € ONpeIeJIeHO BPeMEeTO Ha 3aBUCBaHe mpu BTopoTo obnutade — 100 s. Tosa e
10 mbTH HO-ABJITO BpEME Ha HHTETPUPAHE OT BPEMETO IPH HENPEKBbCHATUS MOJIEI,
KOETO HaMaJIsIBa HEONPEENCHOCTTa 3 IbTH. B KOHKpeTHHS cilydail aKTHBHOCTTA
Ha U3TOYHHULUTE O€ olpenesieHa TOYHO OnarofapeHue Ha peABapuTesIHaTa Kaju-
OpOBKa Ha CHCTEMATa B ChILATa FeOMETPUS U ChC ChluuTe N3TouHNuM. [Ipu peannu
3aMbpCsiBaHUs O cIIeBallo Aa ce cIa3Ba reoMeTpusATa Ha KaauOpHUpaHeTo, JOKOII-
KOTO € Bb3MOXHO, a TOYHOTO OIIPEENITHE HAa aKTHBHOCTTA HAa 3aMBbPCEHOTO IETHO
111 3aBUCH U OT TOBA, IAJIM 3aMbPCSIBAHETO € OT ChILIUTE PaIUOHYKIIUAN, KOUTO ca
W3I0JI3BaHU IIPU KaIMOpHUpaHeTo.
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5. U3BOJU U BBAELIA PABOTA

[TbpBOHAYATHUTE CPABHUTEHHU aHAU3U, CUMYJAlMK U IbPBH €KCIIEpUMEH-
TaJHU PE3YJITATH OT M3IIBIHEHUETO Ha HACTOSILMS HOB MPOEKT MOKa3axa, 4ye uMa
CEpUO3HHM OCHOBAHUS Jla Ce CYUTA, Ye AUCTAHIIMOHHATAa TraMa-KapTorpadus ¢ mo-
MOIITa Ha OE3MWIOTHHU JIETATEIIHH CUCTEMH (CaMOJIETH M KBAAPOKONTEPH) OCH-
rypsiBa HeoOXoAMMAaTa TOYHOCT M €(EeKTHBHOCT Ha MOJOOCH PO M3MEPBAaHUA U
MOXeE J]a 3aMEHH B HAKAKBB CMHUCHJI CKBIIO CTPYBAIIY HJIOTUPYEMHU H3MEPBAHHUS,
KOTaTo c€ ThPCST Obp3H, €BTUHHU U OTHOCUTEIIHO MO-TPyOH MbpBOHAYATHH PE3YIl-
TaTH, 0COOCHO Ha MECTa, KbAETO MOJOOHN EKCIIEPUMEHTH, U3IBIHEHU C y4acTHe
Ha X0pa, ca TPYIHO-OCHUIECTBUMHU (TYK HE C€ BH3HMpaT caMO ONACHM MecTa Ha
aBapuu 1 OEIICTBHS C PaIMOAKTUBHO 3aMbpCABaHe, a MO-CKOPO TPYAHO AOCTHIIHU
TEPEHU BbH U BbB BHTPEIIHOCTTA Ha CIPaJM U Ha JAJICYHU Pa3CTOSHUS OT U3MEp-
BaTeJIHH J1a00paTopuH).

Bbraemara paboTta Ha ekumna BKJIIOYBA MPOBEXKAAHE Ha CEpUsl OT IOJIEBU EKC-
nepuMeHTH ¢ paznuuau BJIC, ycpBbpiieHcTBaHe Ha ynpasieHueto Ha bBJIC ¢ oc-
HOBHA MHCHsI TaMa-KaprorpadupaHe, yChbBBPIICHCTBAHE Ha JICTATEHUs IUIAH U
oborarsiBaHe Ha MUCHATA Ype3 BKIIOYBAHE HA JOIMBIHUTEIHO ONTUYHO 3aCHEMaHe
Ha TEepPEeHa, TOYHO OMNpenesisiHe Ha OTHOCHTENHAaTa BUCOUMHA HAa MOJETa U APYru
MOAOOHN aePOKOCMHYECKH TEXHONOTHH. EXMITBT MMa HaMepeHHe J1a MPOABIDKHU pa-
0oTtara 1o To3M o0eraBa] MPoeKT.

Bbaarogapuocru. M3cnenBanusra ca NpoBEIEHM C YacTHYHaTa (UHAHCOBA
noanpwxka no Jorosop 80-10-82/2017 ¢ ®onx HU na CY
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KoMmOuHHpaHK anTUMETPUYHHU JaHHHU, 00paboTeHH n IucTpubyTHpaHu oT MopcKuTe yCIyry Ha
IMporpama KonepHuk, ca aHaIM3UpaHH C LE JIa Pa3KpHAT Ce30HHATa U3MEHYUBOCT Ha YepHOMOpcKara
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CULATION IN THE EASTERN BLACK SEA BASIN

The multi-mission altimeter data for Black Sea Level Anomaly, processed and distributed by
Copernicus Marine Environment Monitoring Service, are analyzed in order to reveal the seasonal
variability of the Black Sea mesoscale circulation. Winter and summer circulation show similar pat-
terns with opposite sign: cyclonic anomaly of the Rim current and Batumi eddy in winter and anti-
cyclonic — in summer. The transition between these two stages occurs in April-May and October-No-
vember. The Hovmoler diagram of the SLA shows evidence of seasonal signal propagation with
approximate speed ~ 1 cm/s.
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1. INTRODUCTION

The Black Sea is an inland basin with a surface area of about 4.2x10° km?
(zonal and meridional dimensions ~1000 km and ~400 km) and a maximum depth
0f 2210 m. It is almost completely surrounded by land but not totally isolated from
the neighbouring seas and the world oceans. The Bosphorus Strait is the connection
with the Marmara Sea (which is connected to the Aegean Sea through Dardanelles)
in the southwest. In the north, the Black sea is connected to the shallow Sea of Azov
through the Kerch Strait. The largest river discharges (about ~80% of the total river
runoff in the sea) are in the north-western part [1], where is the major shelf region.
The rest of the basin is much deeper.

The circulation of the Black Sea is characterized by a basin-wide cyclonic
boundary gyre known as Rim Current, which is formed by several factors: the
curl of the wind stress field and the fresh water discharges from rivers (buoyancy
forces), bathymetry and thermohaline fluxes [2]. Within this current, two or more
smaller cyclonic cells are formed as depicted in Fig. 1 [4]. They are usually referred
as eastern and western gyres. The Rim current is quasi-geostrophic as it engages the
surface and several hundred meters water column. In addition to the principal Rim
Current, the Black Sea circulation system contains many mesoscale eddies (see
Fig. 1), meanders and filaments spread over the basin. The Rim Current separates
the cyclonically dominated inner zone from the anticyclonically dominated coastal
area [2]. The Danube, Constanta, Kaliakra, Bosphorus, Sakarya, Sinop, Kizilir-
mak, Batumi, Sukhumi, Caucasus, Kerch, Crimea, Sevastopol eddies reside on the
coastal side of the Rim Current zone. They are quasistationary and quasiperiodical
structures. This means that they do not exist there for the whole time once they
were formed, but more properly they are regions of most probable formation or ex-
istence of an anticyclonic circulation. Actually the individual eddies travel slowly
along the Rim current.

L L L L L L L
28° 31° 34° 37° 40°

Fig. 1. Main features of the Black Sea circulation system [4]
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In the Northwestern shelf region of the Black Sea the prevailing circulation is
cyclonic with some anticyclonic gyres along the coast (the Danube eddy and the
eddies in the vicinities of Odessa, gulf of Kalamita and the Karkinit bay). There is
an exeption in cases of strong southern or southwestern winds; then the circulation
transforms in anticylonic [3].

In addition to the above-mentioned there are three prominent points of bifur-
cation of the Rim current and some areas of convergence. The bifurcations are:
(1) near the Bosphor Strait, (ii) southwestward of the Crimea peninsula, (iii) near
the entrance to the Kerch-Tamanian shelf. The most significant location of conver-
gence is in the vicinity of cape Kaliakra [3].

The upper layer circulation exhibits significant seasonal and interannual vari-
ability. The main driver is the atmospheric circulation variations. According to [3]
there are two basic 2D patterns of the atmospheric sea level pressure field: the for-
mer is observed for the winter-spring season and the latter for the summer-autumn.
In the cold part of the year, due to the positive temperature contrast between sea and
land, a low-pressure system is formed over the Black Sea. During the warm peri-
od an anticyclonic circulation is observed over western part of Black Sea, leading
to an eastward extension of the Azore maximum. Analysis of climatological data
of annual variations of mean wind stress curl over the Black Sea region reveals
cyclonic anomalies during the cold period and anticyclonic anomalies during the
warm months [14].

In winter months (January, February and March) the Rim Curent is strong and
narrow without any significant lateral variations. This is due to the stronger winter
winds. The inner cyclonic zone consists of two well developed gyres (Eastern and
Western ones). The stronger winter conditions the stronger the Rim Current. In sum-
mer (July, August, September) Rim Current weakens and diffuses. The two-gyres in-
ner pattern trasforms into one composite cyclonic cell. In early autumn (October) the
Rim Current becomes hardly noticeable and inner area is completely disintegrated
into small cyclonic cells. The reverse process of integration starts in the late autumn
(November, December) [4]. The mesoscale features like anticyclonic outer eddies
and meanders mostly exist late winter to the early autumn. For example the Batumi
gyre, one of the most persistent cells, forms in the early March and lives to the end
of October. The only exception of this rule is the Sukhumi gyre, which forms when
the Batumi eddy is over, and lives until it is formed again. Later it is absorbed by the
Batumi gyre [4]. The horizontal sizes of the largest well-developed anticyclonic gyres
are about 100-150 km; the vertical dimension is up to 1000 m [3].

Although the quasi-stationary mesoscale eddies have been a subject of inves-
tigation of many studies [2, 4-9] still lots of uncertainties exist about their evolu-
tion and propagation. This paper aims to investigate the formation and evolution
of the Batumi eddy during the year using satellite altimeter data. Similar approach
is used in [10].
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2. DATA USED IN THE STUDY

The present paper uses altimeter data reprocessed by Copernicus Marine En-
vironment Monitoring Service (CMEMS) downloaded from http://marine.coper-
nicus.eu. This product is processed by the SL-TAC multimission altimeter data
processing system. It processes data from all altimeter missions: Jason-3, HY-
2A, Saral/AltiKa, Cryosat-2, Jason-2, Jason-1, T/P, ENVISAT, GFO, ERS1/2. It
includes gridded sea surface height anomalies and derived geostrophic current
velocities anomalies. The anomalies have been taken with respect to the 20-year
means (1993-2012). The used data covers the period from January 1993 to Decem-
ber 2015. During this 23-year period there have been many missions (mentioned
above) and they all have been homogenized with respect to a reference mission
which is currently OSTM/Jason-2. The spatial resolution is 0.125°/ 0.125° (about
10 km) and the time resolution is daily. The maps are calculated with all the satel-
lites available (up to 4 satellites) for each date. The standart corrections have been
made and data have been filtered from small scale signals [11].

3. SEASONAL VARIATIONS OF THE SEA LEVEL HEIGHT ANOMALY

As we are interested in the horizontal variability, the first step is to exclude
the effect of the mean sea level variability. The latter is due to the contribution of
water fluxes (river discharges, evaporation, precipitation, strait fluxes) and steric
effects. According to [13] this type of variability is about 85% of the total variance
of the Black Sea level. The calculated area average daily sea level height anomaly
is given in Fig. 2. It reflects the tendency for increase in the last decade of 20" cen-
tury, followed by relative stability and periodic oscillations. The derived mean is
then substracted from actual SLA for each grid point. This correction is based on
assumption that the response of sea level to these volume fluxes is almost uniform
over the Black Sea area.

The daily maps of the SLA are averaged to obtain monthly mean horizontal
maps and seasonal averages. The seasons are considered as follows: winter — Janu-
ary, February and March; spring — April, May and June; summer — July, August and
September; and autumn — October, November and December.
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AREA MEAN SEA LEVEL ANOMALY [cm]
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Fig. 2. Daily area mean sea level height anomaly [cm] for the period 1993-2015

The monthly mean maps for SLA are shown in Fig. 3 for each month. They re-
veal a significant intensification of the cyclonic circulation in winter and weakening
during summer, this result is in accordance with the earlier studies findings. The an-
ticyclonic eddies gather strength during spring season, achieve maximum severity
in summer and later lose momentum. The most interesting feature in the eastern ba-
sin is the tripole structure with Batumi eddy in the easternmost end, which changes
the anomaly sign seasonally. During the cold part of the year (December to March)
Batumi eddy presents negative (cyclonic) anomaly; and in the warm part (June to
September) — positive (anticyclonic) anomaly. Furthermore, this is accompanied
with the alternating anomalies along the eastern Black Sea coast. In the transition
period (spring April-May) a slight positive anomaly replaces the negative one and
pushes it north-westward gaining momentum. The same process with the opposite
sign occurs in the other transition period (autumn October—November).

The Batumi eddy reveals the most prominent anual amplitude. Acording to [4]
the Batumi eddy is absent in winter months. Our analysis shows cyclonic anomaly
during winter, so the Batumi eddy (which is considered anticyclonic) almost dis-
appears. In this region we estimated SLA anual amplitude of 16 cm and the anticy-
clonic eddy is most pronounced in September.
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Fig. 3. Monthly mean sea level anomaly maps [cm] January to June, derived from averaged
altimeter data for the period 1993-2015
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Fig. 3. (continued) Monthly mean sea level anomaly maps [cm] July to December, derived from

averaged altimeter data for the period 1993-2015

The above described process is very well seen in the seasonal maps of the
geostrophic current anomaly (Fig. 4). The geostrophic velocity anomaly is derived
from the sea level height anomaly. The Rim current and the anticyclonic eddies
along the coast are easily distinguished. Winter and summer circulation show similar
patterns with opposite sign: cyclonic anomaly of the Rim current and Batumi eddy
in winter and anticyclonic — in summer. The transition between these two stages
begins with the appearance of small opposite-sign anomaly near Georgian coast,
which slowly pushes the main eddy north-westward, takes its place and grows. The
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meanders of the Rim current exibit a wave pattern which leads to the conclusion of
wave propagation and will be discussed in the next chapter. We have to note that
similar process (less intensive) could be observed in the Sevastopol eddy area in the
Western Black Sea basin.

Winter

Autumn

Fig. 4. Seasonal mean geostrophic velocity anomaly [cm/s] maps for the period 1993-2015

4. SEASONAL SIGNAL PROPAGATION ALONG THE EASTERN
BLACK SEA COAST

In order to track the possible wave propagation of the seasonal SLA signal
we have constructed a Hovmoller diagram of the monthly SLA fields along the
cross-section AB (Fig. 5). The line AB is drawn to cross the eastern basin passing
through the approximate centers of the tripole structure, extending from the Batumi
area to the Eastern Crimean region.

The Hovmoller diagram for the monthly SLA for the whole regarded period
1993-2015 along the cross-section AB is plotted in Fig. 6 (left). There is an evi-
dence of a propagating pattern from southeast to northwest. At most locations the
SLA changes alternatively the sign in time: positive anomaly in summer, negative —
in winter. This is especially pronounced in the easternmost part (40E—41E). The
right plot in Fig. 6 is a zoom over the period 2012-2015 in order to better visualize
the described above process. This allows us to approximately calculate the wave
propagation speed — in an order of 1 cm/s.
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Fig. 5. Seasonal mean SLA [cm] for spring and the chosen cross-section AB

In this paper our objective is to show what is observed in the eastern Black Sea
using altimeter data and not to search a theoretical explanation and quantification
of the process. There are previous studies of the Black Sea circulation based on nu-
merical simulations, which associate the alternating cyclonic and anticyclonic ed-
dies to Rossby waves and basin modes [reference 6, 7, 12]. Our future plans include
to further investigate the described above process in order to study the controlling
physical mechanisms.

5. CONCLUSIONS

The Black Sea circulation reveals seasonal and interannual variability which
have been studied for a long time. In winter months (January, February and March)
the Rim Curent is strong and narrow without any significant lateral variations, due
to the stronger winter winds. The mesoscale features like anticyclonic outer eddies
and meanders mostly exist late winter to the early autumn. Although the quasi-sta-
tionary mesoscale eddies have been a subject of investigation of many studies, still
lots of uncertainties exist about their evolution and propagation. In this paper we
investigate the formation and evolution of eddies in the eastern Black Sea basin
during the year using satellite altimeter data.

We use Copernicus Marine Environment Monitoring Service (CMEMS) multi-
mission altimeter data product, which combines data from Jason-3, HY-2A, Saral/Al-
tiKa, Cryosat-2, Jason-2, Jason-1, T/P, ENVISAT, GFO, ERS1/2. It includes gridded
sea surface height anomalies and derived geostrophic current velocities anomalies.
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Fig. 6. The left plot shows monthly SLA [cm] for the period 1993-2015 along the cross-section AB.
The right plot shows the same for the 4-year period 2012-2015 for better visibility

The anomalies have been taken with respect to the 20-year means (1993-2012). The
used data covers the period from January 1993 to December 2015 with spatial resolu-
tion 0f 0.125°/0.125° (about 10 km) and the time resolution is daily.

The first step of the analysis is to subtract the sea level signal associated with
the water fluxes and steric effect. This is done in order to focus on the spatial vari-
ations. Then the daily SLA maps are averaged to obtain the monthly and seasonal
mean maps.

The most interesting feature in the eastern basin is the tripole structure with
Batumi eddy in the easternmost end, which changes the anomaly sign seasonally.
Winter and summer circulation show similar patterns with opposite sign. During
the cold part of the year (December to March) Batumi eddy presents negative (cy-
clonic) anomaly; and in the warm part (June to September) — positive (anticyclonic)
anomaly. The transition between these two stages occurs in April-May and Octo-
ber-November: it begins with the appearance of small opposite-sign anomaly near
Georgian coast, which slowly pushes the main eddy north-westward, takes its place
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and grows. Similar process is observed in the Sevastopol eddy area in the Western
Black Sea basin.

We have analyzed the SLA along cross-section passing through the eastern
basin. The Hovmoler diagram shows evidence of a propagating seasonal signal in
the direction southeast-northwest with approximate speed of an order of 1 cm/s.

Previous studies based on numerical simulations associate such propagating
eddies to Rossby waves and basin oscillations. Future investigation is planned in
order to reveal the physical mechanism controlling the observed processes.
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Muna JIparomuposa, Cuexana Hopmanosa. HEOBUYAMTHO BUCOKO PA3ITPO-CTPA-
HEHUE HA HAPYUIEHMS B IBETHOTO 3PEHUE ITPU JEHA OT MAJI'BK BBHJITAP-
CKU TPAJ]

I[BeTHOTO BB3MPHATHE, KaTO €IHA OT BAKHHUTE XapaKTEPHCTHKU Ha 3PEHHETO, € U3CIIeN-
BaHO 10 BpeMe Ha CKpuUIHHUHT Ha 203 yueHUIM Ha Bb3pacT Mexay 6 u 18 ronnHu, )KuBeeny B
Camapesa 0anst. M3cieqBaneTo € mpoBeAeHO Ype3 MCEeBIOM30XPOMATHIHN KapTu Ha Mimmxapa,
tecT Ha Farnsworth D-15 u tect na Lanthony Desaturated D-15. C oren criectsiBaHe Ha Bpeme
TECTOBETE ca MpoBeAeHH OMHOKYIsApHO. Cropen kapTute Ha Mimmxapa usmexay 87 momdera
u 116 momuueta 9.2% u 4.31% CHOTBETHO MMAaT HACIEACTBEH I[BETOBU Achuiut. [lanute ot
cTaTHcTHYecKaTa 00paboTKa ca CpaBHEHH C APYTU MU3BECTHH OT eJHs CBAT. HuTo enuH ot u3-
CIIeIBAaHNTE YUCHHUIIM [T0-PAHO HE € N3CIIS/IBAH 3a BETHO BB3NPUATHE. VI3MEX Y TAX ca OTKPUTH
cjy4dau ¢ HpOGﬂeMI/I B IIBETHOTO BB3NPUATHEC, KOUTO HE Ca pa3noO3HaTH HUTO OT YUCHUKA, HUTO
OT POAUTEJISI, HUTO OT YUUTEISL.

Mila Dragomirova, Snejana lordanova. UNUSUAL PREVALENCE OF COLOR VISION
DEFECTS IN CHILDREN FROM A SMALL BULGARIAN TOWN

Color perception as one of the important attribute of vision is investigated during the
screening session of 203 school students between 6 and 18 years old, from a small town
Sapareva Banya. The examination was performed through Ishihara pseudoisochromatic plates,
Farnsworth D-15 test and Lanthony Desaturated D-15 test. In the interest of saving time during
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the screening the tests have been administered binocularly. According to Ishihara plates among
the 87 boys and 116 girls, 9.2% and 4.31% had a congenital color defect, respectively. The
statistically processed data from color vision tests have been compared with other known data
from all over the world.

All students have never been tested for color perception. Among them there were found
cases with lack of student, parental, and teacher recognition of presence of color perception
problems.

Keywords: anomalous color vision, pseudoisochromatic plates, arrangement test, Ishihara,
Farnsworth D-15, Lanthony Desaturated D-15, school students screening.
PACS numbers: 42.66.Ne

1. INTRODUCTION

Color vision, in particular in humans, is the ability to distinguish objects based
on the wavelengths of the light they reflect, emit, or transmit. The light level is also
important prerequisite to see the color. Normal human color vision, in daylight is
trichromatic, based on the presence of three spectrally-distinct types of cone photo-
receptors — red, green and blue. Their response to light in the retina depends on the
wavelength of peak absorption for the different cone pigments (i.e. 560, 530 and 420
nm). When there is an alteration or absence of one of the receptor photopigments
the person is characterized with a color vision deficiency (CVD). The latter could be
congenital/inherited CVD or acquired. The first type CVD is nonpatological, incur-
able and it does not change over time. The most common is the red-green deficiency,
which is inherited as an X-chromosome-linked recessive trait. Acquired color defi-
ciency accompanies another condition (e.g. disease, trauma) or it is caused by the side
effects of certain drugs, medications or exposure to chemical toxins. Acquired color
deficiencies are classified as red-green and blue-yellow [1].

The people with inherited CVDs are classified as anomalous trichromats, di-
chromats, and monochromats. The anomalous trichromat is a relatively mild form
of defective color vision. The terms protanomaly, deuteranomaly and tritanomaly
are given when there is a defect in red, green and blue pigments, respectively. The
dichromats base their color vision on only two pigments. The class of dichromats
characterized by entire absence of green cones, red cones or blue cones is called
deuteranopia, protanopia and tritanopia, respectively. Protanomaly and protanopia
are referred to protan CVD whereas deuteranomaly and deuteranopia to deutan
deficiency. Protan and deutan CVD are often described as red-green deficiency.
Tritanomaly and tritanopia are described as the tritan or blue-yellow CVDs.

The lack of systematic early age color vision examination in Bulgaria suggests a
large number of people affected by CVD to remain undetected as they simply adapt
to the environment to certain extent and also because of unawareness of the disorder.
Because of the role color coding plays in instructional materials used during the early
school years, the color-deficient student may find some tasks difficult and, as a con-
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sequence, may develop a dislike for school and learning. Which in turn hinders the
development of the pupil’s potential. The student color vision status is also important
when choosing a future profession. Currently, there is no treatment for congenital
CVD, however the sooner the color vision deficiency can be identified the sooner
accommodation can be made to help the child. Considering these aspects, there is
an increasing interest across the world [2—6] in view of identifying the prevalence of
color vision deficiencies in school children. The study aims to explore these deficien-
cies in school age children in the small Bulgarian town Sapareva Banya. During the
screening session in case of color vision deficiency the parents of the child were in-
formed so that it can be guided properly in his learning process as well as in choosing
and adjusting with the suitable profession.

2. METHODES AND MATERIALS

2.1. PARTICIPANTS

The screening session of school students from Sapareva Banya took place in
January 2017. A total of 203 students aged 6—18 years (both males and females) were
evaluated for congenital color vision deficiency. The students were selected by pur-
posive sampling method. Only these interested and intending to be evaluated were
enrolled in the present study. Investigation of visual acuity preceded color testing.

2.2. STIMULI AND PROCEDURE

The screening of all students was done by using Ishihara 38 Plates Edition as
according to instruction in the case of large scale examination the test was sim-
plified to an examination of six plates only (Ne 1, one of Ne 2—-5 one of the Ne 6-9
one of Ne 10—13 one of Ne 14—17 and one of Ne 18-21). In the assessment of color
appreciation by this short method involving 6 plates only if there was a discrepancy
in any of the recordings, a number of plates was used before diagnosing deficiency.
The plates were held about 75 cm from the child and tiled so that the plane of paper
is at right angle to the line of vision. Time allowed to each plate did not exceed 5
seconds. In the case of subject unable to read numerals, plates 18—24 are used and
the winding lines between the two X's are traced with a brush within ten seconds.
While the Ishihara's test is designed to assess color vision deficiency of congenital
origin the two other used tests Farnsworth D-15 and Lanthony Desaturated D-15,
which are arrangement test, in addition give opportunity to diagnose acquired color
vision deficiency. Manifestation of the latter is not expected in the studied group
but as it is known [6] the color perception in blue-yellow region is changing due
to both cognitive development and development of the color vision system. The
Farnsworth D-15 test is called "dichotomous" [7] because it was designed to sep-

171



arate subjects into one of two groups: 1) strongly/medium color deficient or 2)
mildly color deficient or color normal. The Lanthony D-15 test was designed also
to separate patients into one of two groups: 1) mild color deficient or 2) normal
color perception. The only difference between these items is the color saturation of
the discs. According to the identical administration needs of both arrangement tests
they were carried out on a black background to prevent surroundings from affecting
the color perception by the students.

The tests were conducted at a working distance (25-30 cm) in about 2 minutes.
The arrangement tests procedure stated with explanation of the task, according to
[1]: "Find a cap from here (indicate the random array of the 15 moveable caps) that
looks most like this cap (indicate the reference or pilot cap), and place it next to
the fixed cap in the tray. Then find the cap that looks most like the one you already
selected, and repeat this until you have placed all of the caps in the tray". Although
the researcher checked after instruction that the participant understood the task con-
dition the results of 5 from 150 and 3 of 94 examined students are removed from
the Farnsworth D15 and Lanthony D15 analysis, respectively, because they imply
poor task comprehension.

The tests administration was organized in a bright room without direct sun-
light. In the interest of saving time during the screening all color tests were admin-
istered binocularly. The students have been wearing their refractive correction in
case of proven need, and there was no tint in the glasses or contact lenses.

3. RESULTS AND DISCUSSION

In this study 203 students (boys 87, girls 116) are examined. The screening
session started with a questionnaire comprising the following information about
students: have they had some eye examination and do they have any prescribed
glasses. The initial study of students’ visual acuity divided them generally in two
groups (Fig. 1). The first one contains 124 students, who have never been to an eye
specialist. The results of the current screening showed that 91 of them (44.83%)
still do not need glasses, while the other 33 (16.26%) were asked to visit an eye
specialist for additional examination for prescription of glasses. The second group
includes 79 students, who have been to an eye examination. From them, 48 in num-
ber did not need eye correction, while the other 31 needed corrections and carry
glasses. The present visual acuity tests revealed that among the students who have
attended before an eye specialist, 12 (5.91%) students without glasses need a cor-
rection and 20 (9.85%) students with glasses needed a new correction.
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[ Previous: examined, no glasses prescribed. Current: no need of correction.
[ Previous: examined, no glasses prescribed. Current: need of correction.
I Previous: i glasses p i Current: no need of correction.
I Previous: examined, glasses prescribed. Current: need of new correction.

5.91% g5 429,

17.73%

[ Previous: not examined. Current: no need of correction.
[ Previous: not examined. Current: need of correction.

Fig. 1. Results from previous eye examinations of children from Sapareva Banya,
compared with the current screening

3.1. ISHIHARA TEST

The subsequent study of color vision of the students, by Ishihara test, revealed
that out of total 203 students, 13 (6.4%) were color deficient (Fig. 2a), according to
Ishihara test plates. From them, 8 are boys and the other 5 are girls. The statistical
treatment of gender-related outcomes (Fig. 2b) showed that among 87 boys and 116
girls, 8 (9.2%) and 5 (4.31%) were color deficient, respectively.

I boys normal CV I boys normal CV

[ girls normal CV [""1boys with CVDs

] boys with CVDs [ girls normal CV

54.68% [ girls with CVDs [girls with CVDs

5 / - \\
y ™)

\
\

2.46%
' 3.94%

a) 38.92% b)

Fig. 2. Distribution of girls and boys with normal color vision (CV) and with color vision
deficiency in (a) and gender-related percentages in (b)

According to the world statistic [8—10] about 8% of all men and about 0.5% of
all women are suffering from congenital CVD. The variability of the latter depends
also of the ethnic group. The higher prevalence in male population of CVDs provided
the information given in Figure 3. In-depth review of the literature, however, shows
that authors report for both higher male Asian (11.05%) [5] and female (0.83%) [4],
(2.42%) [5] CVDs. However, no data for such extremely high prevalence of CVD in
female population as this established in Sapareva Banya are reported.
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Black 1.4%

Asian 3.1%

Caucasian 5.6%

Fig. 3. Prevalence of color vision deficiency in boys, by ethnicity [4]

The distribution of number of students with normal color vision and with CVD
on age is shown in Figure 4a. Higher number of students with CVDs was established
in the most numerous age groups of the 8 year olds. The latter consisted of 3 boys
and 1 girl (Fig. 4b) with CVDs. In the groups of 9 and 10 year olds the number of
boys and girls with CVD was the same. According to world data for gender-related
prevalence of CVD the existence of age groups with only male representatives is not
surprising. This is not the case, however of the age groups (see Fig. 4b), 12 and 17
year olds with only female representatives with CVD. The most likely cause was that
in these groups the number of boys was 6 and 2 in 12 and 17 year olds, respectively.
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|| normal CV g B boys
30l I with CVD | | &) I girls
£ 4r E
o =
g 251 4 =
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-
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6 7 8 9 10 11 12 13 14 15 16 17 18 6 7 8 9 10 11 12 13 14 15 16 17 18
Age Age
a b

Fig. 4. Distribution of the students with normal color vision and with CVD on age in (a)
and gender-related number of students in (b)

3.2. FARNSWORTH D-15 TEST

Table 1. Comparison between Ishihara and Farnsworth D-15 tests for color vision
deficiency. Values are number of students

Color Test Pass Ishihara | Fail Ishihara Total
Pass D15 86 4 90
red-green 7 7 14
Fail D15 blue-yellow 23 0 41
undefined 16 2
Total 132 13 145
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The color vision of 145 students out of 203, surveyed with the Ishihara test,
was investigated in addition with the Farnsworth D-15 test. The results of both
color vision tests were summarized in Table 1. Out of all 13 students who failed
the Ishihara test, 7 failed also on Farnsworth D-15, but 4 successfully passed D-15
and another 2 have made mistakes on D-15 which did not allow determining accu-
rately the CVD. Illustrations of some of the students’ results with red-green CVD
according to Ishihara and Farnsworth D-15 tests are shown on Figure 5. Typical
distribution of caps arrangement of deutan (Fig. 5a) and protan (Fig. 5b) CVD was
established in two of boys examined. The result of D-15, shown on Fig. 5c, reveals
protanomalous CVD of a girl.

STANDART TEST STANDART TEST STANDART TEST

Fig. 5. Examples of Farnsworth D-15 test arrangements in the case of deutan (a),
protan (b), and protanomalous (¢c) CVD

Among those who passed successfully Ishihara test plates, 132 in number, 86
passed also D-15 but the other 46 failed on it. The distribution of CVDs between
them is shown on Figure 6. Another 7 (15.22%) students had red-green CVD, 23
(50%) — blue-yellow CVD (Fig. 7a) and 16 (34.78%) in number, have made mis-
takes on D-15 which did not allow determining accurately the CVD (Fig. 7b).

I blue-yellow
[_red-green

15.22% [ undefined

34,78%

50%

Fig. 6. Distribution of the students with color vision deficiencies who failed Farnsworth D-15 test
but passed successfully Ishihara test plates
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STANDART TEST STANDART TEST

b

Fig. 7. Examples of Farnsworth D-15 test arrangements in the case of blue (a),
and undefined (b) CVD

According to Ishihara test (Table 2) 8 boys were with red-green CVD, 4 of them
have shown results on D-15 that confirm this CVD, 1 was classified with undefined
CVD and another 3 — as such with normal color vision with respect to D-15. The
situation in girls was quite different. 5 girls were selected as such with red-green
CVD according to Ishihara, 3 of them also failed on D-15, 1 was classified with
undefined CVD and another girl passed without any problems D-15. The results of
D-15 showed, however, that among those girls who successfully passed Ishihara, 7
failed on it. So, according to Farnsworth D-15 test (Fig. 8) among 62 boys and 83
girls, 4 (6.45%) and 10 (12.05%) were with red-green color vision deficient, respec-
tively. The results of D-15 revealed an extremely high prevalence of red-green CVD
in the young female population in Sapareva Banya which even exceeded the world
male trend. Age distribution of red-green CVD in young male and female population
according to Farnsworth D-15 is given in Figure 9. The results revealed also that the
blue-yellow CVDs exceed those of red-green deficiencies. The distribution of the
students with those CVDs on age could be traced out in Table 3.

Table 2. Comparison between gender-related color vision deficiencies from Ishihara
and Farnsworth D-15 tests. Values are number of students

Boys Ishihara Girls Ishihara
Color Test Pasys Fail | Pass | Fail Total
Pass D15 0 3 0 1 4
red-green 0 4 7 3 14
Fail D15 blue-yellow 0 0 0 0 0
undefined 0 1 0 1 2
Total 8 12 20
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I normal I normal

—__lred-green [ lred-green
I blue-yellow I blue-yellow
61,29% _lundefined 62,65% undefined

) 645% )
12,05%
v

20,97% 13.25% 12,05%

11,20% b
Fig. 8. Distribution of boys (a) and girls (b) with normal color vision
and with color vision deficiency according to D-15
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Age

No of observers with red-green CVD
N

Fig. 9. Age distribution of the examined boys and girls with CVDs
according to Farnsworth D-15 test

Table 3. Distribution of color vision deficiencies on age ac-
cording to Farnsworth D-15 test

Age Red-green Blue-yellow Undefined
Boys Girls Boys Girls Boys Girls

7 1 - 1 - - -
8 - 2 5 3 2 2
9 1 1 4 1 - 2
10 1 2 1 2 3 2
11 - - - 1 1 1
12 - 1 1 - 1 -
13 1 1 1 - - 2
14 - - - 1 - 1
16 - 1 - - - -
17 - 2 - 2 - 1

Total 14 23 18

3.3. LANTHONY DESATURATED D-15 TEST

The color vision of 91 students out of 203, surveyed with the [shihara test, was
investigated also with the Lanthony Desaturated D-15 test. The results of both color
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vision tests are summarized in Table 4. Out of 5 students who failed the Ishihara
test, 2 failed also on Lanthony Desaturated (LD) D-15, 2 successfully passed LD

D-15 and another 1 made blue-yellow mistakes on LD D-15.

Table 4. Comparison between Ishihara and Lanthony Desaturated D-15
tests for color vision deficiency. Values are number of students

Color Test Pass Ishihara | Fail Ishihara | Total
Pass LD D15 42 2 44
red-green 4 2
Fail LD D15 blue-yellow 32 1 47
undefined 8 0
Total 86 5 91

Among those who passed successfully Ishihara test plates, 86 in number, 42
passed also LD D-15 but the other 44 failed on it. The distribution of CVDs between
them is shown on Figure 10. Another 4 (9.09%) students had red-green CVD, 32
(72.73%) — blue-yellow CVD and 8 (18.18%) in number, have made mistakes on
LD D-15 which did not allow determining accurately the CVD.

I blue-yellow
[ Jred-green
[ undefined

9.09%

18.18%
72.73%

Fig. 10. Distribution of the students with color vision deficiencies who failed Lanthony
Desaturated D-15 test but passed successfully Ishihara test plates

Table 5. Comparison between Farnsworth D-15 and Lanthony Desaturated D-15 tests
for color vision deficiency. Values are number of students

Fail D15
Color Test Pass D13 red-green | blue-yellow | undefined Total
Pass LD D15 22 1 1 0 24
red-green 0 6 0 0
Fail LD D15 | blue-yellow 20 0 3 5 42
undefined 5 0 2 1
Total 47 19 66
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The results of 66 students, to whom both arrangement tests Farnsworth D-15
and Lanthony Desaturated D-15 were performed, are summarized in Table 5. It is
important to note that from the 6 students diagnosed with red-green CVD accord-
ing to D-15 and LD D-15 only 2 of them failed on Ishihara. The other 4 students
were part of those (7 in number, see Table 2) which failed on D-15 and have been
checked with both arrangement tests. They were all girls. The confirmation of re-
sults from two independent color tests for more girls with red-green CVD than
those defined according to Ishihara test plates showed that the prevalence of red-
green CVD in young female population in Sapareva Banya is at least as much as
this indicated from Ishihara test. The results in Table 5 reveal that among those stu-
dents who passed successfully D-15 almost half of them have shown on LD D-15
the presence of milder blue-yellow CVD. This could be traced out and from the
results in Table 1 (D-15) and Table 4 (LD D-15), where 23(15.86%) students of 145
and 33(36.26%) students of 91, respectively, have shown blue-yellow CVDs. The
changes in blue-yellow perception on the one hand are associated with acquired
CVD due to some systematic or ocular disease, toxicity, or trauma on the other
hand are associated with the immature visual system of tested students which have
none of the reported symptoms. The trend in the development of the color vision
system suggests fewer students with stronger blue-yellow CVD compared to those
with milder CVD. This expectation is also confirmed by the research, 15.86% with
more pronounced CVD in blue-yellow region versus 36.26% with less pronounced
CVD in the same region. According to results from LD D-15 the blue-yellow CVDs
exceed those of red-green deficiencies. The distribution of the students with those
CVDs on age could be traced out in Table 6. The precise evaluation of CVD distri-
butions over ages needs additional statistical data.

Table 6. Distribution of color vision deficiencies on age according to Lanthony Desaturated D-15 test

Red-green Blue-yellow Undefined
Age Boys Girls Boys Girls Boys Girls
8 - - - 1 - -
9 - 1 - 1 1 -
10 - - - 2 - 1
11 - - 4 1 - 1
12 - 1 1 4 1 1
13 6 4 1 -
14 - - 3 1 -
16 - 1 - 2 - -
17 - 2 - 3 - 1
18 - - - 1 - -
Total 6 33 8
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Most of the students with established during the screening session CVD had not
previously recognized its presence. This is somewhat understandable as they were
born with it. It was surprising, however, that parents who accompanied their children
were really surprised to find out that their child had a color vision deficiency even if it
was from the strongest red-green type — deutan and protan (see Figs. 5a,b).

4. CONCLUSIONS

In the beginning of 2017, the first of its kind screening session of the color vision
of students from a small Bulgarian town was held. The color perception of 203 school
students between 618 years old was examined through three color tests: Ishihara
pseudoisochromatic plates, Farnsworth D-15 test and Lanthony Desaturated D-15
test. According to Ishihara plates among the 87 boys and 116 girls, 8 (9.2%) and
5 (4.31%) had a red-green color vision deficiency, respectively. The world statistic
reported about 8% of all men and about 0.5% of all women are suffering from con-
genital red-green color vision deficiency as the variability of the latter depends also
of the ethnic group. The established male percentage in the study correlated with the
well-known data, however the extremely high percentage in female population ex-
ceeded even the highest found (2.42%) in the literature [5]. According to Farnsworth
D-15 test among 62 boys and 83 girls, 4 (6.45%) and 10 (12.05%) were found to have
red-green color vision deficient, respectively. The results of D-15 for the girls’ prob-
lems in color perception even exceeded the world male trend. A part of the girls with
CVD established from D-15 girls was tested with the Lanthony Desaturated D-15 test
which confirmed the result of D-15. The studies done revealed that the prevalence of
the red-green color vision deficiency in female population in Sapareva Banya is not
lower than that established by the Ishihara test plates.

The observed high prevalence in the blue-yellow perception deficiency will
be subject of further study. At least partially it may be explained by the fact that at
school age the cognitive abilities and color vision system are still forming.
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CHUHATA CBETJIMHA B JIABEPHUTE TEXHOJIOT'MUA —
BBb3MOXHOCTU U ITPEAN3BUKATEJICTBA

HACKO I'OPYHCKH, MA S JKEKOBA

Jlabopamopus no nazepna mexuuka, Puzuyecku axyimem

Hacxo I'opyncku, Maa Kexosa. CHHATA CBETJIIMHA B JIASEPHUTE TEXHOJIOI'MU —
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HampaBeHo e cpaBHeHHE Ha BBE3IEHCTBUETO HA CHHATA M HH(pauepBeHaTa CBETIINHA BBPXY
pa3nu4yHu Marepuanu. TeopeTHuHO ca IMoJlyuyeHH TeMIlepaTypara Ha MOBbPXHOCTTAa U HEHHO-
TO U3MEHEHME B IbJI0OYMHATA HAa MaTepual, oOnbueH ¢ yazep. HarpsiBaHeTo B 30HaTa Ha Bb3-
JIeHCTBHE € U3MEPEHO C IOMOILTa Ha HH(pauepBeHa KaMepa.
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1. VBOJI

B ocHoBara Ha BCHUUYKHM CHBPEMEHHH Ja3epHU TEXHOJIOTHH € B3aUMOACUCTBU-
€TO Ha CBETJIMHATA C Pa3IMYHUTE BEIIECTBA. MexaHu3MuTe ca o0pe U3BECTHU —
MOTITbINaHE, OTPAXKCHHUE U NTpeMUHaBaHe. EQeKTUBHOCTTa Ha B3aUMOJICHCTBUE 3a-
BHCH KaKTO OT M3TOYHHUKA HA CBETNIMHA (J1a3ep), Taka M OT ONTHYHUTE MapaMeTpu
Ha cpenara. B 3aBUCHUMOCT OT ONTUYHUTE CH CBOMCTBA MaTepUaIuTe ce ACIAT Ha
MIPO3PaYHH, MOIYIPO3PAYHUA U HEMpO3pauHu. Meranure, KbM KOUTO C€ MpHiiarat
Hal-4eCTO JIa3epPHUTE TEXHOJIIOTHH, Ca HEMPO3pauHU 33 BUAMMATa CBETJIMHA, a BbJI-
HaTa Ce MOITbIla B MHOTO ThHBK MOBBPXHOCTEH CIIOH.

B o0mus ciydaii pa3npocTpaHEHUETO HA EICKTPOMArHUTHA BbIIHA MOXE Ja
Ce OIHMILIEe TEOPETUYHO Upe3 ypaBHeHUATa Ha Makcyen [1]. ONTHYHKUTE KOHCTAHTH
MOTarT Jia ce MOoJy4yaT OT KOMIUICKCHUS M3pa3 3a JUEIEKTPUYHATA MPOHUIAEMOCT.
OT uHXXEHEepHA IVIelHA TOYKA 3a MPECMATAHETO Ha Te3W KOHCTAHTH € J00pe Ja ce
M305TBa U3IMOJI3BAHETO HA CIOKHATA €JIEKTPOHHA Teopus. Vima Hyxia ot npubiu-
3UTEITHH (DOPMYJIH, KOUTO Jla CBBPKAT ONTHYHUTE MapaMeTpH ¢ J00pe W3BECTHU
napamMeTpu Ha Marepuaia, HalpuMep elIeKTpUuuHaTa mpoBoauMocT. [lormbiianero
Ha CBETJIMHATA MPH OOJ'bYBAaHE C Jla3ep Ha pa3jMyHU BEIIECTBA € M3CICABAHO B
[2—5]. Pesynrarure moka3Bar, 4e METaJUTE MODITBIIAT MHOTO TO-I00pe BBIHA C
IeoxuHa 500 nm, 0TKOJIKOTO Tasu ¢ Ab/pKkuHA 1064 nm, u ocobeno ¢ apipkuaa 10*
nm. [To-mo6poTo nonreiiane 61 A0BENO /10 O-0bP30 HApacTBaHE HA TeMIepaTypa-
Ta B MeTaJIa, KOETO OT CBOsS CTpaHa OW MO3BOIHIIO MO-e(heKTHBHA 00paboTKa.

JloCKkopo €TUHCTBEHUTE KOXEPEHTHH U3TOUYHMIIM B CHHATA YacT Ha CHEKTHpPa
0s1xa ra30BH JIa3epU — APrOHOBU, KPUNITOHOBU M EKCUMEPHU, MaKap Y€ MOCIETHNUTE
[I0-CKOPO TeHepUpar yATpaBUOJIETOBA CBETAUHA. EXCIIoaTausaTa Ha BCHUKU TE3U
M3TOYHHUIIM € CKbI1a. AJITepHAaTUBA Ha TE€3U JIa3epu OTHOCHO IbJDKMHATA HAa BhIHA-
Ta ca MoJIyIPOBOAHUKOBUTE JlazepH, Oazupanu Ha GaN, KOUTO TeHEepHpaT CBETIIMHA
C IbJKMHA Ha BbJIHATa OKOJIO 445 nm. TeXHOIOTrHYHUTE TPYIHOCTU OKOJIO TIPOU3-
BOJICTBOTO UM C€ MIPEOAOSABAT U T€ CTABAT BCE MO-JOCTHIIHU U HAJCKIHU.

B Hamero uzcnenBane Oerie U3Moia3BaH MOIYIIPOBOIHHUKOB JIa3ep, TeHEPHUpPAI
Ha 445 nm, KOHUTO € ChCTaBHA YacT OT rpaBUpAIlla CUCTEMA.

2. NU3CJIEABAHE HA OIITUYHOTO JIBYEHUE

W3cnenpanuTe XapakTepUCTUKU HA CHHUS J1a3ep, IMaIIy OTHOIIIEHNE KbM Bb3-
MOYXHUTE TEXHOJIOTUYHU MPUIIOKEHUS ca:

1. IpxkrHa Ha BhJIHATA Ha TeHeparus — 445 nm.

2. V3xomHa MOITHOCT — CTAa0MITHOCTTA HA Ta3W XapaKTepUCTHKA BEB BPEMETO
€ OT ChIIECTBEHO 3HAUEHUE 32 JIA3EpPHUTE TEXHOJIOTHH. IIpoMsiHaTa uiu city4aiiHu-
Te QIyKTyaluu Onxa HaMalWii e(eKTHBHOCTTA Ha BB3JICHCTBHE HA CBETIIMHATA
BbpPXY CHOTBETHHs Marepual. [Ipy m3MepBaHETO HA MOIHOCTTA HA W3IMOJI3BAHUS
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nazep Oelle YCTAaHOBEHO, Y€ Ta3W, KOATO GUTypUpa B TEXHUYECKUTE JTAHHU KaTo
MaKCHMaJIHa, CIIe/l BKJIIOYBAHETO Ha Jia3epa majia v Clie/l M3BECTHO BpEMe Ce CTa-
owmmsupa (¢ur. 1).
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®@ur. 1. VI3MeHeHNe Ha N3XOHATa MOLIHOCT BB BPEMETO

EdexThT Hail-BEpOsSTHO ce ABIDKK Ha JTUICAaTa Ha TOOpO oxJaxaaHe. Xapak-
TEPUCTUKHUTE HA MOJIYIIPOBOIHUKOBUTE JIA3€PH C€ MOAIBPIKAT OCTOSTHHU YPE3 0X-
JaKJIaHe C TeNTHEe-eJIEMEHTH, KOUTO €()eKTUBHO OTHEMAT TOILIMHATA OT CTPYKTY-
para. B ciydas nnoapT ce oxJiax/1a Bh3AYyITHO U H3MHHABA H3BECTHO BpEME, TIPEIH
TeMIieparypara My Jia ce CTaOuiIn3upa.

3. M?*-dpaxtop. OmnpesensHe Ha ONTHYHOTO KAueCTBO HA CHOMA, T. Hap. M*-
(hakTop, IMa OTHOIIEHUE KbM BB3MOXKHOCTTA 32 (POKyCHpaHe Ha JIa3epHUS CHOI
B IIETHO ¢ Haii-manku pasmepu. [JoOpoTo ¢okycrupaHe MOBHINIaBa Ka4eCTBOTO Ha
cpes3a mpH Ja3epHO ps3aHe, JaBa BR3MOXKHOCT 3a (hnHa oOpaboTka Ha 0OIbUBa-
HUS MaTepuall, HaMasiBa TEPMUYHOTO HaTOBapBaHE HA MaTepHalia OKOJIO 30HaTa
Ha oOmpuBaHe. EquH OT MeTonuTe 3a ompezelnsiHe Ha TO3W MapaMeThp BKIIOYBA
M3IIOJI3BAaHETO HA ChOMpareHa Jemla, ¢ YMATO TOMOII Ja3epHaTa CBeTINHA ce (o-
Kkycupa. Onpezens ce pa3MepbT Ha CHOIIA B MHO)KECTBO PaBHHHHU TIPEIU U CIEI
muiikara Ha cHoma. [loxm pasmep (mmamersp) ce pa3Oupa pa3CTOSHHUETO MEXIY
TOYKHTE, B KOUTO MOITHOCTTA (B ciydas) € 90 u 10% or MakcuMaHaTa MOITHOCT.
JlaHHWTE MO3BONSBAT Jla C€ HANpPaBH XUNEPOOTUYECH (PUT M OT MapaMeTpHuTe Ha
xunepbonara ce noiy4aBa M’-paktopsT. B ciaydas gokycHOTO pascrosHue € 8
cm, a I3MEPBaHU Ca HAIlpaBeHH B 5 paBHUHM. Cxemara Ha OIUTHATA IIOCTaHOBKA
€ TIoKa3aHa Ha (ur. 2.
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®@ur. 2. Cxema Ha eKCIIEPUMEHTAIHATA YCTAHOBKA 3a M3MepBaHe Ha M>-(hakTopa Ha M3CieABaHus
nazep: [ — cuH naszep, 2 — octpue, 3 — ©3MEpUTEN Ha MOIIHOCT; a, b, ¢, d, € — paBHUHH, B KOUTO €
HU3MepeH pa3MepbT Ha JIA3ePHUS CHOIL

JlazepHUAT CHOII, U3NU3aIl OT MOJIYIPOBOIHUKOBUS JIa3ep, UMa MPaBOBI'BIHO
CeueHHe, KOETO 03HaYaBa, 4e TO3U (haKTop I € pa3IudeH 1o J[BeTe ocu. Pesynra-
TUTE ca MMOKa3aHH Ha cieABamuTe a8e purypu (¢ur. 3, 4).
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@ur. 3. Pezynraru oT U3MepBaHUATA 10

Obp3ara oC U alpOKCUMAIHATA
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@ur. 4. Pesynraru oT U3MepBaHUATA 110
0aBHATa OC 1 aNpPOKCHMAIHsITa
nM ¢ xurepbona

CroiftHOCTUTE Ha TO3U (haKTOP HE Ca MAaJKH, HO BBIIPEKU TOBA CE BUXKJA, Ue
OKOJIO (poKyca pa3mepute Ha cHoma ca ~100 pm. [IpeauMcTBOTO HAa KbCaTa BhIIHA
e, 4ue npu (OKyCUpaHEe TUaMEThPBHT Ha CHOIA BhB (POKyca I1e Ob/ie OKOJIO 2 MbTH
MO-MaJTbK B CPaBHEHHE C TO3U Ha WH(paYepBeHaTa CBETINHA, (JOKYCHUpPaHa C Jiela

ChC CHIIOTO (POKYCHO Pa3CTOSHHE.
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3. YUCJIEHO IPECMSTAHE HA TEMITEPATYPATA Y HEMUHOTO
N3MEHEHMUE B JIBJIOYNHA 3A PA3JIMYHU METAJIN

[Ipu oOmbUBaHE HA TBHPJO TAJIO ChC CBETIIMHA YacT OT HEs CE TOMThIIA U Ce
MPEBPBINA B TOIUTHHA. Ta3u TOIUIMHA MOXKE JIa C€ Pa3IIek 1a KaT0 BTOPUYCH TOTUIH-
HEH M3TOYHUK, KOHUTO ONpEeIelis KaKTO pa3NpeIeIICHUETO Ha TEMIICPATyPHOTO IOJIe
B MaTepuaia, Taka 1 IUHAaMUKaTa Ha H'3MCHCHUETO Ha TeMIiepaTtypara. PemaBaneto
HAa 3aJlauaTa 3a HarpsiBaHETO M3MCKBA MO3HABAHE KAKTO HA ONTUYHUTE U TOTLTMHHHU-
TE CBOMCTBA Ha TeJaTa, Taka U Ha POCTPAHCTBEHOTO U BPEMEBOTO PA3MPE/ICICHHIE
Ha MHTCH3UTETA Ha JIa3epHOTO JIbucHUEe. B oOmms cirydaii 3a1auaTa HIMa aHaJIH-
TUYHO, & CaMO YHUCIICHO pelieHue. PasnpenencHuero Ha TemMreparypara B TSJIOTO
T=T (x,,zf) ce naBa c ypaBHCHUETO

10T _ A(x,y,z,t)

2
ver k ot K

b

KbaeTo A(x,y,z,f) € KOMIMYECTBO TOIUIMHA, OTACJCHA B eqUHUIA 00eM 3a eITUHMLA
BpeMe; k — KOe(UIUEeHT Ha TeMIIepaTyponpoBOJHOCT [m?%/s]; K — KoeHIIeHT Ha
torutonpooaHocT [W/m.K].

Meranure ca MMPOKO U3MOI3BAHU B PA3IMYHU O0JIACTH HA YOBELIKHS KUBOT,
CBOMCTBaTa UM ca 100pe NPOYUYEHH U B JIUTEpATypaTa JECHO MOTAT Jja C€ HaMepAT
JaHHY 32 ONTUYHUTE UM KOHCTaHTH. ETo 3a1110 YncieHnTe npecMaTaHus ca Harpa-
BEHHU CaMo 3a METalld U ce 0a3upaT Ha pe3ylTaTuTe, MoydeHu B [6, 7].

Ot 0cobeH HHTEepeC € N3MEHEHUETO Ha TeMIIepaTypara B TOUKaTa Ha 00J'bYBaHe.
ToBa n3meHeHue Oellle MPECMETHATO 3a €IHU U ChLIM MaTepHaX 110 Bb3IeHCTBIE-
TO Ha JIBE Pa3INYHU IbJKUHU Ha BbiIHATa — 445 nm u 1064 nm. ToBa ca IbJKUHUTE
Ha BBJIHUTE Ha CHHUS IMOJYIIPOBOIHHUKOB Jlazep M choTBeTHO Ha Nd:YAG nasep,
eIIMH OT Hall-4eCTO M3MO0JI3BAHUTE TEXHOJIOTUYHH HH(padepBeHH Ja3epH.

JlaHHUTE, KOMTO C€ U3IMOJ3BAT IIPU YUCIICHOTO peIIaBaHe ca:

— MoIIHOCT Ha nazepa — 0.8 W;

— JUaMeThp Ha cHoma BbB (oKyca (3a OIPOCTABaHE Ha 3a7adaTa IpueMame,
4e MeTHOTO BB oKyca uma Kpbria ¢popma) — 100 pm;

— BpeMme Ha o0JrbuBaHe — J1a3epbT paboTu B HENPEKBCHAT PEXUM U BPEMETO,
3a KOETO ce 00JI'bYBa MaTEePUaIBT, IONAlall BbB (DOKAIHOTO IIETHO, CE OIIPEIes OT
CKOpPOCTTa, C KOSITO ce ABMXKH Jasepa. Bpemero ce ompenesns, KaTo ANaMEThPBT Ha
CHOIIA C€ Pa3[esil Ha CKOPOCTTa Ha JBMkeHHe. CKOpOCTTa MOXeE Jja c€ IPOMEHSI B
rpanurmre ot 0.0167 mo 1.67 cm/s. Bpemenara, KouTo OTTOBapsT Ha CKOPOCTH Ha
nekenne 0.0167 cm/s, 0.833 cm/s u 1.67 cm/s, ca mageHu B Ta0i. 1.
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Taonauua 1. Bpemena Ha 00pYBaHe MPH PA3IMYHA CKOPOCTH
Ha JIBIDKEHUE Ha JIa3ePHUS U3TOUHHUK

Ckopoct [cm/s] Bpewme [s]
0.0167 0.6
0.833 0.012
1.67 0.006

Bps3kara Mmexay Temrmeparypara 1 BpeMeTo Ha O0IbUBaHEe MMa BUA

2P, |kt
r'= 12K |13
0

P e norsanarara MOIHOCT OT BewecTBoTO; P = (1 — R)P, kbaeto P e usxoz-
HaTa MOIIHOCT Ha Jiazepa, a R € Koe(pUIMEeHTHT Ha OTPaKEHUE Ha BEIIECTBOTO 32
ChOTBETHATA IbJDKUHA HA BbIHArTa. [Ipu T3 NMOMyCcKaHWs U OTpaHUYCHUS Oele
MPOCIIEICHO U3MEHEHUETO Ha TeMIIeparypara B TOUKara Ha oO'buBaHe 3a JIBa Me-
Taja: alyMUHHUHA U Mea, Ipu o0irbuBaHe cbe cHHs (445 nm) 1 uH(ppadepBeHa CBeT-
nuHa (1064 nm). JlanaUTE 32 CHOTBETHUTE KOHCTAHTU Ca B3ETH OT JIUTEpaTypara.
Pesynrarute 3a amymuHuii 3a mokaszanu Ha ¢ur. Sa, 0, a 3a MenTa — Ha Qur. 6a, 0.

200, 200y T
T 150F . 150r 1
5 g
- =
g 100 . 2’ 100 T
2 s
z & A=445nm
= =}
501 - E 50 -
2=1064nm
0 1 0 ]
0.01 0.1 1 0.01 0.1 1
BpeMe Ha obrbuBae [s] BpeMe Ha oGibuBaHe [s)]
a 0

@ur. 5. VI3MeHeHre Ha TeMIeparypara B 30Hara Ha 00JIbYBaHe 32 lyMUHHUI IpH:
a) A=1064 nm, 6) A =445 nm
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a 0

@ur. 6. I3MeHeHne Ha TeMIeparypara B 30HaTa Ha o0Jb4BaHe 3a MEJ IIpH:
a) A =1064 nm, 6) A =445 nm

JlBara MeTasia HOKa3BaT 3HAYUTEITHO M0-100p0 MONIBIIAHE HA CHHATA CBETIIH-
Ha, KOETO BOJIHM JI0 MIO-BHCOKA TEMIIEpaTypa [P €IHO U ChIIO BpeMe Ha 00IbYBaHe.
Moxe na ce odakBa, 4e 00paboTKara Ha METaJIH ChC CBETIIMHA OT CHHATA 4acT Ha
CIIEKTBpA I1Ie € M0-e()eKTUBHA OT Ta3M ¢ HH(PpadepBeHa CBETINHA.

OT ChIIECTBEHO 3HAYCHHE 32 PAKTHUKATa € ¥ M3MEHEHHETO Ha TeMIleparypa-
Ta B ABbJI0OOYMHA HAa 00paboTBaHus neTailyl. B To3u cityyail OTHOBO ce M3ION3Ba
YPaBHEHHETO 3a TOILIONPOBOIHOCT ChC CHOTBETHUTE JIOITYCKAHHS M ONPOCTSBALIH
npennoiiokeHus. B ciydail Ha MOBBPXHUHEH M3TOYHHUK, NONyOe3KpaifHa cpena u
pPaBHOMEPHO pasIpe/eiieHue Ha MHTEH3UTETa B paBHIHATA Ha MaJlaHe TeMIIepaTy-
para 7 Ha ornpezienieHa IbJI004MHA Z Ce HAMUPA Ype3 MHTETPUPAHE [0 BPEMETO upe3
¢dopmynara:

2
T(zt) = %\/Efoﬂ—\/a?exp (ﬁ)dt.

WuTterpupaneTo 1Mo BpeMeTo € HalpaBeHo 3a IB€ BpeMeHa, KOUTO OTTOBapsT Ha
ckopoctr Ha apwkerne 0.0167 cm/s m 0.833 cm/s. [Ipuexme, ue pa3npenencHHETo
Ha MHTEH3UTETa BbB BPEMETO € TIPABOBI'BIIHO, T.€. MAAAIIUAT HHTEH3UTET € KOHIIeH-
TpHpaH B TOYKATA, HaJ[ KOATO C€ HaMHUpa Jla3epa, a Ciie Karo TOoH ce MPeMeCTH, CBeT-
JIMHA B Ta3W To4Ka HAMA. [IpecMsaTaHmsITa OTHOBO Ca HAIIPaBeHH 3a JIBE TBJDKHHHU Ha
BBJIHUTE, NcOenmnHa Ha Matepraia z = 0.1 cm 1 1Ba MeTaia — alyMHUHIHA U ME]T.

[Tomygyenure pesynraru (anymunuii — ¢ur. 7a,0; mex — ¢ur. 8a,0) OTHOBO T10-
Ka3Bar, 4e CHHATA CBETIMHA CE MOTITBINA Mo-ePEeKTHBHO OT WH(ppadepBeHara. Paz-
JUKaTa € 0COOEHO ToIsIMa IPU MEJTa, KOSATO UMa MHOTO TOJISIM KOe(HUITUEHT Ha OT-
paxkeHue 3a BbJTHATa ¢ IbpkuHA 1064 nm. [IpakTukara qoka3sa 1031 GakT — Jasep-
HOTO psI3aHE Ha MEIIHU JIETAlIN N3UCKBA CEPHO3HA MOIIIHOCT OT MH(pauepBEHNUTE
nazepu. ToBa e HAIOKUTEITHO, 32 J]a Ce Harpee MaTepruarbT U 1a HaMajiee HETOBHSIT

187



koeduueHT Ha otpaxenue. To3n eeKT e XapakTepeH 3a METAINTE — HaMaJlsIBaHe

Ha OTPAXXCHUETO C MMOBUIIIaBAHC HAa TEMIIEpATypara.

Temnepatypa T °C

15 T T T T 150, T T T T
1207 — 20— =065
Q 6 Q
t=0. &
s 90:\5- g 90f i .
_2'- 3 A= 445nm
é‘ 60l A= 1064nm ] ?Ec,- 60 -
= - - 30+ = 5 -
30 t=0.012s S =0.012s
0 1T o [ REEEEE 0 1 1 | it
0 0.02 0.04 0.06 0.08 0.1 0 002 004 006 008

AbabounHa z [em]

a

ababounHa z [cm]

6

@ur. 7. I3MeHeHne Ha TeMIieparypara B Ib1004HHA 32 alyMUHU# IIpK 00IbYBaHE C:
a) L= 1064 nm, 6) A =445 nm

30 T T T T 500, T T T T
241 t=0.6s . Q 400k t=0.6s .
~ |
T g 300 -
a g 7| a=4450m
12F 2=1064nm . = 20 .
6 t=0.012s - 100 t=0.012s -
----..l ______ e [ P 0 | | 'I“"‘--I ------
G() 0.02 004 006 008 0.1 0 0.02 0.04 0.06 0.08 0.1
AbaGounna z [em] abaGounna z [cm]
a 6

®@ur. 8. I3meHenue Ha TemnepaTypara B IbJI00YMHA 32 M/l IIPH 0OIbUBaHE C:
a) A=1064 nm, 6) A =445 nm

Yucenn mpeMsTaHus HAa TeMIleparypara Ha MOBBPXHOCTTa M B JBJIOOYHMHA
3a HEMETAITHUTE MaTepualH, B ciay4as — JbPBO U r'yMa, HE ca HalpaBeHH MMOpajan
HEIOCTaTHYHUTE JAHHU B IUTEpaTypata. JIaHHU 3a KOePUIIMEHTUTE Ha TOTLIO-TIPO-
BOJHOCT ¥ TEMIIEPATypPONPOBOJHOCT MOTAT Ja ObJaT OTKPHUTH, HO JIUTICBAT BCS-
KaKBH TaKWBa 3a KOCQHIMEHTUTE HA OTPaKEHHE 32 W3MOI3BAHUTE JBIDKMHU Ha
BbJIHHUTE. JIONBIHUTENHO 3aTPyJHEHUE € (PaKThT, Ue U JIBaTa MaTepuala ca TBbp/ie
Pa3sHOOOpas3HM U ¢ PA3NHYHN (PHU3UIHHA CBOHCTBA.
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4. EKCIIEPUMEHTAJIHU PE3VIITATU

[Ipu excnepumenTa 0sxa M3MON3BAaHM /IBA Ja3epa — CUH MOJTYIPOBOIHUKOB U
auonno HarnomnBad Nd:YVO,. CunusaT nonynpoBoaHukoB nasep € moaea ELO1-
2.5W na pupmara EleksMaker, a unpauepsenust e taboparopeH npororur. Lemn-
Ta € /1a c€ OLIEHU U CPABHM BB3JICHCTBUETO Ha ABETE IBIKMHHU Ha BBJIHATA BbPXY
Pa3InYHU MaTepUald — METald U HeMeTand. MakcuMaliHata MOITHOCT Ha CHHUS
nazep e 2.45 W, a Ha apyrus nazep — okono 1 W. M3mepBanusita 6sxa npoBeaeHn
NpY €AHa U chla u3xoaHa MomHocT — 0.8 W. MomHocTTa Ha cuHus nasep Oere
penyuupaHa upe3 oTpaxkaTeJIHi 1 abcopOLuuoHHu GuaTpu. J[Bara nasepa paboTAT B
HETPEKbCHAT pekuM. bsixa o0nbueHn anyMUHUEBa U MeIHA TJIaCTUHA, TyMa U Abp-
B0. Bpemenara Ha o6npuBane ca 5 s u 10 s. Temneparypara B 30HaTa Ha 00JTbYBaHe
e peructpupana upe3 nappauepsena kamepa FLIR i3 ¢ mapametpu :

— 4YyBCTBUTENHOCT KbM ToIuMHA — < 0.15 °C;

— paOoreH cnekrpaseH auana3os — (7.5 + 13) pum;

— o0OxBar Ha u3MepBaHa Temmeparypa: ot —20 °C no + 270 °C;

— To4HocT: +£2 °C.

Peructpupanute MakcuMaliHi TEMIIEPATYPHU ca JajeHH B Tal. 2.

Ta0smua 2. I3mMepenu TemiiepaTypy B 30HaTa Ha Bb3/eiicTBue

445 nm 1064 nm
Marepuan
5s 10s 5s 10s
Al 21.5°C 21.9°C 25.9°C 27.4°C
Cu craiina °C 22.6 °C 25.6°C 25.9°C
JspBO 270 °C 238 °C 36.7 °C 53.3°C
I'yma 150 °C 138 °C 77.9 °C 133 °C

Temneparypara B ctasta ¢ nHpauepBeHus jazep Oeme 25 °C, a B Ta3u CbeC
cunug — 20 °C. JlaHHUTE MOKa3Bart, ye Mo NeUCTBUETO HA CUHATA CBETIMHA, TEM-
neparypara Ha HEeMETaJIUTe JOCTUra MHOTO ITO-TOJIE€MH CTOMHOCTH, OTKOJIKOTO IpU
nH(ppadepBeHara. [lormpimaneTo e MHOTO Mo-cuiaHO mpu 445 nm. Bukna ce, ue
C yBeIM4YaBaHE BPEMETO Ha OONbUBaHE MAaKCHMaJHATA TeMIIeparypa B 30HaTa Ha
BB3JICHCTBUE MpU HEMeTaluTe Hamansapa. [lpennonarame, ye ToBa ce OBJKU HA
OBBIJICHUS TOPEH CJIOU, KOUTO 3al0uBa Ja OTpa3siBa 4yacT OT JHYCHHUETO U IIPEYu Ha
HapacTBaHE Ha TeMIlepaTypara. B moTBbpxkIeHUe Ha TOBA € (PAKTHT, Ye IPHU MaKCH-
MaJIHa MOIITHOCT CHHUSAT Jla3ep yCIIsiBa J]a CPEXKeE JIUCT XapTus (3a MPUHTEP), HO HE
MOXe Ja pexe 1o-aedenu nucta. [I[podieMbT Moxke OU IIie ce OTCTPaHH, aKo CPe3bT
ce 00myxBa ¢ ra3, KOWTO Ja MpeMaxBa OBbIJICHHS CIION.
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[Ipu mMeTanure ce HabmONaBa pa3MUHABAHE MEXIY TEOPETUYHO MPECMETHA-
TaTa TeMIeparypa B TOUYKaTa Ha Bb3JICHCTBHE U Ta3H, H3MepeHa C TepMOKaMepara
npu ekcriepuMenTa. [IpranHuTe criopen Hac ca CleqHuTe:

— Pa3nuka Mexy neficTBUTETHHAS pa3Mep Ha CHOMA BbB (POKyCa M MIPUETHUS OT
Hac Bb3 OCHOBA Ha Xunepoomnaaus Gut pasmep (dur. 3, 4). C menr onpocTsIBaHe HA
MpecMsATaHUATa IPUEXME, Y€ METHOTO € KpbIio ¢ auameTbp 100 um. B aeiictBu-
TEJTHOCT TO CH OCTaBa C MPaBOBI'BIHO CEUCHHUE, IJIONITA € TOIIMa U IUTBTHOCTTA Ha
EHeprusiTa HaMaJsABa, CbOTBETHO M JOCTUTHATATa TEMIIEpaTypa ChI0 HaMaJIiBa.

— Bpemenara, 3a kouto ce 001bpYBa MaTepHaNbT (IEHCTBUTEIHHN) MPU 0Opa-
0oTkara My, ca mocodeHu B Ta0i. 1. Te ca mo-manku oT 1 s ¥ 32 eKCIIEPUMEHTATO-
PBT € HEBB3MOXKHO 32 TOBA BpEME J1a BKITFOUYH W U3KITIOUH J1a3epa U J1a OTYETE TeM-
neparypara. Heo6xonnmMo e JOITBJIHUTENHO 000pyABaHe, KOETO HE € HATNYHO KbM
MOMEHTa. 3aToBa BpeMeHaTa Ha oOrpuBane ca n3bpanu 5 s u 10 s. Ilpu Tx edekr
OKa3Ba ¥ TOIUIONPOBOAHOCTTA HA METAJINTE, KOSATO 32 A TyMUHHI U Ml HE € MaJIKa,
a TOBa BOJIM JI0 pa3ceiiBaHe Ha TOILIMHATA M TeMIIepaTypara maja.

ExcniepumeHTamHUTE JaHHN HE IMOKa3BaT ChIIECTBEHA pa3JIfKa U 3a JIBaTa Me-
TaJla ¥ He MOXeE Ja ce Kake KOsl AbJDKUHA ce MonThia mo-noope. EdexTst Om ce
MPOSIBUJI NIPU JIOCTAThYHO TOJIsiMa MOIIHOCT Ha cuHus jasep — 100 W. Tazu cToii-
HOCT ¢ NMPHUOTM3HUTETHA — WHPPAYSPBEHHUTE JTa3epy C MOJ00HA MOIIHOCT pexar
Metanu. [loBumaBaHeTo Ha MOITHOCTTA HA JIa3epHUTE U3TOUYHUIH, TeHEPUPAIITH B
CHHSTA 9acT Ha CIIEKThPa, OU TIO3BOIMJIO J1a CE U3IT0JI3Ba MMPEANMCTBOTO Ha CHHSATA
cBeTIMHA (TIO-CHITHO TOTITBINaHe) mpu 00paboTkaTa Ha METaIHNTE, KOWTO ca Hai-
gecT 00SKT Ha JIa3epHHUTE TEXHOIOTHH. HarpaBeHu ca CTBHIIKH B Ta3| Mmocoka [8].

Ha ¢ur. 9 (A=1064 nm) u ¢ur.10 (A=445 nm) ca moKa3aHu pe3yJaTaTUTE OT
M3MEpBaHe Ha TeMIleparypara ¢ HH(pauepBeHaTa KaMepa 3a €IHO U ChII0 BpeMe
3a IBPBO.

®ur. 9. Temneparypa npu oOTp4BaHE ¢ ®@ur. 10. Temnepatypa npu o0b4BaHEe
uH(pauyepBeHa CBETIINHA CbC CHHS CBETJINHA
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4. BAKJIIOYEHUE

TCOpeTI/I‘IHHTe U CKCIICPUMCHTAJIIHUTC PE3YJITATHU MTOKA3BAT SACHO MPEAUMCTBA-
Ta Ha CUHATA NPCa I/IH(I)paqepBeHaTa CBCTIIMHA. HpI/I CCTallHUTC HHMBA Ha U3XO0aHa
MOIIIHOCT 1 PCKUM Ha pa60Ta (HCHpeK’BCHaT) CHUHUTC JIa3€pu Ouxa UMau mpuiIo-
JKCHUA B JIA3CPHUTE TCXHOJIOTMH, KOUTO HE Ca CBbpP3aHU C HpO6I/IBaH€ " psA3aHC,
M TO Ha HemeTanu. IloBuinaBaHeTo Ha n3XoAHaTa MOIIHOCT U pPCAJIM3UPAHCTO Ha
HUMITYJICCH PCKUM Ouxa pasmmrpuiIn 00J1aCTTa Ha TAXHOTO MMPUIIOKCHUC.

Baaronapnoctu. Hacrosmmero u3cnenBane € oChIIECTBEHO ¢ (pMHAHCHpaHe
ot ®HU na Coduiickus yHUBEPCHUTET U ChC CHICHCTBUETO Ha Karenpa ,,KBanToBa
€JIEKTPOHHUKA .
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topusi (HAO) Poxxen. HabmonaBanara npomsiHa B MO3UIMOHHUS BI'bJI (P.A.) OTrOBapsi Ha Bbp-
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‘We present the results of a photopolarimetrical study of the blazar OJ287 in the period November
2012—-January 2015. Observations were conducted using the Focal Reductor FoReRo-2 of the 2-meter
RCC telescope of the National Astronomical Observatory (NAO) — Rozhen. The observed change
of the position angle (P.A4.) corresponds to mean rotation of the plane of polarization of 6.23 £0.05
deg/day, in good agreement with previous measurements. An indication of a correlation between the
change of brightness in R-band and the change in the degree of polarization is also observed.

Keywords: techniques: polarimetric; galaxies: active; BL Lacertae objects: general; BL Lacer-
tae objects: individual: OJ287; galaxies: nuclei; quasars: general
PACS numbers: 98.54.Cm

1. INTRODUCTION

Blazars are amongst the most variable and energetic objects in the universe.
They are a type of active galactic nuclei (AGN), powered by matter, falling on a
supermassive black hole in the center of a large galaxy.

0J287is a BL Lac type AGN at z=0.306. It is one of the most widely observed
and well-studied objects of this type. Observational data dates back to 1890 and the
analysis give a confirmed period of outbursts at intervals of roughly every 11 years
[1]. The most prominent theoretical model for OJ287 is the one of a binary black
hole (BBH) system in which the smaller black hole crosses the accretion disk of
the larger one [2].

0J287 exhibits some characteristics, which are common for all blazars of such
type. However, the periodicity of its outbursts is an unusual behavior [3]. Even the
best current models fail to predict some of the outbursts that are observed and polar-
ization behavior might be the key to determine which models work better. The obser-
vations of OJ287 show linear polarization at multiple wavelengths [4]. According to
polarimetrical studies, significant wavelength dependence in the degree of polariza-
tion is also observed [5]. Observations in the optical and radio- wavelengths indicate
strong variability in the degree of polarization (P) and position angle (P.A4.) [6].

2. OBSERVATIONS

This study presents our original polarimetrical and photometrical observations
of 0OJ287 blazar-type AGN. We gathered and analyzed data from the nights of 17-18
Nov 2012, 13 Jan 2013, 04-05 Apr 2013, 30-31 Mar 2013, 19-21 Oct 2014, 17 Nov
2014, 13—14 Jan 2015. The observations were conducted with the 2-m RCC telescope
at the National Astronomical Observatory Rozhen, Bulgaria, equipped with the fo-
cal reducer FoReRo2 [7]. The observation data for November 2012 through January
2015 is given in Table 1. Please note, that part of the data in the period November
2012—April 2013 was published in [13] and [14], but the data from 2014-2015 is
published here for the first time.

For the observations we use a color splitter that transmits redder than 5800 A
light into the red channel and reflects bluer than 5100 A into the blue channel of the
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reducer. We used an optical element with two combined Wollaston prisms that form
a single polarizer. The PA. of the prism differ by 45 deg, so we get four polarized
beams with orientations at 0, 45, 90 and 135 deg each [13].With this setup and by
using the Stokes equations [8], we perform the polarization determinations. Descrip-
tion of the method of measurements and the calculations can be found in [9] and [13].

Table 1. OJ287 observational data for 2012 November—2015 January

JD at midnight  Images Exposure [s] Total inte- Total integration time [s]

Object —2456700 [d] gration time
[s]

HD 10476 494 30 0.2 6 6
HD 14433 494 30 0.5 15 15
0J287 49.5 30 60 1800 1800
0J287 49.5 30 60 1800 1800
0J287 49.6 30 60 1800 1800
0J287 49.6 30 60 1800 1800
0J287 49.6 30 60 1800 1800
0J287 49.6 20 60 1200 1200
0J287 50.5 10 60 600 600
0J287 50.5 10 60 600 600
0J287 50.5 10 60 600 600
HD 90508 106.4 10 3 30 30
HD 90508 106.5 10 1 10 10
HD 43384 106.5 10 1 10 10
0J287 106.4 10 300 3000 3000
0J287 106.5 10 300 3000 3000
HD 144287 187.5 5 0.5 2.5 2.5
HD 144287 188.4 5 0.5 2.5 2.5
HD 154445 187.5 5 0.1 0.5 0.5
HD 154445 188.5 5 0.2 1 1
0J287 187.5 3 300 900 900
0J287 188.4 15 300 4500 4500
HD 43384 546.5 5 0.1 0.5 0.5
HD144287 546.5 5 0.2 1.0 1.0
0J287 546.5 5 120.0 600.0 600.0
0287 547.5 25 150.0 3750.0 3750.0
HD 23512 749.5 10 0.5 5.0 5.0
HD 65583 749.5 10 0.2 2.0 2.0
0J287 749.5 10 200.0 2000.0 2000.0
0287 750.5 10 200.0 2000.0 2000.0
HD 23512 778.5 10 0.2 2.0 2.0
HD 65583 778.5 10 0.2 2.0 2.0
01287 778.5 5 300.0 1500.0 1500.0
HD 23512 835.5 20 0.5 10.0 10.0
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HD 65583 835.5 20 0.1 2.0 2.0

0287 835.5 30 100.0 3000.0 3000.0
0287 836.5 20 80.0 1600.0 1600.0
0J287 836.5 10 100.0 1000.0 1000.0

3. DATA REDUCTION

Polarization can be determined using the Stokes parameters /, O, U and V.
They fully describe the state of polarization of an arbitrary electromagnetic wave
[10]. A complete derivation of these parameters, as well as guides and methods for
measuring them, are given in [8], chapters 1.6 and 1.7.

The method for measurement of the Stokes parameters is given by [9]. This
method requires the usage of standard stars whose P.A. and polarization, are well
known. Furthermore, it requires that some stars are with low P, and some — with
high P. In this article, we have used the low-polarization standard stars HD 144287
and HD 65583, and the high-polarization standards HD 43384 and HD 23512.

All images have been reduced using the software package IRAF (Image Reduc-
tion and Analysis Facility, [11]). The photometric measurements have been reduced
using the widely-known and accepted procedure: correction for noise (thermal and
other), “flat field” correction, and median combination of the resulting images. The
method, its purpose, application, advantages and drawbacks, are described broadly
in many articles, e.g. [12].

Each of the combined images is then subjected to aperture photometry with
aperture radius approximately equal to the full width at half maximum (FHWM).
The process for finding P and P.A. is described in [9] and [13].

4. RESULTS AND DISCUSSION

Measurements of the polarization and the P.A., as well as the number of complete
rotations of the plane of polarization k& (see [13] for elaborate details) are shown in
Table 2. Magnitude in R-band and polarization curves is shown simultaneously in
Fig. 1. Measurements of the P.4. with the applied fitting are shown in Fig. 2.

Our results show mean rotation of the plane of polarization of 6.23 +0.05 deg/
day, which is in good agreement with previously measured values [13]. However,
further studies are necessary to understand better the physical properties of OJ 287,
especially in the periods following the flares of this blazar [15].
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0J287 Photometry and Polarimetry: Results
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Fig. 1. 0J287 Photometry and Polarimetry: Results. An indication for correlation between
photometric and polarimetric variability is observed
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Fig. 2. PA. Measurements for OJ 287. Observed P.A. change corresponds to rotation of 6.23 (+
0.05) deg/day
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Table 2. Photopolarimetrical results for Blazar-type AGN 0J287 in the period 2012-2015

Error

DATE D -2456200 | P[%] | Ertor [%] | P. [deg] | PA.() [deg] | (400 k
17 NOV
2012 49.495 980 272 73.29 73.29 3.15 0
49.523 9.84  2.69 74.52 74.52 3.15 0
49.552 9.71 2.67 74.77 74.77 3.15 0
49.588 989 276 74.62 74.62 3.15 0
49.618 945 278 73.53 73.53 3.16 0
49.646 948 276 72.53 72.53 3.16 0
18 NOV
2012 50.491 927 656 62.60 62.60 3.37
50.500 9.54 531 64.45 64.45 3.29
50.510 9.53 5.34 64.17 64.17 3.29
13 JAN
2013 106.364  4.93 5.10 117.33 24267 320 1
106496 507  3.91 117.91 24209 3.07 1
04 APR
2013 187.448 2559 1390  163.65 -736.35 1.53 2.5
05 APR
2013 188.348 1937 1052 172.34 -727.66 1.53 2.5
188.385 1935 991 172.37 727.63 1.52 2.5
30 MAR
2014 547390 1595  24.74 4672 301328 652 8.5
31 MAR
2014 548337 211 9.15 4204  -3017.96  5.94 8.5
19 OCT
2014 750.576 528  6.15 132.74  -418726  3.58 12
20 OCT
2014 751.590  5.81 5.57 130.1 -4189.90 347 12
17 NOV
2014 779.524  3.09  3.77 4874 427126 2.04 12
13 JAN
2015 836.558 1518 2.1 135 -4905.00 241 14
14 JAN
2015 837359 499  2.56 11684  -4923.16  2.59 14
15 JAN
2015 837.673 1534 372 132.82  -4907.18  2.46 14
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5. CONCLUSIONS

Photopolarimetrical studies of the blazar OJ287 are a powerful tool to deter-
mine between different plausible theoretical models. It is particularly important to
perform such measurements during outbursts when the characteristic double-peak-
ed flares could be separated [15]. The first peak is known to be of thermal origin
while the second one could be due to either polarized synchrotron radiation or to
unpolarized / low-polarized bremsstrahlung (braking radiation).

In this article we extend the polarimetrical and photometrical observations we
began in the period of November 2012 through April 2013, described in [13] and
[14]. We add more recent data obtained in the period from March 2014 through
January 2015 in an effort to refine our results for the measurement of the rotation of
the plane of polarization of OJ287. From the variation of the P.A. we were able to
derive mean rotation of the plane of polarization of 6.23(+ 0.05) deg/day, compared
to the result from the previous data set of 5.80 (= 0.03) deg/day [13]. The combined
photopolarimetrical observations from the whole period suggest significant correla-
tion between polarization and brightness in R-band which is an expected result in
some of the theoretical models [13].

Further polarimetrical observations of this object are strongly encouraged,
since such results are scarce, but can serve as an important constrain to the theoret-
ical models.
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TOIUIITHNUK HA CO®PUIMCKUA YHUBEPCUTET ,,CB. KIMMEHT OXPHJICKH*
OU3NYECKH PAKYIITET

OO0xBaT Ha cnMcaHueTo. / 0OuWHUK M BKIIIOYBA BCHYKN HAYYHON3CIIEA0BATEICKH Ha-
npaBieHus BbB Ousndeckus Gaxyntet. Tol ce m3maBa BeIHBXK rogumHo. [1yomrkyBaHeTo
B HETO € Oe3IuIaTHO.

W3znckBanust kbM craruute. CTaTHUTE CE M3MPALIAT MO €IEKTPOHHATA OIIa HA [VIABHUA
penakrop (elfa@phys.uni-sofia.bg). [IpencraBsHeTo BKIIfOUBa TeKcTa, HamucaH Ha Word B
DOC ¢opwmar, ¢ Brmouenu ¢urypu (Bx. Template BpB web-cTpanuiiara Ha ['ogumianka),
¢urypure B OTACTHH (aiiIoBe, KAKTO M IPUIPYKABAIIIO MICMO C €JIEKTPOHHHUTE aIPECH Ha
TpHUMa MTOTCHIUAIHA PEIICH3EHTH.

W3nckBa ce ppKOMHCHT a2 He € OWIT U [1a He ObAe MyOMMKyBaH B HUKOE APYTO M3IaHHE.
Benakn prromucu me 6baaT perieH3npaHd. ABTOpHTE IIe ObJaT yBeJOMEHH IIPH 0H00ps-
BaHE Ha CTATUHUTE 3a MyOiaMKyBaHe. PeakTopure cH 3ama3Bar IpaBoOTO 1a PEAAKTHPAT Pb-
KOIIHCUTE, KOTaTo € Hy)KHO, M Ja BPBILAT TE€3H, KOUTO HE OTIOBAPAT HA M3MCKBAHHUATA H
o0xBaTa Ha CHICAaHHUETO.

ABTOpHTE OTCTBIIBAT aBTOPCKUTE IIPaBa BbPXY pbKonuca Ha Pusmueckus (aKynTeT Ha
Codomiickus yausepeutet ,,CB. Kimmvent Oxpunckmny. ToBa BKITIOUBaA W IpaBara 3a agall-
TUpaHe 1 0()OPMSAHE Ha CTATHATA C eI N3IOI3BAHE HA KOMITIOTBPHH [IPOTPaMH M CHCTEMH,
HEOOXOANMH MPH OTIICUaTBAHETO.

IToaroroBka Ha pbkommca. JKenmaremHO € PBKONHMCUTE Jla HE Ca IO-TOJEMH OT
20 ctp. Te TpsiOBa qa ca HarIe4aTaHU €THOCTPAHHO Ha JIUCTOBE A4 U ¢ TOCTaTHYHO MIUPOKH
mosieta. PrkomuchT TpsAOBa Ja MMa CliefHaTa CTPYKTypa: 3ariaBue, aBTop(#), MecTopadoTa,
a0CTpaKT Ha aHIIIMICKH, abcTpakT Ha Obnrapcku, PACS HoMep, KITFOY0BH TyMH (HA aHIIL.),
OCHOBEH TEKCT, OJIaroqapHOCTH, JOMBIHEeHUs, auTeparypa (Bx. Template). imeto, mpieH
TIOIIEHCKH aapec, Tene(oHeH u (akc-HOMEp U eEKTPOHEH alpec Ha aBTOpa 32 KOPECHOH-
JIeHLs TPpAOBa Ja ca M3MHCAaHK Ha ITbpPBaTa CTPAHMUIIA KaTo OeNeXKa I10] 4YepTa.

Dueypume TpsiOBa J1a ca MOCTAaBEHU B TEKCTa, OJIM30 A0 MPBOTO UM CIIOMEHaBaHe. Te
TpsiOBa /1a ca ¢ BHCOKO KadecTBO (pe3omonuns He no-manko oT 300 dpi) u ce mpencraBsar
B otenHu daitnose B EPS ¢opmar (3a BekTopHHUTE H300pakeHUs — YEPHOOCTN YePTEKHI
u rpaduxn) u JPG wm TIF dopmar (3a pactepHHTE N300paKEHUS — CHUMKH, PUCYHKH).
Benuky nuBetHH (hurypu TpAOBa fa ca KOHBEPTHPAHH B YEPHOOECTIH.

Tabnuyume na ca ¢ MUHUMaJICH Opol pa3rpaHWYMTEIHN JIMHHUHM, 1a Ca MIOMECTEHH B
TEKCTa, OJIM30 10 TEXHUS KOMEHTAp M OTAEIEHH C H3BECTHO Pa3CTOSHHUE OTTOPE M OTHOY.

3abenesxckume nod yepma na ca MUHUMAIEH OpOH, KPaTKU ¥ MOCIEIOBATEIIHO HOMe-
pHpaHu.

Jlumepamypama na ce uuTHpa B KBagpaTHu ckoou, Haripumep [3], [1, 3], [5, c./p. 98],
[12, tn./Ch. 2.11], xaTo HOMEpUPAHETO € MOCIEIOBATEIHO, TI0 PeAa Ha IUTHPAHETO.

Ipumepu 3a oghopmsane cnucvka na tumepamypama:
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[3] DeWitt-Morette, C. In: NATO ASI Series B: Physics, 1997, 361, 51.

3a mo-noapoOGHa MHGOPMAIUS OTHOCHO IOATOTOBKAaTa HAa PBKOMHICA, MO, KOHTAKTY-
BaiiTe ¢ pefakTopHuTe Ha aapec annuaire@phys.uni-sofia.bg
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