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GAIA DR3 AND SOME RESULTS OF SERBIAN-BULGARIAN
COOPERATION

GORAN DAMLJANOVIC

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia
E-mail: gdamljanovic@aob.rs

Abstract. After ESA Gaia DRI (First Release, 14™ September 2016) and Gaia DR2
(Second release, 25™ April 2018) the Third Release is going to be available, soon. At the
end of 2020, an early Gaia EDR3 is expected, and the Gaia DR3 catalog is expected after
July 2021. Mainly, the Gaia EDR3 catalog will be consisting of improved astrometry and
photometry, but the Gaia DR3 catalog contains the Gaia EDR3 and other data: mean radial
velocities for stars (with atmospheric-parameter estimates), variable-star classifications
with the epoch photometry, solar-system results (some orbital solutions, epoch
observations, etc.), double and multiple stars, QSOs and results of extended objects, etc.
Some results of the Serbian-Bulgarian cooperation in line with Gaia mission are presented.

1. INTRODUCTION

Gaia is well into its extended mission lifetime, now. The predecessor of Gaia,
the Hipparcos (High Precision PARallax Collecting Satellite) of the European
Space Agency - ESA, with ~118000 stars, changed the astronomy at the end of
the last century (ESA 1997; van Leeuwen 2007), but the Gaia with ~1 billion stars
and near 500000 extragalactic sources (Prusti 2012), from milliarcsec to
microarcsec astrometry (plus the radial velocities Vr), is going to be a revolution
in astronomy. It is a cornerstone mission of ESA, and the spacecraft was launched
at the end of 2013. The start of normal operations was in mid-2014 (from August
2014, the data are useful for the Gaia Second release - DR2). The nominal Gaia
operations phase was five-year for the observations, but now it is longer than the
predicted period.

The plan was to observe the stars in our Milky Way galaxy: astrometry,
photometry, and spectroscopy; plus, about 500000 extragalactic sources (Prusti
2012). The goal is to produce the Gaia Catalogue in optical domain, and to replace
the International Celestial Reference Frame — ICRF. The ICRF is based on the
VLBI observations in the radio domain. The accuracy of positions and parallaxes
are at the level of accuracy far away from the ground ones; the Gaia is scanning
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the full sky with very high precision. The photometry for all astrometrically
detected objects was done, and in spectroscopy the goal is to get the catalogue of
Vr for ~150 million sources, etc. In stellar astrophysics, the improvement in the
distances (using the improvement of parallaxes via Gaia observations) will allow
to obtain models of stars at different steps of evolution. About the binary and
multiple stars, the orbital parameters could be calculated with much higher
precision using the Gaia high spatial resolution, and about the exoplanets, it is
expected to find several thousands of systems. Also, the Gaia will be of
importance in the case of faint rare objects as brown or white dwarfs. It is
detecting not only point sources, but the solar system objects (with an
improvement of asteroid ephemerides, to determine the masses of the objects,
etc.), galaxies (the few million ones), quasars — QSOs (of importance for reference
systems and fundamental physics), etc.

The period of the Gaia precession spin axis is 63 days because there are two
Gaia fields of view (they are separated by a basic angle of 106.°5), and Gaia
rotates around itself with a period of 6 hours. In line with that, for each observed
object, it is collecting between 40 and 250 measurements during the five-year
observations (Prusti 2012; Taris et al. 2018). The estimated Gaia end-of-life is still
end-2024, but the process of extending the mission for the period 2023-2025 will
start, soon. The data processing for the Gaia early release (EDR3) has almost
finished, and the Third Gaia Release (DR3) or catalog is expected after July 2021.
Both solutions are based on 34 months of Gaia observations, and feature the same
source list.

2. FIRST AND SECOND GAIA DATA RELEASES

The First Release of the Gaia catalogue (DR1) was available since 14™ Sept.
2016. It was the first step of the future Gaia celestial reference frame (Gaia CRF).
The ICRF is based on the VLBI radio observations of extragalactic sources, and
the Gaia CRF is going to link to the ICRF; the Gaia catalogue is the main goal of
that ESA mission. The Gaia is collecting data for more than one billion of sources
(the number of QSOs is about 500000); the G is the white-light photometry band
of Gaia. It is determining the high accurate positions, proper motions and
parallaxes (five-parameter astrometric solution). In the DR1, there are ~2 million
stars using Tycho-Gaia solution, and it is based on the first observational period
(~14 months). Also, in that solution, only data were published about flux time-
series variability detection for Cepheids and RR Lyrae, but not for AGN and
QSO0s. More about the DR1 could be found in Taris et al. (2018).

The Second solution of the Gaia catalogue (DR2) was released on 25 April
2018.

The list with DR2 files is presented in Table 1. At the top of that list is the file
with the main part of the DR2 catalog (five-parameter astrometric solution for
~1.5 billion stars). The main data of some star (positions RA ICRS and
DE_ICRS, parallax, proper motions pmRA and pmDE) are presented in Table 2.
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The parallax values given in DR2 could be less than zero, which, though
meaningless, is due to the calculation procedure (as some cases in the Hipparcos
Catalog). The DR2 is based on ~21 months (1.75 yr or 640 days) with some
interruptions (period 22™ August 2014 — 23" May 2016) of Gaia operational
phase, even the start of astronomical observations was in July 2014. The first
month of Gaia observations was not included in the DR2 solution because the data
quality is not high enough. That catalogue contains results for 1.693 billion
sources in the G magnitude range 3 to 21. For 1.332 billion sources there are five
astrometric parameters: positions, proper motions, and parallaxes. The reference
epoch is J2015.5 = JD 2457206.375 TCB = 2 July 2015 at 21:00:00 TCB, and it is
about half-way through the observational period used in the DR2 solution (that
epoch is 0.5 yr later than the DR1 one). Because of its, there are some differences
in the positional data between the DR1 and DR2 releases. The reference epoch
was chosen to get minimal correlations between the positions and proper motions.

Table 1: The second Gaia data release (DR2).

VizieR
Simple Target | List Of Targets Fast Xmatch with large catalogs or Simbad
Target Name (resolved by Sesame) or Pesition: Target i
[ Clear | |[32000  ~|[ 2 [arcmin~|
@ Radius () Box size
'E 1 Gaia DR2 (Gaia Collaboration, 2018) 2018A&A.616A..1G  ReadMe+fip
13 acknowledge and cite Gaia DR2
- 1 annotation(s) (on I specific record(s))
1./345/gaia2 (9)Gaia data release 2 (Gaia DR2). (Download all Gaia Sources as VOTable, FITS or CSV here. Query from the|
command line using find_gaia_dr2 available in cdsclient here)
(original column names in green) (1692919135 rows)
2.1/345/rvstdeat (<)M ean radial velocities on absolute scale (original column names in green)[timeSerie] (4813 rows)
3.1/345/rvstdmes Original ground-based radial velocity measurements (original column names in green) (71225 rows)
4.1/345/allwise Allwise AGN Gaia DR2 cross-identification (aux_allwise_agn_gdr2_cross_id) (original column names in green)
(555934 rows)
5.1/345/iers IERS GaiaDR?2 cross-identification (aux_iers_gdr2_cross_id) (original column names in green) (2820 rows)
6.1/345/cepheid (c)Cepheid stars (vari_cepheid) (original column names in green)[timeSerie] (9575 rows)
7.1/345/1lyrae ()RR Lyrae stars (vari_rrlyrae) (original column names in green) (140784 rows)
8.1/345/1pv ()Long Period Variable stars (vari_long_period variable) (original column names in green) (89617 rows)
9.1/345/varres (©Variability classification results of all classifiers, identified by the classifierName column
(vari_classifier_result) (original column names in green) (363969 rows)
10.1/345/shortts Short-timescale sources (vari_short_timescale) (original column names in green) (3018 rows)
11.1/345/tsstat Statistical parameters of time series, using only transits not rejected (vari_time_series_statistics) (original
column names in green) (350737 rows)
12.1/345/numtrans Calibrated FoV transit photometry from CUS5, consolidated and provided by CU7 for variable stars in Gaia DR2
(epoch_photometry, part 1) (original column names in green)[timeSerie] (550737 rows)
13.1/345/transits Calibrated FoV transit photometry for CUS5, consolidated and provided by CU7 for variable stars in Gaia DR2
(epoch_photometry, part 2) (original column names in green) (17712391 rows)
14.1/345/rm Rotation period in segment, part 1 (vari_rotation_modulation) (original column names in green) (147535 rows)
15.1/345/rmseg Rotation period in segment, part 2 (vari_rotation_modulation) (original column names in green) (583988 rows)
16.1/345/rmout Rotation period in segment, part 3 (vari_rotation_modulation) (original column names in green) (990561 rows)
17.1/345/ss00bj *Data related to Solar System objects observed by Gaia (sso_source) (original column names in green) (Note)
(14099 rows)
18.1/345/sso0rb *Auxiliary information on asteroid orbits and basic photometric parameters (aux_sso_orbits) (original column
names in green) (Nate) (14099 rows)
19.1/345/ssores *Residuals with respect to an erbital fit considering only the Gaia observations (aux_sso_orbit_residuals)
(original column names in green) (Note) (1977702 rows)
20.1/345/ss00bs (©)*Solar System object observations (sso_observation) (original column names in green) (Note) (1977702 rows)
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The positions (RA_ICRS, DE ICRS) and proper motions (pmRA, pmDE)
refer to the ICRS; see Table 2. An overview of Gaia EDR3 is done in Table 3.
There are the approximate RA_ICRS and DE_ICRS for an additional 0.361 billion
mostly faint objects (Lindegren et al. 2018). The DR2 is available in the online
Gaia Archive'. In DR2 (as in DRI case) there are only photometric data as time-
series for Cepheids and RR Lyrae, but no QSOs and other objects with unstable
flux.

Table 2: The coordinates (RA_ICRS, DE ICRS), parallax, proper motions
(pmRA, pmDE), Gmag, and other results of Gaia DR2.

VizieR Send ta VO toals

1732

b Show formation

The 3 columns in color are computed by VizieR, and are not part of the original data

Gaia DR2 (Gaia Collaboration, 2018) 201BARA616A.1G  ReadMesftp
tion(s) - pest Gaia data release 2 (Gaia DR2). (Download all Gaia Sources as VOTable, FITS or CSV here. Query from the command line
using find_gaia_dr2 available in cdsclient here)

(original column names in green) (1692919135 rows)

@7 start AladinLite % plot the output €. > query using TAP/SQL

deg mas deg mas mas mas | masiyr | (=) masiyr (=)

Fulll RA ICRS e DE ICRS e Source Px e pmRA e pmDE e Dup EG e Gmag | e
els &

() 1038.20256418497|0.2024|+20.28818994203 0.1823| 86621076520103680|-0.0460) 0.2274| -0.0820.509 -0.616/0.432| 0 1.4657e+03|1.7194e+01|17.7733(0.0127

| Display Full Selected Rows |

© Universite de Strasbourg/CNRS
fovO e

The DR2 catalogue is independent because it does not include any other
astrometric data (Hipparcos or Tycho ones), in contrast to the DR1 which is the
Tycho-Gaia astrometric solution (Lindegren et al. 2016). All sources are reduced
as single stars (as in DR1 solution) and the main values are presented by the five
astrometric parameters, but the results of some binary stars refer to the
photocentre (in the case of unresolved binaries) or to either component (for
resolved ones). The models, algorithms, and the main steps of astrometric solution
are described in Lindegren et al. (2012). Also, there are some additions since
2012. The color information in DR2 for most of the sources could be found; it was
obtained by using the photometric processing of data via the blue BP and red RP
photometers. For bright sources, it means G < 14 mag, the median uncertainty is
near 0.04 mas in parallax and position (at J2015.5 — reference epoch of DR2). For
G=17 mag, it is 0.1 mas, and 0.7 mas in the case of G=20 mag. About the pmRA
and pmDE, the mentioned values are: 0.05 mas/yr, 0.2 mas/yr, and 1.2 mas/yr,
respectively. The optical Gaia DR2 CRF is aligned with ICRS, and in line with
Lindegren et al. (2018), it is non-rotating to within 0.15 mas/yr with respect to the
QSOs. Using QSOs the primary solution was linked to the ICRS, and the
astrometric calibration parameters of the CCDs were determined via an
astrometric solution for 16 million selected objects, ~1% of the input data. Then,
for the other sources astrometric parameters were calculated (Lindegren et al.

! https://archives.esac.esa.int/gaia
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2018). Depending on positions, magnitude and color, the systematic effects in the
parallaxes are less than 0.1 mas. The Barycentric Celestial Reference System —
BCRS is the primary coordinate system: the origin is at the solar system
barycentre, the axes are aligned with the ICRS, the barycentric coordinate time —
TCB is the time-like coordinate of the BCRS. In line with Soffel et al. (2003), a
consistent theory of relativistic astronomical reference systems was used during
the processing of the Gaia data.

Table 3: The overview of Gaia EDR3%.

. ) # sources in # sources in

# sources in Gaia EDR3 Gaia DR2 Gaia DR1
Total number of sources = 1,800,000,000 1,692,919,135 1,142,679,769
Number of 5-parameter sources = 1,500,000,000 1,331,509 727 2,057,050
MNumber of 2-parameter sources = 300,000,000 361,009 408 1140622719
Sources wilh mean & = 1,800,000,000 1,692,918,135 | 1,142,679,768
magnitude
Sources with mean Gep-band = 1,500,000,000 1,381,964,755
photometry
Sources with mean Gge-band - 1,500,000,000 1,383,551,713
photometry
Gaia-CRF sources =1 500,000 556 869 2,191

expected with Gaia DR3 / =7 210,000 from Gaia

Sources with radial velocities DR2 in Gaia EDR3 7,224,631

‘Variable sources expected with Gaia DR3 / see Gaia DR2 550,737 3,194
5;;""“ asteraids with epach expected with Gaia DR3 / see Gaia DR2 14,099

Effective temperatures (Taf) expected with Gaia DR3 / see Gaia DR2 161,497 595

Extinction (Ag) and reddening expected with Gaia DR3 / see Gaia DR2 87,733,672

(E{Gep-Gar))

Sources with radius and expectad with Gaia DR3 / see Gaia DR2 76,956,778

luminosity

and more... expected with Gaia DR3 -

The non-linear motions, the case of binary stars and other perturbations, are
not included in DR2; only the uniform space motion of the object relative to the
solar system barycentre was considered. The future Gaia release is going to
include the mentioned motions (Lindegren et al. 2018). The DR2 is aligned with
ICRS and non-rotating with respect to the QSOs as distant objects; the Gaia-CRF2
is the celestial reference frame of Gaia DR2. In a prototype version of ICRF3
there are 2843 sources (mostly QSOs), the optical counterparts of VLBI radio
objects. The IAU Working Group “Third Realization of ICRF” is responsible for
the ICRF3 catalogue which contains 4262 sources with accurate VLBI radio
positions.

? https://www.cosmos.esa.int/web/gaia/earlydr3

9
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3. THIRD GAIA DATA RELEASE (EDR3 AND DR3)

The Third Gaia Data Release is split into two releases: the early release
(EDR3), and the full Gaia Data Release (DR3). The EDR3 will be consisting of:
astrometric, photometric, and radial-velocity data, variable-star and non-single-
star results, object classifications with multiple astrophysical parameters for stars,
QSOs, galaxies, and unresolved binaries, exo-planets, epochs and transits for all
objects; see Table 3. The early Gaia EDR3 is going to appear at the end of 2020.
The Gaia DR3 catalog is expected after July 2021.

The DR3 solution (with improved astrometry and photometry of DR2
solution) will be consisting of: mean Vr velocities for stars without detected
variability, object classification and astrophysical parameters (BP/RP and RVS
spectra for spectroscopically objects), the epoch photometry and variable-star
classifications, Solar-system results (preliminary orbital solutions, individual
epoch observations), non-single star catalogues, etc.

Figure 1: The Belogradchik AO and famous rocks.

4. GAIA AND SERBIAN-BULGARIAN COOPERATION

A few years after the installation of the fist instrument (D=60 cm telescope,
during 2011) at the Serbian new site (at the Astronomical Station Vidojevica —
ASV) the Gaia satellite was launched (at the end of 2013) and during 2013 the
local cooperation “Serbian-Bulgarian mini-network telescopes” was established;
the Serbian-Bulgarian observational activities and investigation about the Gaia
mission were started. The ASV belongs to Astronomical Observatory in Belgrade

10
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— AOB’. At the two Bulgarian sites, Belogradchik (see Figure 1) and Rozhen,
there are another 4 instruments of our interest. At Belogradchik it is the D=60 cm
telescope, and at the Rozhen Observatory there are three instruments: the Schmidt
— camera 50/70 cm, D=2 m, and D=60 cm telescopes. Since mid-2016 there is
another ASV instrument (D=1.4 m telescope) via Belissima project (see Figure
2). Using these 6 telescopes (Damljanovi¢ et al. 2014; Damljanovi¢ et al. 2018a;
Damljanovi¢ et al. 2018b; Taris et al. 2018) we started astronomical observations
in line with: the Gaia astrometry (QSOs useful for Gaia CRF and the link ICRF -
Gaia CRF), Whole Earth Blazar Telescope - WEBT objects (mostly blazars), Gaia
Alerts or Gaia-Follow-Up Network for Transients Objects (Gaia-FUN-TO), etc.

Our activities about the Gaia tasks are in line with the bilateral Serbian-
Bulgarian joint research projects: “Observations of ICRF radio-sources visible in
optical domain” during three-year period 2014-2016, “Study of ICRF radio-
sources and fast variable astronomical objects” (2017-2019), and the actual one
“Gaia Celestial Reference Frame (CRF) and fast variable astronomical objects”
(2020-2022, the leader is G. Damljanovi¢). These projects are within the
framework between the Serbian Academy of Sciences and Arts — SASA (or
SANU in Serbian language) and Bulgarian Academy of Sciences — BAS (or BAN
in Bulgarian language).

The QSOs optical flux variations were investigated by using the original
observations of QSOs (period 2013-2019), and it is in accordance with the future
Gaia reference frame (Taris et al. 2018). That frame will be materialized by the
optical positions of the objects, and it is going to link to the ICRF. The ICRF is
based on the VLBI radio positions of mostly QSOs. Because of its, it is necessary
to investigate flux variability of QSOs. The unstable flux of QSOs indicates
changes in the source structure. It is of importance for the position of the target
photocentre (also, the evolution in time of that center).

Flux variations of 47 objects, mostly QSOs (Bourda et al. 2008 and 2011)
which are suitable for the mentioned link, are presented in (Taris et al. 2018) and
are based on the data in line with the ‘“Serbian-Bulgarian mini-network
telescopes”.

About the Gaia Alerts, during six-year period (Oct. 2014 — Oct. 2020) we
observed ~90 objects (or ~3300 CCD images) using mentioned 6 telescopes; it is
~15 objects per year (or ~550 images per year). There are a few published papers
about Gaia Alerts (Campbell et al. 2015; Damljanovi¢ et al. 2014), and some
results were presented at a few conferences. We are doing with the Johnson BV
and Cousins Rclc filters, and the seeing is between 1."0 and 3."5 at the Serbian-
Bulgarian sites: the mean value at ASV is 1."2, and it could be 0."7 at Rozhen and
ASV. Using the 2 m Rozhen and 1.4 m ASV telescopes we could observe the
objects until V=20 mag with Exp.~5 min (until 19 mag using smaller instruments).

? http://vidojevica.aob.rs
4 http://belissima.aob.rs

11
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In line with an indication that the bright DR2 reference frame (stars with
G<13 mag) rotates by about 0.1 mas/yr relative to the faint quasar frame, the
amplitude A=0.5+0.1 mas/yr of the sinusoidal curve of pmDE differences INDLS-
DR2 was calculated (Damljanovi¢ 2020) using the original INDLS catalog of 682
stars.

5. CONCLUSIONS

The Gaia DR2 sources have full astrometric data (proper motions and
parallaxes, also), and the DR2 contains a vastly increased number of sources in
comparison with DR1. The data of bright sources (G < 12 mag) were included
already in DR1, but the results in DR2 are generally more accurate, and the results
of DR2 are independent of the Hipparcos and Tycho catalogues. The Gaia CRF2,
reference frame, is defined by Gaia data of QSOs. Also, the optical counterparts of
VLBI objects in a solution of the ICRF3 were used.

Figure 2: The 1.4 m ASV telescope in its dome.

12



GAIA DR3 AND SOME RESULTS OF SERBIAN-BULGARIAN COOPERATION

The astrometric results in Gaia DR2 are based on ~2 years of observations,
and the random and systematic errors are still higher than it can be expected for
the final solution. The calibrations are very preliminary. There are possibilities for
improvements (Lindegren et al. 2018), and there are many investigations to be
done for the next solution (DR3). Also, all objects beyond the solar system are
treated as point sources in DR2 and this is necessary to improve in the reduction
model, there are the unresolved binaries (the photocentre was calculated instead of
each separate star of the system), the systematic errors are mainly based on the
analysis of QSOs data, etc. There are a lot of parts for improving Gaia DR3.

In line with Gaia the cooperation ‘“Serbian-Bulgarian mini-network
telescopes” was established during 2013, SANU-BAN project was started at 2014.
Then, the investigations in accordance with Gaia astrometry (Taris et al. 2018) and
Gaia Alerts (Campbell et al. 2015; Damljanovi¢ et al. 2014) were done. The first
SANU-BAS project was “Observations of ICRF radio-sources visible in optical
domain” (2014-2016), the second one was “Study of ICRF radio-sources and fast
variable astronomical objects” (2017-2019), and the actual one is “Gaia Celestial
Reference Frame (CRF) and fast variable astronomical objects” (2020-2022).
During six-year period ~90 Gaia Alerts (or ~3300 CCD images) were observed.

The amplitude A=0.5= 0.1 mas/yr of the sinusoidal curve of pmDE
differences INDLS-DR2 was obtained using the original INDLS catalog of 682
stars; it is in line with an indication that the bright reference frame of DR2 (stars
with G < 13 mag) rotates by about 0.1 mas/yr relative to the faint quasar frame
(Damljanovi¢ 2020). We continue activities and investigation in line with that
ESA mission.
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Abstract. We used a set of six optical Serbian-Bulgarian telescopes at three sites
(Belogradchik, Rozhen, and Vidojevica) to monitor astronomical objects in line with: the
Gaia ESA mission (Gaia astrometry, Gaia Alerts or Gaia-Fellow-Up Network for
Transients Objects), the Whole Earth Blazar Telescope - WEBT international project,
cataclysmic and symbiotic stars, etc. Some results about observations of Gaia Alerts (Gaia-
FUN-TO) during 2019 using “the Serbian-Bulgarian mini-network telescopes” are
presented, here. Usually, we did about 15 objects per year. The mentioned activities are in
line with actual SANU-BAN (Serbian and Bulgarian Academies of Sciences) joint
research project “Gaia Celestial Reference Frame (CRF) and fast variable astronomical
objects” (period 2020-2022), and similar international investigations supported by IAU.
Also, our activities in line with the object Gaial8dvy are presented. The Gaial8dvy is a
new case of FU Orionis-type young eruptive stars in the Cygnus OB3 Association, and the
paper about it was published during 2020.

1. INTRODUCTION

The Gaia astronomical satellite of the European Space Agency — ESA is a
space mission, and it is operating since mid-2014. Gaia is surveying the full sky:
astrometrically, photometrically, and spectroscopically. It is doing revolution in
astrometry, and these results are useful for all the relevant scientific communities:
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for the stellar physics, our understanding of the Milky Way galaxy, the Solar
system bodies, etc. The positions, proper motions and parallaxes (or the high-
precision astrometric data) are the main goal of that mission. The G magnitudes of
sources range from 3 to 21. An important step in the realization of the Gaia
reference frame in future is the Gaia catalogue. The second Gaia solution or data
release (DR2) of about 1.7 billion sources has been made publicly available on
April 2018, and the next one (Gaia EDR3) is going to appear at the end of 2020.

The Gaia provides near-real-time photometric data during scanning the sky
multiple times, and because of its these data are used to detect some changes in
brightness from all over the sky (appearance of new objects, also). The next step is
that the Gaia Science Alerts system produces alerts on the mentioned interesting
objects, and we continue observations of these objects using the ground-based
telescopes. The first alerts were published in October 2014 by the Gaia
Photometric Science Alerts, and three years after that the Gaia Science Alerts was
among the leading transient surveys in the world with transients as: supernovae,
cataclysmic variables, microlensing events, other rare phenomena. More than
3000 transients were discovered until October 2017 (during three years).

2. GAIA ALERTS AND SERBIAN-BULGARIAN COOPERATION

Over the mission lifetime, Gaia has a goal of recording each object in the sky
about 70 times. This produces a lot of alerts, where number of alerts increases
with the number of observations of each object. Until the beginning of November
2020 about 14130 Gaia Alerts had been reported from all over the sky. In Table 1,
we present a number of alerts published per year on the official website'.

In 2011 the Serbian new astronomical site at the Astronomical Station of
Vidojevica (ASV) of Astronomical Observatory in Belgrade (AOB) was
established with a new D=60 cm telescope. At mid-2016 and via the Belissima
project (see website?) there was another new telescope (D=1.4 m) at that site, and
we used 4 instruments in Bulgaria (at Belogradchik and Rozhen sites) in line with
our regional cooperation “Serbian-Bulgarian mini-network telescopes” which was
started in 2013. Also, our activities are in line with the SANU-BAN joint research
projects: “Observations of ICRF radio-sources visible in optical domain” (for the
period 2014-2016), “Study of ICRF radio-sources and fast variable astronomical
objects” (2017-2019), and the actual one “Gaia Celestial Reference Frame (CRF)
and fast variable astronomical objects” (2020-2022, the leader is G.Damljanovic).
In a few papers (Damljanovi¢ et al. 2014; Taris et al. 2018) the main information
about the mentioned instruments was published. Three telescopes (D=2 m, D=60
cm, and Schmidt-camera 50/70 cm) are at NAO Rozhen, and one (D=60 cm) is at
Belogradchik AO. The NAO BAS means National Astronomical Observatory of

! http://gsaweb.ast.cam.ac.uk/alerts/home
2 http://belissima.aob.rs
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Bulgarian Academy of Sciences (or BAN in Bulgarian language), and Serbian
Academy of Sciences and Arts is SASA (or SANU in Serbian language).

3. RESULTS

Our mini network of six telescopes (at three sites) is presented in Table 2, and
the CCD cameras in line with these telescopes are presented in Table 3.

Also, we cooperate with colleagues from India, and because of this from time
to time we can use D=1.31 m telescope of the Aryabhatta Research Institute of
observational sciencES (ARIES). The ARIES is a site in the central Himalayan
region (Manora Peak, Nainital); the geographic coordinates (longitude, latitude)
and altitude are: A=79.7° E, ¢=29.4° N, h=2420 m. The mentioned telescope is
equipped with the CCD camera Andor DZ436: 2048x2048 pixels, 13.5x13.5 um
pixel size, the scale is 0.”54 per pixel, FoV=18."5x18."5. This instrument is a
modified R.-C. system Cassegrain; it is Devasthal Fast Optical telescope (DFOT).

Table 1: Number of Gaia alerts published per year.

Year Number of alerts
2020 (updated 10" Nov 2020) 3468

2019 3915

2018 2729

2017 2322

2016 1522

2015 168

30™ Aug 2014 — 31" Dec 2014 103

The standard bias, dark and flat-fielded corrections are done (also, hot/dead
pixels are removed), and usually we did 3 CCD images per filter. The Johnson-
Cousins BVRclc filters were available. The Astrometry.Net and Source Extractor
are used. The output is supposed to be submitted to the Cambridge Photometric
Calibration Server (CPCS) for further calibration. About 3300 CCDs of the Gaia
Alerts or Gaia-Follow-Up Network for Transients Objects (Gaia-FUN-TO) were
collected during Oct. 2014 — Oct. 2020; it is about 550 images per year. About 90
objects were observed over the mentioned six years (it is near 15 objects per year).

Using our data there are a few published papers (Campbell et al. 2015;
Wyrzykowski et al. 2020; Szegedi-Elek et al. 2020; Damljanovic et al. 2020; etc.).

In 2019, we observed 15 objects.

A) There are 9 objects using the D=60 cm telescope at ASV: Gaial9apc (5
times or epochs), Gaial9awc (2), Gaial9bcv (2), Gaial9cvu (1), Gaial9cup
(1), Gaial9dke (1), Gaial9dum (2), Gaial8dvy (1), Gaial9duw (2).

B) Using the D=1.4 m ASYV there are 10 objects: Gaial8dvu (2), Gaial8dvy (2),
Gaial9aik (2), Gaial9ajp (2), Gaial9apc (3), Gaial9bcv (2), Gaial9awec (1),
Gaial9drp (1), Gaial9dqe (1), Gaial9bpg (1).
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C) Using the D=2 m Rozhen (FoReRo2 system) there are 3 objects: Gaial9awc
(1), Gaial9bcev (1), Gaial9apc (1).

D) There are no data using the D=60 cm Rozhen (-): - .

E) There are no data using the D=50/70 cm Schmidt-camera at Rozhen (-): - .

F) There are no data using the D=60 cm Belogradchik AO (-): - .

We did about 440 CCDs during 2019: about 200 using D=60 cm ASV, 36
using D=2 m Rozhen (FoReRo02 system), and about 200 using D=1.4 m ASV. It is
~8% using D=2 m Rozhen, ~46% using 60 cm ASV, and ~46% using 1.4 m
ASV.

Table 2: Mini network of telescopes.

Name Type Longitude | Latitude |Altitude
Astronomical Station Vidojevica — Astronomical Observatory Belgrade — (Serbia)
“Milankovic” 1.4 m  |Ritchey-Chrétien 21.6° 43.1° 1143 m
“Nedeljkovic” 60 cm | Cassegrain 21.5° 43.1° 1136 m
Rozhen National Astronomical Observatory — Bulgarian Academy of Sciences (Bulgaria)
2m Ritchey-Chrétien 24.7° 41.7° 1730 m
60 cm Cassegrain 24.7° 41.7° 1759 m
50/70 cm Schmidt-camera 24.7° 41.7° 1759 m

Belogradchik Astronomical Observatory (Bulgaria)
60 cm Cassegrain ‘ 22.7° ’ 43.6° ‘ 650 m

The object Gaial8dvy is very interesting. Its CCD image is presented (see
Figure 1) after standard reduction (bias/dark/flat, hot/dead pixels, etc.). The object
is marked with lines. This image was made on 13th March 2019 using the ASV
telescope (D=1.4 m) with CCD Andor iKon-L camera: R-filter, Exp.=120s,
FoV=8.3x8.73, binning=1x1, scale=0."24 per pixel. We observed the Gaial8dvy
three times during March and August 2019 using two ASV instruments:

1.) on 12" March, JD=2458555.6, using D=1.4 m ASV telescope with CCD
Andor iKon-L (0."244 per pixel), there are 12 CCD images or 3(BVRI),
2.) on 29" March, JD=2458572.6, D=1.4 m with Andor iKon-L, 3(BVRI),
3.) on 29" August, JD=2458725.5, D=60 cm with FLI PL230 (0.”518), 3(BVRI).
The obtained results are:
1.) in B-band it is 18.58 mag with st.dev.=0.03 mag (MJD=58555+0.0939
days), 18.55+0.03 (+0.1002), and 18.61+0.03 (+0.0876),
V=16.60+0.01 (+0.1018), 16.59+0.01 (+0.0955), 16.62+0.01 (+0.0892),
r=15.60%0.00 (+0.0971), 15.60+0.00 (+0.1034), 15.60+0.00 (+0.0907),
i=14.4340.00 (+0.0986), 14.43+0.00 (+0.0923), 14.44+0.00 (+0.1049),
2.) in B-band it is 18.30+0.03 mag (58572+0.1158), 18.29+0.03 (+0.1219), and
18.32+0.03 (+0.1098),
V=16.3840.01 (+0.1234), 16.38+0.01 (+0.1173), 16.37+0.01 (+0.1113),
=15.42+0.00 (+0.1188), 15.424+0.00 (+0.1249), 15.40+0.00 (+0.1128),
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i=14.3420.00 (+0.1203), 14.34+0.00 (+0.1143), 14.330.00 (+0.1264),
3.) in B-band it is 17.54+0.04 mag (58724+0.9608), 17.57+0.04 (+0.9630), and
17.62+0.05 (+0.9587),
V=15.77+0.01 (+0.9694), 15.79+0.01 (+0.9673), 15.73+0.01 (+0.9651),
r=14.99+0.00 (+0.9737), 14.77+0.00 (+0.9758), 14.98+0.00 (+0.9715),
i=13.67+0.00 (+0.9801), 14.78+0.00 (+0.9779), 13.68+0.00 (+0.9822).

Table 3: CCD cameras of our mini network telescopes.

Telescope Camera Chip size Pixel size |Scale | Field of
D/F [m] [pixel] [um] ["] view - FoV[']
1.4/11.42 Apogee Alta U42 2048 x 2048 | 13.5x 13.5 {0.243 |83 x 8.3
ASV Andor iKon-L 2048 x 2048 | 13.5x 13.5 |0.24 83x83
2/15.774 VersArray 1300B | 1340 x 1300 |20 x 20 0.261 |5.6x5.6
Rozhen Andor iKon-L 2048 x 2048 | 13.5x 13.5 [0.176 |6.0x 6.0
0.6/6 Apogee Alta U42 2048 x 2048 | 13.5x 13.5 [0.465 15.8x 15.8
ASV SBIG ST10 XME (2184 x 1472 6.8 x 6.8 0.23 8.4x57
0.6/7.5 FLI PL09000 3056 x 3056 |12 x 12 0.33 16.8 x 16.8
Rozhen

0.6/7.5 FLI PL09000 3056 x 3056 |12 x 12 0.33 16.8 x 16.8
Belogradchik

0.5/0.7/1.72 | FLI PL16803 4096 x 4096 |9x 9 1.08 73.7x73.7
Rozhen

Our results (suitable magnitudes) are in good accordance: with other presented
results (see Figure 2), with the ground-based relative photometry, possibilities of
our instruments, etc. These magnitudes are transferred from our set of filters
(Johnson BV and Cousins Rclc) into another one via the Cambridge Server.

We investigated Gaia 18dvy (0=20:50:06.02, 6=36:29:13.52, see Figure 1.)
which was noted by Gaia alerts system when its light curve had a 4 magnitude rise
in the period 2018-2019. It was proved to be a new case of FU Orionis-type young
eruptive stars in the Cygnus OB3 Association (Szegedi-Elek et al. 2020).

Once identified, Gaial8dvy was observed by Follow-Up-Network of
telescopes in multi-national campaign. All follow-up data were collected and
presented in the Figure 2. Here, we reproduce this as Figure 3 using the paper
(Szegedi-Elek et al. 2020). Our images of Gaia 18dvy were among the first ones
collected for this campaign and an example of our frame is shown in Figure 1, it is
presented among other follow-up data in Figure 3. Our results fit very well other
points of the light curve (Figure 3).

It was observed in optical and infrared domain which was followed by
spectroscopic  observations. Its optical and near-infrared spectroscopic
characteristics in the outburst phase are consistent with those of FU Orionis-type
young eruptive stars. The progenitor of the outburst is a low-mass K-type star. A
radiative transfer modeling of the circumstellar structure has been developed,
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based on the spectral energy distribution, and indicates a disk with a mass of

4x10~* Mgu. The known population of FU Orionis type stars is very small (only
26 FUors and FUor-like objects).
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Figur;: 1: Our image of the Gaial8dvy (R-filter, Exp.=120s) on March 132019
using the D=1.4 m ASV telescope with CCD Andor iKon-L camera.

It is possible to observe objects down to 20 mag in the V-band using D=2 m
Rozhen and D=1.4 m ASV telescopes with Exp.=300s. With smaller telescopes,
it is down to 19 mag. The D=1.4 m telescope is a new addition to our network
from mid-2016 (new dome from 2018). In the last 2 years both bigger telescopes
(2m Rozhen and 1.4 m ASV) have had new CCD cameras Andor iKon-L 936. The
telescope D=2 m at Rozhen underwent realuminization of the mirrors in 2017.
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Figure 2: All follow-up data of Gaia 18dvy. The figure is reproduced from
Szegedi-Elek et al. (2020) paper. The green asterisks show the Gaia data, the
purple dots - WISE data, filled dots - ZTF and OPTICON data, the photometry
from the Konkoly Observatory is highlighted by the black circles. Average Pan-
STARRS magnitudes, converted to the Johnson-Cousins system, are indicated by
the horizontal lines at the left side of the figure. The red vertical lines mark optical
spectra of Gaia 18dvy, while the black vertical line indicates the epoch of NIR
spectrum. The two blue vertical lines display the time period when the TESS
satellite observed Gaia 18dvy.

4. CONCLUSIONS

The ESA Gaia astronomical satellite was launched in the end of 2013. In mid-
2014 the first observations of that mission were done, and since October 2014 the
Gaia Photometric Science Alerts started to publish alerts. During the first three
years about 3000 alerts were issued by the Gaia Science Alerts group: cataclysmic
variables, supernovae, candidate microlensing events, etc.

In line with our regional cooperation “Serbian-Bulgarian mini-network
telescopes” and three SANU-BAN projects a few objects were observed
(Damljanovi¢ et al. 2014) during the test phase in 2013 and 2014. After that (from
the end of 2014), we continued the observations of the Gaia-Follow-Up Network
for Transients Objects (Gaia-FUN-TO) or Gaia Alerts. From mid-2016 there were
6 Serbian-Bulgarian telescopes for the mentioned activities.

About 90 objects were observed during 6 years (until the end of October 2020),
and it is near 15 objects per year. About 3300 CCD images were collected; it is
about 550 images per year. Our observations were done in Johnson BV and
Cousins Rclc filters. Usually, we did 3 CCD images per filter. At the beginning of
Gaia Alerts the paper (Campbell et al. 2015) about rare object was published; it is
the eclipsing AM CVn Gaial4aae object. During 2020, two papers were
published: (Wyrzykowski et al. 2020) about Gaial6aye object (Ayers Rock), and
(Szegedi-Elek et al. 2020) about Gaial8dvy one. The Gaialbaye is the binary
microlensing event (the first discovered in the Northern Galactic Disk); we did
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that object from mid-2016 and during about 2.5 years. The object Gaial8dvy is a
new case of FU Orionis-type young eruptive stars in the Cygnus OB3
Association. Also, some of our results were presented at a few conferences.
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Figure 3. Our measurement of Gaia 18dvy (one shown as image in Figure 2)
shown with the arrow, among other follow-up data in the campaign (brown
circles) and Gaia data (blue diamonds).
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Abstract. The International Celestial Reference Frame (ICRF) and Gaia CRF will be two
reference frames with similar precision. To link ICRF provided with very long baseline
interferometry (VLBI) in radio and Gaia CRF in optical wavelength is necessary to
observe and monitor set of objects visible in both wavelengths. Observations of 47
candidate sources important for the link have been carried out by using two telescopes
located at the Astronomical Station Vidojevica (of the Astronomical Observatory of
Belgrade) and the one at the Rozhen National Astronomical Observatory (Bulgaria). The
brightness variability (V and R bands) of five candidate sources was tested using the F-
test. The color variability for the period from July 2016 to August 2019 for these five
objects, and color magnitude dependences for the same period are presented in this paper.

1. INTRODUCTION

The third data realization of the International Celestial Reference Frame
(ICRF3) was adopted by the International Astronomical Union (IAU) in August
2018 (Charlot et al. 2020). The ICRF3 is based on data obtained for about 40
years at radio frequencies (8.4 and 2.3 GHz) and data collected for the past 15
years at higher radio frequencies (24 GHz and dual-frequency 32 and 8.4 GHz) by
very long baseline interferometry (VVLBI).

The early third Gaia data release (Gaia EDR3) should be available from 3
December 2020, two years before the full data release. The Gaia EDR3 will
contain data of about 1.8 billion sources and provide full astrometric information
(positions, parallaxes, and proper motions) for about 1.5 billion sources. The
currently available, second Gaia data release (Gaia DR2), published on 25 April
2018, provides celestial positions and G magnitudes for about 1.7 billion sources
and provide positions, parallaxes, and proper motions for about 1.3 billion sources
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(Gaia Collaboration et al. 2018). To link the Gaia CRF (based on the observations
at optical wavelength) with the ICRF (based on the VLBI observations at radio
wavelengths) it is required to observe a set of quasars (QSOs) visible in the optical
domain. For this link are suitable only 10% of ICRF sources (about 70 sources).
We observed the 47 candidates sources for this link with high astrometric quality
(Bourda et al. 2011) since July 2016. These sources are Active Galactic Nuclei
(AGNs), mostly QSO, the others are BL Lacertae — BL Lac and Seyfert galaxies
type 1. The one of properties of AGNSs is flux variability at different wavelength.
These variations are divided into three classes (Gupta 2014): Intra Day
Variabilities (those of less than a day), Short Term Variability (within the range of
a few days to a few months), and Long Term Variability (from a few months to
several years). It is necessary to monitor brightness variability of candidate
sources for the link between two reference frames over a longer period of time.

The subject of this paper is investigation of color variability of five AGNs
which have been the most observed objects. The results of investigation of the
brightness variability of these five sources for a similar period of time are
presented in papers: Jovanovi¢ (2019), and Jovanovi¢ and Damljanovi¢ (2020).
The object properties are listed in Table 1: the coordinates are taken from SDSS
DR14, the redshift (z) is from the NASA/IPAC Extragalactic Database — NED
(https://ned.ipac.caltech.edu/), and the type is from SIMBAD Astronomical
Database.

Table 1: The main properties of objects.

Object @ y2000.0(°)  d2000.0(%) Z Type Observation date No. of observations
(mmddyyyy) per filter
start finish V., R
15354231 234.31041 23.01126 0.462524 QSO 07022016 08062019 20, 24
1556+335  239.72993 33.38851 1.653476 QSO 07022016 08062019 20, 27
1607+604  242.08560 60.30783  0.178000 BL Lac 07022016 08062019 23, 27
17224119 261.26810 11.87096  0.018000 BL Lac 07022016 08082019 22, 26
17414597  265.63334 59.75186 0.400000 BL Lac 07042016 08072019 34, 40

2. OBSERVATIONS AND PHOTOMETRY

The observations were made using three different telescopes. Two telescopes
are located at Astronomical Station Vidojevica (ASV) of the Astronomical
Observatory of Belgrade and third one is located at the Rozhen NAO in Bulgaria.
The details about used telescopes (ASV with mirror diameter 60 cm and 1.4m, and
Rozhen 2m) and mounted CCD cameras are presented in paper Jovanovic¢ (2019).
Every nights two CCD images per V and R filter have been obtained and bias,
dark and flat frames which were used for reduction of CCD images. The reduction
and corrections (for bad pixels and cosmic rays) were done by using Image
Reduction and Analysis Facility — the IRAF scripting language (ascl:9911.002)
(Tody 1986, 1993).
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The brightness of objects was determined using differential photometry with
two comparison stars with similar brightness and color to that of the object. In the
same manner, the brightness of a few control stars was determined for the every
observing night. The (comparison and control) stars are located in the object
vicinity. The stars were chosen from the Sloan Digital Sky Survey Data Release
14 (SDSS DR14) catalogue (Abolfathi et al. 2018), except for the object
1722+119 they are chosen from the set of stars proposed in paper Doroshenko et
al. (2014). We selected stars following several criteria. Out of the stars in the
objects vicinity, we chose stars which are not variable, not too bright or faint stars
(with g, r and i magnitudes outside the range 14.5 — 19.5) or not very blue or red
(outside the ranges 0.08 < r-i < 0.5 and 0.2 < g-r < 1.4), etc.

The transformation from the PSF g, r, and i magnitudes from the SDSS DR14
catalogue to the Johnson-Cousins V and R ones, was performed using equations
(Chonis and Gaskel 2008):

V =g — (0.587 £ 0.022)(g — r) — (0.011 £ 0.013)
R=r—(0.272 +0.092)(r — i) — (0.159 + 0.022).

The V and R magnitudes of the stars for the 1722+119 object are taken from the
paper Doroshenko et al. (2014). In the Table 2. are listed coordinates of objects
and their two comparison (A and B) and control stars, the V¢ and R¢ magnitudes
of stars (obtained using mentioned equations for stars from SDSS DR14, and
those from Doroshenko et al. (2014)), along with Vo and Ro (calculated
magnitudes using differential photometry) of the objects and stars.

The presented objects were observed for about three years. During this period,
brightness of two objects, 1722+119 and 1741+597, changed about 2.0 and 1.7
magnitudes in both filters, respectively. The brightness of these two objects has
the higher standard deviation. The object 1722+119 has standard deviation around
0.6 mag and 1741+597 around 0.4 mag per filter. The light curve of R magnitude
of object 1722+119 with light curves of its comparison and control stars is
presented in Figure 1. The brightness of 1535+231 and 1607+604 had changes
about 0.6 and 0.4 magnitudes in both filters, respectively. The standard deviations
are around 0.2 and 0.1, per filter, respectively. The one object 1556+335 has the
most stable brightness, the standard deviations are of the order of about of 0.01,
similar to the standard deviations of stars. The calculated values of V¢ and Rc
(input values for differential photometry) magnitudes of stars are in good
agreement with Vo and Ro, and the standard deviations of brightness of
comparison stars are similar to the ones of control.

In the paper Jovanovi¢ (2019) are presented charts of the fields of the objects
and their (comparison and control) stars. In paper Jovanovi¢ and Damljanovi¢
(2020) are presented analysis of objects brightness variability and calculated
amplitudes of their quasyperiods form the similar data sets.

25



M. D. JOVANOVIC et al.

Table 2: The coordinates, V and R magnitudes with standard errors of objects and
their comparison and control stars; period July 2016 — August 2019.

Object
No. ar20000(”)  dr20000(°) Ve xoy.(mag) Re+op.(mag) Voxoy,(mag) Ro*og,(mag)
15354231  234.31041  23.01126 18.375 £0.197  18.009 £0.214
2 (A) 234.31491 23.01831 17.200 £ 0.031 16.658 + 0.038 17.213 +0.024 16.693 +0.036
3 234.30004 23.02486 15.983 = 0.030 15.633 £ 0.031 16.000 £0.024 15.656 =0.030
4 (B) 234.25178 23.01917 16.232 + 0.024 15.867 + 0.029 16.227 +0.010 15.851 +0.017
7 234.29312  22.96096  16.470 £ 0.027 15973 £ 0.036  16.451 £0.026  15.958 +0.021
8 234.35917  23.01592  15.860 £+ 0.035 15149 + 0.050  15.841 £0.024  15.142 £0.028
1556+335  239.72993 33.38851 17.501 +0.048 17.020 +0.040
2 (A) 239.71950  33.39110  17.336 + 0.030  16.850 + 0.038  17.344 +0.031  16.895 £0.032
3(B) 239.69035 33.40959 16.381 &£ 0.027  16.095 £ 0.030 16.378 +0.013 16.074 +0.015
5 239.76798 33.38778 16.271 + 0.030 15.916 + 0.031 16.289 +0.025 15.936 +0.023
6 230.74562  33.30003  16.108 £ 0.030  15.825 £ 0.031  16.225 £0.022  15.876 £0.021
7 239.74317 33.37370 15.552 + 0.030 15.188 + 0.031 15.568 +0.022 15.223 £0.017
8 239.73398 33.37219 15.743 = 0.040 14.897 + 0.064 15.756 +0.045 14.966 =0.016
16074604  242.08560 60.30783 17.461 +0.104 17.000 £0.084
2 (A) 242.02882 60.28951 17.068 +£ 0.027  16.619 + 0.031 17.057 £0.015 16.601 £0.017
3 (B) 242.02526  60.31162  16.864 £+ 0.025  16.423 + 0.032  16.874 £0.013  16.439 £0.015
4 241.97352 60.35552 15.195 + 0.025 14.781 + 0.031 15.164 4+0.059 14.715 +0.050
5 242.00638  60.34816  15.630 + 0.031  14.965 + 0.044 15601 £0.041  14.929 +0.036
7 242.16854 60.37746 16.856 4+ 0.024 16,467 + 0.031 16.838 £0.050 16.389 +0.061
17224119 261.26810 11.87096 15.540 +0.633 15.013 +0.613
C2 261.27167  11.86997  13.173 £ 0.005 12,570 + 0.006  13.177 £0.019  12.628 £0.025
C3 261.24375 11.86636 14.078 4+ 0.012 13.600 £ 0.008 14.082 £0.020 13.629 +0.015
1 261.31208 11.89125 13.445 + 0.009 12.848 + 0.010 13.440 +0.024 12.857 +£0.024
2 (A) 261.30458  11.86519  14.823 £ 0.008  14.691 + 0.012  14.829 £0.008  14.688 £0.005
5 261.25667 11.91311 15.873 + 0.010 15.385 + 0.016 15.857 +0.043 15.378 +0.022
9 261.23333 11.87083 15.809 = 0.008 15.332 £ 0.014 15.799 +0.019 15.339 =0.018
10 261.23875 11.87083 16.142 + 0.011 15.699 + 0.019 16.134 +0.013 15.712 +0.020
C4 (B) 261.28958  11.85344  15.665 + 0.009  15.164 + 0.013  15.653 £0.017  15.169 +0.007
17414597 265.63334 59.75186 17.945 +0.372 17.545 +0.376
2 265.62329 59.75176 15.565 + 0.029 15.204 + 0.054 15.619 +0.032 15.290 +0.042
3(A) 265.57081  50.75387  16.673 £ 0.020  16.314 + 0.053  16.678 £0.014  16.331 £0.015
4 265.68412 59.76861 16.376 &+ 0.034 15.795 + 0.067 16,407 £0.029 15.840 +0.024
5 265.61457  50.79547  16.154 £ 0.031  15.704 + 0.056  16.187 £0.040  15.753 £0.024
6 265.68288 59.71901 16.126 + 0.038 15.684 + 0.064 16.137 +0.023 15.696 +0.022
7(B) 265.59766 59.71686 16.633 + 0.039 16.124 + 0.074 16.629 +0.013 16.110 +0.012

Note. (A), (B) refer to comparison stars.

3. METHODS AND RESULTS

Some of the data were rejected after applying 3-c rule. After implementation
of Shapiro-Wilk test of normality we conclude that statistical tests which require
normal data distribution can be applied.

3.1F-

test

We used the F-test to investigate the brightness variability of objects (de
Diego 2010, Gupta et al. 2017, Jovanovi¢ 2019), by comparing variances of two
data sets. The test statistic are:
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Figure 1: The light curve of R magnitude of 1722+119 and light curves of its
comparison and control stars, from July 2016 until August 2019.
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Figure 2: The light curve of color indices V-R variability during period
July 2016 — August 2019, of object 1722+119.
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Figure 3: The correlation between color indices V-R and R-band magnitude, of
object 1722+119.
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The designations O — A, O — B, and A — B refer to the differences of obtained
magnitudes of object (O) and comparison star A, object and comparison star B,
and comparison star A and B, respectively. The brightness of control stars was
investigate by using the same test statistics (O refers to the magnitude of the
control star). The variances VAR(O-A), VAR(O-B) and VAR(A-B) are the
variances of mentioned differences.

The F; (i=1, 2, 3) statistics were compared with critical values. The F; value
should be around 1, because it is expected that the variances VAR(O-A) and
VAR(O-B) should be close to each other. Tested brightness should be variable in
the same manner for both comparison stars (A and B). When the F, and F; values
are greater then critical (which correspond to the significance level 0.05 and
number of freedom N-1, where N is the number of data), the null hypothesis (non
variability) is discarded.

Results of F-test are different from in paper Jovanovi¢ and Damljanovié¢
(2020) because of the changing the selection of comparison stars (1607+604), and
after rejecting some CCD images which were obtained during bad atmospheric
conditions (1722+119 and 1741+597). The test shows that one object 1556+335 is
non variable, the F; values are almost equal 1, for V (F=1.11, F,=1.34, and
F3=1.49) and R filter (1.23, 1.22, and 1.01). The critical values are 2.17 and 1.93,
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for V and R filter respectively. For the four variable objects F; values are around 1
as it is expected, but F, and F; are greater than the critical value. The F,,3 values,
along with number of data points N, and critical values Fc (for N and a = 0.05) are
listed in Table 3, for both filters. It is noticeable that the objects with significant
brightness variability (1722+119 and 1741+597) have the higher F,,3 values. The
test shows that the brightness of control stars could be considered as non-variable.

Table 3: The F-test results.
Object Filter N Fs, F; F.

15354231 V20 31.39,36.23  2.17
R 24 1508 1714  2.01
1607+604 V23 14.09, 1410  2.05
R 27 6.69, 7.02 1.93
17224119 V22 621.18, 596.30  2.08
R 26 2833.73, 2852.28 1.96
17414597 V34 190.86, 196.33  1.79
R 40 183.66, 187.02  1.70

3.2 Color variability

We investigate the color indices V-R variations with respect to time (color vs.
time) and with respect to R-band magnitude (color versus magnitude) of the five
presented objects (variable and non variable). The data are fitted using Linear
Least Squares (LLS) fit (y=a+bx). In addition, the linear Pearson correlation
coefficients, r, were calculated

o 2-D)(-Y)
IS (-3 S-v)

where X is the time (color — time dependences) or R magnitude (color — magnitude
dependences), y is color, X and y are corresponding average values of data.

The values of the standard errors of the (LLS) fits, intercepts, a, the slopes, b,
the linear Pearson correlation coefficients, r, for color vs. time and color vs.
magnitude are reported in Tables 4 and 5, respectively.
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Table 4: The color variations with respect to time.

Object 0o at o, b+ ay r
15354231 0.084 0.347 £ 0.111 -5.36E-5 + 5.88E-5 -0.205
155643356 0.052 0.496 £+ 0.072 -6.63E-6 + 3.85E-5 -0.039
1607+604  0.067 0.587 £ 0.092 -6.02E-5 + 4.82E-5 -0.258
17224119  0.032  0.436 £+ 0.041 -2.56E-6 + 2.06E-5 -0.027
17414597  0.085 0.649 £ 0.107 -8.41E-5 + 5.53E-5 -0.260
Note. oq =stanadrd error, a = intercept, b = slope of Color indices

against J D — 2456300 and r = Pearson coefficient.

Table 5: The color — magnitude dependences.

Object oo a+ o, b=+ o T
15354231 0.076  3.468 £ 1.380 -0.178 £ 0.076 -0.472
15564335 0.047 10.300 = 4.441  -0.577 £ 0.261 -0.452
16074604 0.069 -0.788 = 3.307 0.074 £ 0.195 0.081
17224119  0.028  0.084 &= 0.148 0.023 £ 0.010  0.456
17414597  0.085 -0.552 4+ 0.743  0.060 £ 0.043  0.240

Note. oy =stanadrd error, a = intercept, b = slope

and r = Pearson coefficient.

It seems that there are no consistent systematic trends in the color variations,
as shown in Table 4 and LLS fits to the color versus time plots (one example is
presented in Figure 2). The three BL Lac objects (1607+604, 1722+119, and
1741+597) show bluer when brighter (BWB) trends (Table 5), unlike two objects
which are QSO type (1535+231 and 1556+335).

The examples of the color versus time and color versus magnitude plots, of the
object 1722+119, are presented in Figure 2 and Figure 3, respectively.

4. CONCLUSIONS

In this paper are presented results of the color variation of five objects (3 BL
Lac and 2 QSO) during a period of about 3 years. The calculated V¢ and Rc
magnitudes (used values for the differential photometry) of all comparison and
control stars are in a good agreement with magnitudes which were determined
from the observations (Vo and Ro) in line with their standard errors (see Table 2).
We applied F-test to investigate brightness variability of objects and their control
stars. The test shows that significant changes of brightness variability of stars were
not detected, and we consider that they are suitable for photometric measurements.
During period July 2016 — August 2019, only one object, 1556+335, did not show
brightness variability. In the previously published papers (Jovanovi¢ 2019,
Jovanovi¢ and Damljanovi¢ 2020) are presented amplitude of the quasyperiods of
four variable objects. In this paper in the Table 3 are presented results of F-test for
four variable objects. The two objects with higher differences between maximum
and minimum brightness have the higher test statistics than the other objects. For
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the five presented objects in Table 4 and Table 5 are listed results of analysis of
brightness color variations and color — R magnitude dependences. Two objects of
QSO type were found redder when they are brighter trends and for three BL Lac
objects bluer when they are brighter (BWB) trends. The BWB trend is a well-
observed feature in blazars especially in BL Lac object. To better determine
coefficients of fitting and understand physical process and cause of objects
variability, we need to continue with observations. It is necessary to proceed with
further observations in order to investigate variability of object brightness (the
Intra Day and Long Term variability) and color.
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Abstract. Mpy - 6* relation is the most commonly used method for the Mgy (mass of the
super-massive black hole) estimation in the AGNs (Active Galactic Nuclei) Type 2. Since
o* (stellar velocity dispersion) is in some cases diluted by the noise in AGN Type 2
spectra, it is of interest to find appropriate surrogate for 6* in some prominent AGN Type
2 spectral characteristics. Here we used the large sample of the AGN Type 2 spectra from
SDSS and try to find under what circumstances the width of the [O 111]5007 A emission
lines can be used as o* surrogate. We find that only in the case of objects with no
asymmetry in the narrow emission lines profiles, the width of the [O III] core can be used
appropriately as o* surrogate, since outflow kinematics do not affect significantly the [O
III] profile.

1. INTRODUCTION

According the Standard Unified model (Antonucci 1993, Urry & Padovani
19958S), in the center of an Active Galactic Nuclei there is a super-massive black
hole (Mgi>10° Msun) surrounded by the accretion disc and high velocity gas of
the Broad Line Region (BLR), where broad emission lines arise. Around BLR
there is a torus of the dust, and out of the dusty torus, there is the Narrow Line
Region (NLR), where the narrow emission lines arise. The AGNs Type 2 are
observed through dusty torus (edge-on), which covers the broad emission lines
from BLR, so only the narrow emission lines can be seen in their spectra. On the
other hand, in the spectra of the AGNs Type 1, which are observed under higher
inclination angle, both the narrow and the broad emission lines can be observed.

The estimation of the Mgy is of the great importance for investigation of the
AGN:ss, their structure and evolution, as well as co-evolution with the host galaxy.
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The commonly used method for Mgy estimation is Mgy - o* relation (see e.g.
Tremaine et al. 2002), where o* is the velocity dispersion of the stars located in
the bulge of the host galaxy, which are strongly gravitationally bounded to the
Mpgy. o* is measured using the width of the stellar absorption lines in AGN
spectra. The problem is that 6* is not always well measurable in Type 1 AGNs
spectra due to strong luminosity of the AGN continuum, while in Type 2, it could
be diluted by the noise. Taking into account that Mgy - o* relation is the only
method for the estimation of the Mgy for the Type 2 AGNs, it would be very
useful to find some prominent spectral property that can be used as the surrogate
for the o*.

There were numerous attempts to find the surrogate for the o* in Type 1
AGNs, using the width of the narrow emission lines (see Nelson 2000, Shields et
al. 2003, Grupe & Mathur 2004, Greene & Ho 2005, Bonning et al. 2005,
Salviander & Shields 2013). However, setback for larger application of this
method is the large scatter between o* and width of the narrow emission lines of
Type 1 AGNSs.

Nelson & Whittle (1996) noticed that there is lower correlation between c*
and the [O III] 5007 A wings, than with the [O III] 5007 core. Recently, several
analysis of the complex NLR kinematical structure are done, using the large
samples of the AGNs (Woo et al. 2016, Eun et al. 2017). They showed that the
narrow emission lines can be decomposed to the two components: one is the core
component of the line, which arises from gravitationally bounded gas, and the
other is the non-gravitational, wing component of the line, which arises in the gas
outflow. It is of the great importance to correctly separate the gravitational from
non-gravitational narrow line component, in order to find the good surrogate for
the o*.

In this work we analyze the sample of the AGNs Type 2, in order to find the
subsample in which the width of the narrow lines can be used as appropriate
surrogate for the o*.

2. THE SAMPLE AND ANALYSIS

For this research, we obtained the sample of the 525 AGNs Type 2, taken
from the SDSS, DR14, with high signal-to-noise ratio, S/N>20. After reddening
and redshift correction, we performed spectral principal component analysis in
order to subtract host galaxy contribution (see procedure in Lakicevi¢ et al. 2017).

We fit the [O IIIJAL 4959, 5007 A narrow lines with two component model:
one Gaussian for the core, and another for the wing (see Fig 1). We found that in
26% of objects from the sample there is no any asymmetry in the [O III] line
profiles, i.e. [O III] emission lines can be fitted with only one, core Gaussian
component (see Fig 1, left). In the rest of the sample (~74%), the asymmetry is
present in the [O III] profiles, so these emission lines are fitted with two Gaussians
(core + wing component, see Fig 1, right).
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Therefore, the initial sample of the 525 AGNs Type 2 is divided into two
subsamples according to the strength of the outflow which is reflected in the
strength (width and shift) of the wing components of the narrow emission lines.
The first subsample consists of the 135 Type 2 AGN spectra, in which there are no
wing components in narrow emission lines, and the other subsample consists of
391 AGN spectra, in which the wing (outflow) components are present in [O III]
lines.
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Figure 1: The example of the fit of object with no asymmetry in [O III] line
profile (left), and with present asymmetry in [O III] line profile (right).

3. RESULTS AND CONCLUSIONS

The recent investigations of the NLR kinematics (Woo et al. 2016, Eun et al.
2017) suggest that, in order to avoid the outflow influence to the line width, wing
component should be subtracted from the [O III] profile, and only the core
component should be used as surrogate for the o*. Here we investigate if there is
some influence of the outflow kinematics, not only in the wings, but also in the
core components as well. We compared the widths of the [O III] core components
with the o*, for both subsamles. We found that correlation between widths of [O
IIT] core components and ¢* is significantly stronger for subsample with absent
wing components (r = 0.70, P = 0), than for the subsample with strong wing
components (r = 0.29, P = 1.7E-6). The correlations are shown in Fig 2a, b. Also,
we compared the [O III] luminosity with the width of the [O III] core component
for the both subsamples, and we colored the symbols with diverse colors for
different Mpy(c*) bin intervals (Mpy is estimated using My - 6* relation given in
Woo et al. 2015). In the subsample with absent wing components, correlation
between these two parameters is stronger (r = 0.53, P = 4.4E-11), and it could be
seen that L [O III] and width of the [O III] core component are both indicators of
the Mpy(c*) (see Fig 3a). For subsample with present wing components, there is
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only weak trend between these two parameters, and they are not correlated with

Mpy(c*) (see Fig 3b).

w
a
t=}

300 . g
r=0.70 . " .
2504 pzg : . o " 1
- '. .,
200 _..:l__ Foampny . A
l...lll .
(L] 'H'#‘- L
150 wilaund S " 1

100+ q

width of [Olll] core component (km 5_1)

o
[=}

T T T
50 100 150 200 250

width of [O IlI] core component (km s")

400

350

300+

250+

200+

150 4

100

50

T
50

T
100

T
150

o* (km s'1)

T
200

T
250

300

Figure 2: The correlation between ¢ * and width of [O III] line core component
for the subsample with no asymmetry in [O III] line profile (a), and for subsample
with present asymmetry in [O III] line profile (b).

As it can be seen from these correlations, the width of the [O III] core component
is better surrogate for 6* in the subsample with absent outflows, and consequently

better Mpy indicator.

This implies that in the case when outflow kinematics is strong in spectra
(strong wing components in narrow emission lines), there is probably some
influence of the outflow in the narrow core component as well. These results are
in accordance with the results obtained from spatial spectroscopy of the several
AGNs Type 2 by Karouzos et al. 2016. They found that outflows contribute, not

only to the wing, but also to the [O III] core component.
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component for the subsample with no asymmetry in [OIII] line profile (a), and for
subsample with present asymmetry in [O III] line profile (b).
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Our results point out that Mgy estimation using the width of the [O III] core as
surrogate for the o* can be applied for the AGNs Type 2 with absent wing
components (with no asymmetry in emission line profiles), in order to get accurate
Mgy estimation. In the case of the AGNs Type 2 with significant emission line
asymmetry, this method should be taken with the caution because of the large
scatter caused by the outflow influence.

Our future investigation will be directed to the analysis of the other emission
lines in AGN type 2 spectra, in order to check if there are some emission lines
which are less affected with outflow kinematics than [O III] lines, and therefore
better o* surrogate.
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Abstract. We discuss the baryon asymmetry value generated for 70 sets of parameters of
the Scalar Field Condensate Baryogenesis (SFC) model in different inflationary scenarios
and for different reheating scenarios. In previous paper we have found sets of SFC model’s
parameters, for which the observed value of the baryon asymmetry of the Universe can be
successfully generated in the following inflationary scenarios: modified Starobinsky
inflation, chaotic inflation in SUGRA and chaotic inflation in case of delayed
thermalization. Here we expand our analysis to study baryon asymmetry generation in
quintessential inflation. We have found several sets of parameters of SFC baryogenesis
model for which successful baryogenesis is possible in case of quintessential inflation. On
the contrary new inflation, Shafi-Vilenkin chaotic inflation and MSSM inflation lead to
baryon asymmetry generation by several orders of magnitude higher than the observed
one.

1. INTRODUCTION

In this work we present an update of our results concerning the generation of
baryon asymmetry in Scalar Field Condensate (SFC) baryogenesis model (first
studied in Dolgov and Kirilova (1990, 1991) in different inflationary scenarios and
for different possibilities of the reheating after inflation. Preliminary results on
these issues were presented in Kirilova and Panayotova (2019).

SFC baryogenesis model is among the preferred baryogenesis models today
because it allows the generation of the baryon asymmetry of the Universe to
proceed at lower energies, thus it is compatible with inflationary paradigm and
also evades the problem of overabundance of gravitino and of magnetic
monopoles. According to SFC baryogenesis model the baryon excess B is
contained in baryon charge carrying scalar field ¢, which transfers it to quarks
during its decay. The baryon excess is generated at earlier epochs due to B-
violating terms in the potential of ¢.
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An important feature of this model is that after inflation ¢ oscillates around its
equilibrium point and its amplitude decreases due to the Universe expansion and
the particle creation caused by the coupling of the scalar field to fermions gof;f;,
where g*/4n = agur (Dolgov and Kirilova 1990; Kirilova and Panayotova 2007).
Hence, the baryon charge B, contained in ¢ condensate, is reduced due to particle
production at the high energy stage, where BV is considerable. If the rate of
particle creation I' is a decreasing function of time, the damping is slow and B
survives until the decay of ¢, when B is transferred to fermions. The generated
baryon asymmetry strongly depends on o.In this work we have accounted for the
particle creation process numerically.

The produced baryon asymmetry depends on the baryon excess B, the
reheating temperature of the Universe Tr and the value of the Hubble parameter at
the inflationary stage H;. Hence, there is a big variety of possible H; and Ty values
following from different inflationary and reheating scenarios.

Today there exist numerous inflationary models. Besides the reheating process
at the end of the inflationary stage may have proceeded through perturbative and
nonperturbative mechanisms (Traschen, Brandenberger 1990; Dolgov, Kirilova
1990; Kofman, Linde, Starobinski 1994) and also through different decay
channels and different decay rates of the inflaton and different thermalization
(instant or delayed). The efficient or delayed thermalization were discussed in
(Mazumdar, Zaldivar 2014).

2. INFLATIONARY SCENARIOS, REHEATING AND BARYOGENESIS

We have analyzed the baryon asymmetry generation in SFC baryogenesis
model for more than 70 sets of parameters of the SFC model, presented in detail in
(Kirilova, Panayotova 2015; Kirilova, Panayotova 2014). The studied ranges of
the models parameters were: H;= 10" - 10'° GeV, m = 100 - 1000 GeV, o.= 10~ —
5.10% ;=107 -5.107

Now there exist numerous models of inflation (Martin, Ringeval, Vennin,
2014). In our previous work we have discussed the following inflationary
scenarios: new inflation, chaotic inflation, Shafi-Vilenkin chaotic inflation,
chaotic inflation in SUGRA, Starobinsky inflation and MSSM inflation. It was
found that there exist possibility for generation of the baryon asymmetry with
similar to the observed value Bo,s = 6.10™"° , where f~BTy/H,, for the following
models: the simplest Shafi-Vilenkin model (Shafi, Vilenkin 1984) in chaotic
inflation for Tr = 10" - 10" GeV again in case of delayed thermalization;
modified Starobinsky inflation (Starobinsky 1980) for T = 10° GeV, H; = 10"
GeV, for the efficient thermalization and chaotic inflation in SUGRA
(Nanopoulos, Olive, Srednicki 1983) Tr > 10° GeV. All other considered models
were shown to produce baryon asymmetry many orders of magnitude bigger than
the observed one.

Here we consider quintessential inflationary models (Peebles, Vilenkin 1999),
which are among the preferred inflationary models today, because they allow
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simultaneous explanation of the inflationary expansion at the very early universe
and the accelerated expansion of the Universe at late epochs using a single scalar
field potential:

V=20 + MY, §<0

V =M¥(¢* +M*), $>0

At ¢>>M this is a chaotic inflation potential, at . p<<M it is a quintessence
form, A~ 10."*. Some model modifications were provided recently to obtain
agreement with the Plank18 observational data

We have considered different types of reheating after inflation, in particular
models with instantaneous and with delayed thermalization were analyzed. We
have found that in quintessential inflation for Tg = 2. 10° GeV, H;= 10" GeV there
exist several realizations of the SFC baryogenesis model with successful
production of the observed baryon asymmetry value, namely for m = 350 GeV and
o = 107 and the following range of models self-coupling parameters: A; = 10~ —
5.10% A, =k =107 -5.10".

Thus, the numerical analysis of SCF baryogenesis model in quintessential
inflationary model predicts successful generation of the observed baryon
asymmetry of the Universe for several sets of SCF model parameters.

Planck missions releases have put constraints on the inflationary models.

It is interesting that most of the inflationary models in which successful SCB
baryogenesis is possible are also among the observationally preferred ones by the
latest Planck data.
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Abstract. The sources of gravitational waves, observed by the LIGO and Virgo detectors,
have been linked with mergers in binary systems (Abbott et al. 2019). Those systems are
consisting of compact objects - black holes and/or neutron stars. Progenitors of those

systems are massive binary systems and initial masses of above ~30 M @ are needed for the
formation of double black holes. We present examples of evolutionary models of massive

binary systems with initial masses around 30 M@ and we follow their evolution until the
primary stars form an iron core. The initial orbital period is set at 3 days and the initial
mass ratio is 0.9. Those models are calculated with the MESA (Modules for Experiments
in Stellar Astrophysics) stellar evolution numerical code. We find that primary stars in
those systems evolve into neutron stars.

1. INTRODUCTION

Recent discovery of gravitational waves by the LIGO and Virgo
collaborations (Abott et al. 2019) has linked those events with mergers in double
compact binary systems, consisting of neutron stars and/or black holes, the end
products of stellar evolution in massive close binary systems. Initial masses of

above ~30 M@ are shown to be necessary to produce black hole relics (Kruckow
et al. 2018).

The primary star in a binary system, the component with the greater mass,
evolves faster than the secondary and through envelope expansion may reach the
radius of its Roche lobe and starts transferring mass onto the secondary star. This
process is called Roche Lobe Overflow (RLOF). A star in a binary can reach its
Roche lobe radius during different phases of evolution: core hydrogen burning,
shell hydrogen burning or after the onset of central helium burning, corresponding
respectively to Case A, B and C of mass transfer. However, in case there is a mass
transfer during the core hydrogen burning — Case A, mass transfer during the shell
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hydrogen burning phase is called Case AB. Case ABB is then the third mass
transfer that takes place after helium core burning is completed.

Evolutionary models of massive binary stars, evolving via the stable mass
transfer channel and considering different accretion efficiencies, have been
presented by many authors (for example De Greve and De Loore 1992, Pols 1994,
De Loore and Vanbeveren 1994, Wellstein and Langer 1999, Wellstein et al.
2001, Petrovic et al. 2005). Wellstein et al. (2001) have shown that the initial mass
ratio in massive binaries should be near unity, otherwise the system evolves into a
contact, or in other words, the secondary star expands due to accretion and both
stars fill their Roche lobes. Petrovic et al. (2005) have modeled progenitor
evolution of observed Wolf Rayet + O binary systems an they found that the most
likely evolution is via Case A mass transfer with accretion efficiency of only 10%.

Double compact objects are relics of massive binary star evolution.

Such binary systems start as double O-type stars and evolve through multiple
interactions in their lifetimes, transferring matter and angular momentum from one
to another. Those systems evolve through a Wolf-Rayet + O phase and survive
two supernova explosions. The orbits of massive close binaries are most probably
tidally circularized and eccentricity is not an important parameter to consider
(Hurley 2002).

In this paper, we present the calculations of the evolution of the initial binary

systems: 30 + 27 M@ and 32 + 28.8 M@, both with initial orbital period of 3 days
and initial mass ratio of 0.9. We follow the evolution of the primary star through
three Roche lobe overflows (Case A, AB and ABB) until iron core formation.

2. MODELS

For the calculation of the evolution of binary models presented in this paper,
the MESA (Modules for Experiments in Stellar Astrophysics) code was used

(Paxton et al. 2011, 2013, 2015, 2018). Models with initial masses 30 + 27 M@

and 32 + 28.8 M, both with initial orbital period of 3 days and initial mass ratio
of 0.9 are presented. Metallicity is set to 0.02.

The MESA code calculates simultaneously the evolution of both stars within a
binary system. Mass transfer happens via the L, Lagrangian point and its rate is
calculated according to the Ritter scheme (Ritter 1988). The composition of
accreted material is identical to the donor’s current surface composition. It is
assumed that the mass lost in the stellar wind has the specific orbital angular
momentum of its star. For the case of inefficient mass transfer, angular momentum
loss follows Soberman et al. (1997) where fixed fractions of the transferred mass

are lost as a fast isotropic wind. Stellar wind mass loss is calculated according to
Vink et al. (2001).
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3. RESULTS AND DISCUSSION

The modeled binaries start their evolution as detached systems with an orbital
period of 3 days and evolve through three mass transfers. We follow the evolution
of the binary systems until iron core formation in the primary stars.

The primary stars in both binary systems (30 + 27 M@ and 32 + 28.8 M) fill
their Roche lobe first time during the core hydrogen burning phase. At this time
they still have about 30% of hydrogen left in their cores. During Case A mass

transfer, the primary stars lose a significant amount of their mass (about 15 Mg).
The secondary stars accrete only 10% of the mass lost by the primaries, and due to
the high stellar wind mass loss, they actually slightly decrease their initial masses.
After the core hydrogen burning phase, the primary stars expand, mass transfer
starts again and lasts until the primary stars ignite helium in their cores. Finally,
after the core helium burning phase, there is one more expansion of the primary
star that leads to Roche lobe overflow.

log mtr [Ms/yr]

)

30 25 20 15 10
ml [Ms]

Figure 1: Mass transfer rate as a function of the primary mass in binary systems

30 + 27 M@ (blue solid line) and 32 + 28.8 M@ (orange dashed line), both with
initial orbital period of 3 days and accretion efficiency of 10%.
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Figure 1 shows the mass transfer rate in modeled systems as a function of the
primary mass. The first mass transfer (Case A) starts when the primary stars are

28.8 and 30.5 Mg, slightly less massive than initially due to the stellar wind mass
loss. After Case A mass transfer, the primary masses are 14.7 and 16.2 M@. The
corresponding secondary masses are 26.9 and 28.4 M. When the core helium
burning phase starts, the primary masses are 8.4 and 9.2 M@ and the secondary
masses are 27.4 and 29.0 M.

The mass transfer rate during Case A in both systems is in the order of

magnitude of 10 M@/yr in its maximum. During the following mass transfer, it
reaches a value one order of magnitude higher. The last peak on this plot
represents the beginning of the last mass transfer. At the same time, an iron core is
formed in the primary stars.

During the evolution from the main sequence to the formation of the iron core,
the orbital period increases from the initial 3 days to 7.7 and 7.6 days during Case
A mass transfer and to 27.1 and 26.8 days during the subsequent mass transfer.

log mtr [Ms/yr]

-10

7.5 8.0 8.5 9.0 9.5 10.0
log Tc [K]

Figure 2: Mass transfer rate as a function of the primary star central temperature

in binary systems 30 + 27 M@ (blue solid line) and 32 + 28.8 M (orange dashed
line), both with initial orbital period of 3 days and accretion efficiency of 10%.

Figure 2 also shows mass transfer rate, but as a function of the central

temperature of the primary star. Here we can clearly see three mass transfer phases
for both systems. The last mass transfer starts after helium core burning is
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completed and it corresponds with a fast increase of the central temperature
accompanied by the formation of a carbon, oxygen, silicon and iron core in the
primary stars in the modeled systems.

30 8

miM g

eps_nuc

£ {Myr)

Figure 3: Convective plot of the primary star in binary system 30 + 27 M@ for
initial orbital period of 3 days and accretion efficiency of 10%. X-axis shows time
and y-axis shows stellar mass. Top black line presents the mass of the primary.
Blue regions mark nuclear burning zones, darker shades indicate large intensity.
Green diagonally hatched areas indicate convection zones. Blue dotted line
presents mass of helium core and red dotted line mass of carbon-oxygen core.

Figure 3 shows a so-called Kippenhahn plot of the internal structure evolution

of the primary star in the system 30 + 27 M@. The top black line presents the mass
of the primary. At the age of about 4 million years and 5.6 million years, large
mass loss due to mass transfers is visible. The helium core is formed at about 5.6

million yeas and its mass is 8.14 M@, the carbon-oxygen core is formed at about
6.2 million years with a mass of 5.41 Me.
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Figure 4: Core masses as a function of central temperature for primary stars in

binary systems 30 + 27 M@ (thick lines) and 32 + 28.8 M@ (thin lines) with initial

period of 3 days and accretion efficiency of 10%. Helium core mass is presented

with a blue line, carbon with orange, oxygen with green, silicon with red and iron
with a purple line.

In binary system 32 + 28.8 M@, the masses of the helium and CO cores are
slightly larger due to the larger initial mass of the primary. Figure 4 shows helium,
carbon, oxygen, silicon and iron core masses as a function of central temperature
in primary stars for both binary systems. The mass of the helium and carbon-
oxygen core in binary system 32 + 28.8 M@ are 8.87 and 6.04 M@ respectively.
Both presented primary stars have a final carbon-oxygen core less massive than
6.5 M@, which indicates that they evolve into neutron stars after an iron-core
collapsing supernova explosion (Kruckow et al. 2018, Tauris et al. 2015).

4. CONCLUSIONS

In this paper, we present evolutionary paths of primary stars in two massive

binary systems: 30 + 27 M@ and 32 + 28.8 M@ with initial orbital period of 3
days and accretion efficiency of 10%. Initial parameters and accretion efficiency
value are selected based on the progenitor models of Wolf-Rayet + O observed
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binary systems by Petrovic at al. (2005) and evolutionary models by Wellstein et
al. (2001).

The presented calculations follow the evolution of two massive binary systems
until the primary forms an iron core. Subsequently, the primary will explode as a

supernova and leave a neutron star as a relic (CO core mass < 6.5 Mg). If the
binary system remains bound after this SN explosion (type Ib/c), it will eventually
be observable as a high-mass X-ray binary (HMXB).

After some time, the secondary star expands enough to fill its Roche lobe and
starts transferring mass onto the neutron star. The system may become
dynamically unstable and enter the so-called common envelope (CE) phase. In this
phase, dynamical friction of a neutron star inside an envelope of a secondary star
results in a large orbital momentum loss and a decrease in orbital period.
Eventually, the secondary star also explodes as a supernova, leaving a compact
object as a relic.

In the cases of the calculated systems, at the time of the supernova explosions
of the primary stars, secondaries, that are still core hydrogen burning stars, have

masses of about 27 and 29 M@ . Those masses indicate that the presented systems
likely evolve into double neutron stars. If their orbital periods stay relatively short
after the second supernova explosion, such double compact binary systems
eventually merge and give rise to powerful emission of gravitational waves.
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Abstract. Clues to understand physics and evolution of molecular clouds can be provided
through analysis of the probability density functions of mass density (p-pdf) and of column
density (NV-pdf). Many numerical simulations show that a power-law tail (PLT) emerges at
the high-density end of the p-pdf at advanced evolutionary stages of star-forming clouds.
Later, at the stage of collapse of first formed protostellar cores, a second, shallower PLT
appears (Kritsuk et al. 2011). Double PLTs have been also detected in N-pdfs from
Herschel maps in several star-forming regions (Schneider et al. 2015, 2020).

However, it is difficult to estimate the parameters of the second PLT due to resolution
constraints. We propose a technique for extraction of a second PLT in p/N-pdfs which is
an extension of the method of Veltchev et al. (2019) for extraction of single PLTs from
arbitrary density distributions. The technique is applied to a set of hydrodynamical
simulations of isothermal self-gravitating clouds. The results confirm the emergence of a
shallower second PLT in p-pdfs at timescales, comparable with the free-fall time of the
average density in the box. Second PLTs are detected also in N-pdfs derived from
Herschel maps of a low-mass (Pipe) and high-mass (M 17) star-forming regions.

1. INTRODUCTION

Stars are born in molecular clouds (MCs), therefore the study of star formation
requires understanding of the morphological and kinematical evolution of MCs.
Initial stage of cloud formation is the compression of interstellar warm atomic gas
by supersonic flows followed by rapid cool down due to non-linear thermal
instabilities (see Ballesteros-Paredes et al. 2020, for a review). Stars begin to form
when self-gravity in the cloud takes slowly over and local sites of gravitational
collapse emerge. This evolution could be described in terms of detection and
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physical parameters of substructures (clumps, cores) or in terms of indicators of
general structure.

An important indicator of general cloud structure is the probability distribution
function (pdf) of mass density (p-pdf) and its analysis can give clues to understand
the physics and evolution of the cloud. From observations, one could derive the
pdf of column density (N-pdf), which turns out to be morphologically analogous
to the p-pdf. In isothermal, non-gravitating fluids with well developed supersonic
turbulence the p-pdf is mostly lognormal (e.g. Vazquez-Semadeni 1994, Li,
Klessen and Mac Low 2003, Federrath et al. 2010), i.e. can be fitted by lognormal

function of type:
p(s)yds = ! exp —l(m) ds,
V2no? 2 o

where s=log(p/py) and sn.x are the logdensity (with normalization to the mean
density po) and its value at the distribution peak and o is the standard deviation.
This result was confirmed by numerous simulations. At advanced evolutionary
stages, when self-gravity becomes important in the energy balance in the cloud, a
power-law tail (PLT) with functional form

p(s) = Aexp(qs) = A(p/py)" . 5= spp,

emerges at the high-density end of the pdf, where 4 is a constant, ¢ is the power
index and the deviation point (DP) spr from lognormality separates the two
regimes (Klessen 2000, Kritsuk, Norman and Wagner 2011, Federrath and
Klessen 2013). The evolution of the N-pdf turns out to be morphologically similar
(see, e.g, Ballesteros-Paredes et al. 2011, Koertgen, Federrath and Banerjee 2019).
Example of a pdf with main lognormal part and a PLT is shown in Fig. 1.

PDF

7 10% 10% 10* 10® 102 10" 10° 10

Column density [ glcmz]

107

Figure 1: N-pdf derived from a run of the SILCC (SImulating the LifeCycle of
molecular Clouds) simulations (Girichidis et al. 2018).

In the course of further MC evolution the main part of the p-pdf retains its
(quasi-) lognormal shape. On the other hand, the slope of the PLT gets slowly
shallower, tending toward a constant value while DP shifts to lower values.
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Some numerical studies with high resolution (reaching down AU scales) hint
at emergence of a second PLT at advanced evolutionary stages of star-forming
clouds. For instance, Kritsuk et al. (2011) found that the density distribution in
self-gravitating clouds develops an extended PLT with a slope of about —1.7 at
high densities on top of the usual lognormal. The tail departs from the initial
lognormal distribution already at p/py ~ 10 and continues straight for nearly 10 dex
in p(s) and more than 6 dex in density. As the simulation progresses, the slope
continues to evolve slowly toward shallower values reaching ¢g=—1.67 at the end
of the simulation. An even shallower tail is detected at densities p/py > 10”. This
might indicate mass pile-up due to an additional support against gravity due to
conservation of angular momentum (rotation of prestellar cores), strong magnetic
fields in the densest parts of MC, change in the equation of state (non-
isothermality; see Donkov et al. in this issue) or all these factors.

2. EXTRACTION OF POWER-LAW TAILS OF THE PDF

There is a methodological problem with the extraction of the PLT: its
characteristics and those of the lognormal fitting function are obviously
interdependent. Let us review the usual procedure to extract the PLT: (i) Find the
best lognormal fit of the main pdf part (e.g. using the ¥* goodness); (ii) Estimate
the DP of the distribution from the lognormal fit (e.g. using the 3o criterion, where
o is the Poissonian data uncertainty in the considered bin). (iii) Fit the rest of the
distribution with a PL function. Such an approach rests on the assumption that the
main pdf part is lognormal and thus the resulting DP and the PL slope depend on
the parameters of the lognormal fit. However, if the PL regime is to be interpreted
as a signature of the impact of self-gravity, then the slope value is an indicator of
the cloud's evolutionary stage. We need a method to extract the PLT on minimal
assumptions about the rest of the density distribution.

Such approach was recently proposed by Veltchev et al. (2019; hereafter V19)
and named adapted BPLFIT method. The power-law fit of a distribution (or part of
it) is derived by use of Kolmogorov-Smirnov (KS) goodness-of-fit statistics. The
procedure does not rule out that other, non-power-law, functions might better fit
the observed distribution — it simply derives the range and the slope of the best
possible power-law fit. This method can deal with large datasets of size < 10°
points from numerical simulations and high-resolution imaging of MCs and is
applicable to linear, logarithmic and arbitrary binning schemes. Average slope and
DP are derived as the number of bins is varied and are not sensitive to spikes and
other local features of the distribution's tail.

3. TECHNIQUE FOR EXTRACTION OF A SECOND POWER-LAW TAIL
The adapted BPLFIT method can be elaborated further for detection of a

second PLT (if present). The PLFIT procedure searches for the PLT of the
considered PDF by use of the KS statistic for given lower cutoff x,,, :
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D = max |S(x;) — P(x;)|

Jcrzxmin

where S(x;) is the cumulative distribution function (CDF) of the data and P(x) is
the CDF of the best-fitting power-law model in the range x; > x,,;,. The value of x;
> Xmin Which minimizes D and the corresponding power-law index are selected as
DP and slope of the PLT, respectively. If no lower cutoff is introduced, X, is
simply the lower limit of the data set (in our case, the minimal logdensity) — V19
extracted PLTs from numerical and observational PDFs in this way. Gradual
increase of x.,;, constrains the considered data set and, hence, the set of values
IS(xi) — P(x;)| to obtain the KS statistic. In particular, such approach may help to
detect a second PLT corresponding to higher logdensities, for some x,;,, which
exceeds the DP of the single (first) PLT.
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Figure 2: Illustration of the suggested method for extraction of two PLTs as
applied to an analytic binned PDF (top panel; solid) with main part fitted by
lognormal function (dotted) and two PLTs.

Bottom panel displays the function |S(x) — P(x)| (see text).
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To illustrate this we construct an analytic PDF (Fig. 2, top) whose shape and
parameters resemble the one obtained in the numerical study of Kritsuk et al.
(2011). The main part is lognormal while the high-density one consists of two
PLTs with deviation points DP, and DP, and slopes ¢; = —1.5 (typical for evolved
self-gravitating clouds, Girichidis et al. 2014) and ¢, = —1.

An example of the function |S(x) — P(x)| for a large total number of bins (i.e.
small bin size) is shown in Fig. 2, bottom. As expected, the value of |S(x) — P(x)| is
large in the range x < DP; which defines the lognormal part of the PDF. The
deviation points of the two PLTs correspond to pronounced local minima, with a
local maximum located in between. As long as x,,, < DP; , the adapted BPLFIT
will extract a single PLT with DP = DP; and slope ¢; (Fig. 3). Choices of lower
cutoffs x,;, [J DP; still yield a single PLT with gradually changing parameters.
The second PLT with DP = DP, will be detected at a cutoff with |S(xmin)—P(Xmin)]
1 |S(DP,) — P(DP,)| (arrow and dotted line in Fig. 2, bottom) — then the procedure
selects x; = DP; (cf. Fig. 3) since with this choice the local maximum at pjpy ~ 4 x
10* is excluded.
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Figure 3: Dependence of the extracted PLT parameters on the chosen lower cutoff
of the tested PDF (cf. Fig. 2).
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In the next two Sections we present tests of the suggested method to numerical
and observational data.

4. RESULTS FROM NUMERICAL DATA: DENSITY PDF

We use data from a set of 6 hydrodynamical simulations of self-gravitating
clouds called HRIGT (High-Resolution Isothermal Gravo-Turbulent). The size of
the numerical box is 0.5 pc, about the scale of typical large clumps in MCs. The
complexity in physical modeling is reduced in favor of higher resolution and
significantly higher adaptive refinement (from 256> up to 32768 cells) — thus the
resolution can reach ~3 AU in high-density zones. The gas is isothermal (7=10 K)
and uniformly distributed at the initial point in time. The total mass in the box is
chosen to be 85 and 426 Mo in the different runs which corresponds to 32 and 354
Jeans masses (M;y). The initial turbulent velocities are constructed in Fourier
space with a peak of the power spectrum at k = 2, i.e. half of the box size. We
distinguish between purely compressive, purely solenoidal and naturally mixed
velocities (Federrath, Klessen and Schmidt 2008).

The chosen HRIGT runs differ in total mass, realizations of velocity field,
turbulent driving and duration in units of free-fall time #x. In general, the runs with
total mass of 354 M, have been stopped at earlier points in time (<1.5 #).
Therefore one would expect that in those cases the extracted PLTs in the mass-
density pdf will be steeper. Fig. 4 demonstrates that this is indeed the case in
regard to the first PLT. The obtained slopes are in a good agreement with the
theoretical limit g~—1.5 for evolved self-gravitating clouds substantiated by
Girichidis et al. (2014).
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Figure 4: Comparison between the slopes of the extracted first and second PLT
from the HRIGT simulations: with 32 (open circles) and 354 (filled circles) Jeans
masses. The corresponding final values from Kritsuk et al. (2011; dashed) and the

limiting value from Girichidis et al. (2014; dash-dotted) are plotted.
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In regard to the second PLT, all HRIGT runs yield similar results, independent
on the total mass in the box. The slopes are around -1 (and even shallower) which
confirms the result of Kritsuk et al. (2011).

5. RESULTS FROM OBSERVATIONAL DATA: COLUMN-DENSITY PDF

We test the method also to N-pdfs from Herschel observations of several star-
forming regions. The results for two of them are shown in Fig. 4. The original
maps of dust emission were obtained at four wavelengths with the instruments
PACS and SPIRE: 160, 250, 350, and 500 um (see Schneider et al. 2010, 2012, for
details) and convolved to a common angular resolution of 36 arcsec.

The PLT parameters of the first slope are consistent with the results from
other numerical studies. On the other hand, N-pdfs derived from observations of
regions with star-forming activity display pronounced PLTs of slopes —2 >n > —4
(Schneider et al. 2013, 2015a; Pokhrel et al. 2016), also in agreement with our
results on the PLT evolution from the HRIGT runs.

The slope n of the N-pdf should be related to ¢ as:

n=2q/(3+¢q),

assuming that that the general cloud structure can be described through a power-
law density profile (see Donkov, Veltchev and Klessen 2017, and the references
therein). Plugging ¢~—1.5 (Girichidis et al. 2014) typical for advanced
evolutionary stages in the formula above we get slopes n, of the second PLT in
general agreement with the extracted ones from Herschel maps (Figs. 5 and 6).
We conclude that the adapted BPLFIT method extracts PLTs of the p-pdfs and N-
pdfs with slopes which are mutually consistent.

. ny=-4.70 + 0.13
10 W, ny=-2.42 +0.05
5 c‘ *
10 . .
5 10° ",
a “ees
10° | o
10°
1 N o
10 Pipe . °
05 0 05 1 15 2
Ig(Ay/(A))

Figure 5: N-pdf with two PLTs from a Herschel map of the low-mass Galactic
star-forming region Pipe. Open circles denote bins which were excluded from
consideration due to the poor statistics.
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Figure 6: The same like Fig. 5 but for the high-mass
Galactic star-forming region M17.

6. CONCLUSIONS

We present a novel approach for extraction of second power-law tails (PLTs)
of the density (p-pdf) or column-density distribution (N-pdf) in star-forming
clouds. The method is an extension of the adapted BPLFIT technique and was
tested on data from numerical simulations of star-forming clouds at clump scale
(0.5 pc; self-gravitating isothermal medium) and on observational data from
Herschel. Our conclusions are as follows:

e The adapted BPLFIT method can be successfully extended to

detect a second PLT.

e The test of this approach on numerical data with high
resolution (HRIGT) yields PLT parameters in agreement
with theoretical and numerical studies (Girichidis et al.
2014, Kritsuk, Norman and Wagner 2011).

e The application of the method on N-pdfs from Herschel
data indicates the existence of a second PLT in N-pdfs in a
dozen star-forming regions of different mass. (Schneider et
al. 2020).

e A thorough comparison between the output of the methods
from p-pdfs and N-pdfs from numerical data would shed
light on the relationship between the slopes of the extracted
PLTs.
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Abstract. The observed hierarchical structure in star-forming regions can be traced in
terms of the fractal dimension. The latter is often defined as D=log N/ log L where N is
the number of fragments at given level and L is the scaling factor to the upper level. Such
approach requires appropriate clump-extraction technique. An alternative approach is to
explore the power-law exponent D), of the mass-size relationship log(M)ocD,,log(L) where
the scales L are defined in an abstract way (Beattie et al. 2019). We propose a method to
derive this mass dimension Dy, by use of the clump extraction technique DENDROGRAM
(Rosolowsky et al. 2008). The method is applied to samples of dendrogram objects from
integrated-intensity maps of *CO and "*CO emissions and to dust-emission (Herschel)
maps of the molecular cloud Rosette. The obtained scaling dependence of Dy, is in general
agreement with the numerical study of Beattie et al. (2019) for typical Mach numbers in
molecular clouds and hints at the multifractal structure of Rosette.

1. INTRODUCTION

Observational studies of molecular clouds (MCs) in star-forming regions
reveal complex sets of substructures: sheets, clumps, filaments and cores. Analysis
of high-resolution maps shows that the filaments often contain dense prestellar
cores of size ~0.1 pc (Andre et al. 2014) while most of the larger clumps are
further decomposed to embedded condensations (see Bergin and Tafalla 2007, for
review). This hierarchical, fractal cloud structure is crucial for understanding of
the star formation process. Often used approaches to quantify it are studies of
relationships mass vs. size and velocity dispersion vs. size in a power-law form
interplay (Larson 1981, Heyer and Brunt 2004, Heyer et al. 2009) or derivation of
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the fractal dimension in the cloud (Elmegreen and Falgarone 1996, Elmegreen
1997).

The choice of clump-finding method may influence significantly the analysis
of fractal structure — whether clumps are considered as a set of independent
objects or as a hierarchy in the position-position (PP) and/or in the position-
position-velocity (PPV) space. In the latter case, clump properties can be linked to
the general physics of star-forming regions. A widely used hierarchical clump-
finding method is the DENDROGRAM technique (Rosolowsky et al. 2008) which is
appropriate for study of the fractal structure of MCs.

In this report we present a method for derivation of fractal dimensions in MCs
based on their dendrogram structure derived from integrated-intensity and
column-density (PP) maps. The object chosen to test the method is the Rosette
MC.

2. OBSERVATIONAL DATA ON THE MOLECULAR CLOUD ROSETTE

We make use of *CO/*CO maps (PPV cubes) taken with the 14 m telescope
of Five College Radio Astronomy Observatory (FCRAO), presented and discussed
by Heyer, Williams and Brunt (2006). Angular resolution of 46 arcsec allows for
study of structures with sizes greater than ~0.15 pc (adopting distance to Rosette
MC of 1.33 kpc, Lombardi, Alves and Lada 2011).

From the row PPV cubes we construct PP integrated-intensity maps. The
process contains extraction of the channels that contain only noise, calculation of
the noise levels for the rest of the channels and integration over the V axis for
them. The maps of dust emission were obtained from Herschel observations at
four wavelengths of PACS and SPIRE: 160, 250, 350, and 500 pum (see Schneider
et al. 2010, 2012, for details) and convolved to a common angular resolution of 36
arcsec.

The star-forming Rosette is appropriate as a test object because of its intensive
investigation in the last decades. Its local structure have been studied using
various algorithms and tracers (Williams et al. 1995; Schneider et al. 1998; Dent
et al. 2009; Di Francesco et al. 2010; Veltchev et al. 2018).

3. SELECTED SAMPLES OF THE DENDROGRAM METHOD

The DENDROGRAM technique (Rosolowsky et al. 2008), implemented in the
Python library AsTRODENDRO, constructs two-dimensional map of the hierarchical
cloud structure. The largest object of the hierarchy is called root. Each node in the
dendrogram tree splits to exactly two substructures and a sequence of nodes is
called branch. At the top of each branch are two leaves (associated with intensity
maxima): objects without substructures.

We compose dendrogram trees in Rosette varying two input parameters of the
technique (Fig. 1). Lower intensity limit 7; (in units K) defines the level above
which extraction of the trunk is allowed and, hence, sets up the largest scale in the
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tree. The second input parameter AT, represents the minimal intensity difference
between the level of a node and the levels of its both substructures (Fig. 1). We
vary Tp and AT . in order to select samples of dendrogram objects which: 1) are
rich enough; and ii) are free of objects associated with “spikes' due to noise. The
chosen T is different for different tracers in view of their various noise levels.
Variation of AT« controls the number of structures — decreasing the value of this
parameter leads to extraction of more structures.

We chose 7, = 1 for the ?CO map and T, = 2 for the BCO and dust maps. The
authors of the DENDROGRAM technique do not recommend values AT.x < 2 in
order to avoid the noise “spikes'. We opt for AT}« = 1 only for the Herschel map —
due to the low number of substructures and the need of better statistics for our
method. It should be pointed out also, that the noise values in this case are low.

The samples of dendrogram objects selected for derivation of fractal
dimensions are:

2CO: Ty=1, ATmx =2 (369 objects)
» BCO: Ty=2, ATmx =3 (2075 objects)
» Dust: Tp=2, ATux =1 (144 objects)

Node
(merge level)

Intensity

e |

Position

Figure 1: On the construction of the dendrogram tree from an integrated intensity
map and the choice of the parameters 7 and AT .« (see text). Only bifurcations
with AT> AT and AT,> ATy are identified as nodes; the first such node with
T > T, 1s identified as the root of the tree.

4. APPROACH TO DERIVE MASS DIMENSION D,,

Various approaches to calculate fractal dimensions for different structures are
found in the literature. Most of them are essentially geometrical, e.g. the classical
dimension of 3D fractals Dy = log N / log S, where N is the number of
substructures at given scale and S > 1 is the scaling factor (Elmegreen, 1997;
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Sanchez et al., 2005), and the box-counting dimension Dgc, which measures the
coverage of the hierarchical object by grids of decreasing box size. Such methods
account rather for geometrical properties and not for the physics behind the
observed hierarchical structure properties of the objects.

More reliable approaches to describe the fractal structure of MCs are methods
for derivation of the so-called mass-length dimension D), defined as the power-
law exponent of the mass-size relation M o« L ” (Mandelbrot, 1983). Such a
method was applied by Beattie et al. (2019, hereafer, BFK), using surface-density
map of simulated turbulent MCs without self-gravity. The length scales in their
approach are defined as increasing sizes of embedded boxes starting from a
chosen peak (Fig. 2, left).

Figure 2: Comparison between two approaches to derive D,, from integrated-
intensity (or column-density) maps: a) BFK (see Fig. 2 there); b) this report.
See text for details.

We suggest a method to derive the fractal dimensions D), which is similar to
that of BFK but designed to be applied to a dendrogram tree. A pair of leaves
(associated with some local integrated-intensity peaks) and the node they belong
to are taken as the bottom of a sequence of length scales L; < L, < ... < L, where
each L, is the effective size of a node in the chosen branch of the dendrogram tree
(Fig. 2, right) and L,=L.y 1S the effective size of the root (which depends on the
choice of the input parameter 7;). The fractal dimension Dy(L,) at given scale L, is
calculated as the slope of power-law fit performed on the data set [(L;, M;);([;, m))]
where (/;, m;) are the sizes and masses of all substructures included in the node (Z;
M,), i.e. of all objects within the corresponding dashed blue line in Fig. 2, right. In
that way the method takes into account the contribution of the other branch that
merges with the traced one in given node of size L,.
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5. SCALE DEPENDENCE OF D, IN ROSETTE

The results of our calculations from the '*CO/">CO maps are presented in Fig.
3. The length scales are normalized to the effective size L of the root in the chosen
sample of dendrogram objects — this structure includes the whole star-forming
region (on the '*CO map) and only the Rosette MC + the Monoceros ridge (on the
BCO map). The curves Dy=Dy(l/L) derived by BFK for Mach numbers 1
(transition to transonic regime) and 20 (highly supersonic regime) are plotted for
comparison.
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Figure 3: Scale dependence of D), in the star-forming region Rosette as derived
from: a) >CO maps; b) >CO maps. The largest scale (/=L) and the substructure
which includes Rosette MC and the Monoceros ridge are shown with arrows.

In general, the derived scaling dependence of D, from the *CO/"*CO maps
(Fig. 3) is consistent with the numerical models of BFK in the scale range //L.<0.5.
These dendrogram objects are mostly structures in the main ridge of the cloud
which are probably not influenced by feedback effects (gas compression, heating)
from the OB cluster NGC 2244 located in the bottom-right corner of the maps in
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Fig. 3. At small scales (//L<0.2) D,~1.8, in broad agreement with the classical
value D)~2 found by Larson (1981) for a large sample of MCs and their
substructures. At larger scales the derived values of D), decrease quasi-
monotonically in the *CO case and with notable discontinuities in the >CO case.
The general trend hints at multifractal cloud structure. The difference between the
scale dependences of D), derived from the CO tracers can be attributed to the
optical thickness of the *CO emission at high densities (Draine 2011). Thus '*CO
traces regions of lower column density and may fail to identify dense structures at
small scales. Probably this is the reason for the smoother scale dependence of the
fractal dimension from the '*CO sample compared to *CO (Fig. 3).

There are at least two possible explanations of the inconsistency of our results
at large scales (//L~0.7 and larger) with the numerical study of BFK. First, the
largest structures include zones outside the Rosette MC — mostly from the
Monoceros Ridge — where the physical conditions differ substantially. Second, the
number of dendrogram objects per bin in this scale range obviously increases
which affects the output of the fitting procedure. Probably this is an artifact of the
DENDROGRAM technique itself and needs to be clarified in a forthcoming study.

13C0O, AT ax=3, Dust AT a.=1 - no outer shell

Mach= 1 (BFK19]
Mach=20 (BFK19)
ust - 1o shell, AT y,=1

Scale [I/L]

Figure 4: Scale dependence of D,, in Rosette MC derived from Hershel maps
compared with the results from '*CO maps. Structures in the main ridge of the
cloud are shown with arrows.

In Fig. 4 we compare the scale dependence of D), derived from the Hershel
maps with the results from the >CO tracer. Dust emission is optically thin which
allows investigation of denser fragments of the Rosette MC as seen on the map
(Fig. 4, right). Unfortunately, the sample size is small and this affects significantly
the derivated values of Dy,. The smallest dust structures yield fractal dimensions in
agreement with the results from the *CO/"*CO samples while the discontinuity of
the scale dependence of D,,is probably an effect of the sample size.
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6. CONCLUSION

We suggest a method to estimate the fractal dimensions D in molecular clouds
by use of the mass-size relation M(L)~L ™ where the power index D=D,, is called
mass-length dimension. In contrast to the similar approach of Beattie et al. (2019),
the technique is not based on abstract scales but deals with samples of dendrogram
objects with their effective sizes.

The star-forming region Rosette was chosen as an object to test the method, by
use of maps in molecular-line (*CO/"*CO) and dust-emission tracers. The derived
scale dependence of D), in Rosette MC is in general agreement with the numerical
study of Beattie et al. (2019) for molecular clouds in transonic up to highly
supersonic regime. The inconsistency found at larger scales which correspond to
the whole star-forming region could be explained by changes in the physical
conditions and/or with artifacts of the DENDROGRAM technique. This needs to be
clarified in a forthcoming study.
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Abstract. Recent kinematic and high-resolution observational studies of molecular clouds
reveal their extremely complex, clumpy and filamentary structure. Maps of different
molecular-line tracers and dust-opacity data, combined with appropriate clump-extraction
methods, allow for investigation of the local morphology and its physical interpretation,
e.g. to test the gravoturbulent scenario of cloud evolution. We perform a comparative
analysis of two populations of clumps in the molecular cloud Rosette extracted from *CO
and *CO-emission FCRAO maps. The used extraction methods differ in their concept:
whether the clumps are considered as an ensemble of independent objects
(GAUSSCLUMPS) or as a hierarchical set of embedded structures (DENDROGRAM). We
derive basic physical characteristics of the clumps and analyze their scaling relations.

1. INTRODUCTION

Giant molecular clouds (MCs) with masses up to 10*° solar masses are the
places where most of the stars are born in clusters shrouded by cold molecular gas
and dust. They contain many smaller and denser fragments or clumps whose
properties are determined by the interplay between gravity, magnetic fields and
turbulent pressure. Stars form in such clumps; thus the derivation and analysis of
their physical properties are important tasks for the better understanding of star
formation processes.

A dominant characteristics of MCs is their hierarchical structure. Many
multitracer studies have shown that the relatively small scales in that hierarchy
correspond to high-density features and are invariably contained inside envelopes
of lower-density gas (e.g., Blitz and Shark 1986, Lada 1992). Any given spatial
scale contains more small dense structures than large sparse structures. Dense
cores with size ~0.1 pc constitute the top level of the cloud hierarchy and
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correspond to the scale of transition to coherent turbulence (Tafalla et al. 2004;
Lada et al. 2008). Despite of the non-uniformity of the filling factor and the
chemical state of MCs, the bottom of gas hierarchy can be attributed to low-
density gas that fills most of the cloud volume. However, there are two main
interpretations connecting the boundaries of MCs with the bottom of hierarchy.
The “classical” one (Blitz et al. 2007) suggests that the cloud boundaries form
clearly distinguishable bottom level of the structure hierarchy. The alternative
interpretation is that the hierarchical structure continues only with chemical
changes into the low-density diffuse ISM (Ballesteros-Paredes et al. 1999;
Hartmann et al. 2001). Crucial factor in favor of some of these interpretations
could be the lifetimes of MCs in relation to their internal crossing times, pointing
to the importance of self-gravity in cloud energetics (Elmegreen 2007).

A broadly accepted approach in analysis of molecular-line data is the
segmentation of the position-position-velocity (PPV) cube into physically relevant
structures (population) and derivation of their characteristics. For instance, such
cloud fragments/clumps are identified as connected regions of emission above a
threshold intensity (Solomon et al. 1987). Some of the mostly used segmentation
methods are the clump-extraction algorithms CLUMPFIND (Williams et al. 1994;
water-shed segmentation technique), GAUSSCLUMPS (Stutzki & Gilisten 1990;
iterative fitting of three-dimensional Gaussians in the vicinity of peaks on the
residuum map) and DENDROGRAM (Rosolowsky et al. 2008; application of
structure trees to reveal the hierarchical connections between different size scales
in MCs).

In this report we present a continuation of our analysis of clump populations
in the Rosette MC derived by use of GAUSSCLUMPS from '2CO/">CO and Herschel
data (Veltchev et al. 2018). Here we derive physical properties of the clump
population extracted by use of the DENDROGRAM technique and compare them
with those of the population of Gaussian clumps

2. OBSERVATIONAL DATA

The star-forming cloud Rosette is an appropriate object for such comparative
study. Its local morphology has been intensively investigated by use of different
clump-extraction methods and tracers of the molecular gas (Williams et al. 1995;
Schneider et al. 1998; Dent et al. 2009; Di Francesco et al. 2010; Veltchev et al.
2018). In this work, we do not consider the expanding HII region around the
young cluster NGC 2244 and the zone of its direct interaction between it and the
Rosette MCs which is called ‘Monoceros Ridge’ (Blitz & Thaddeus 2010).
Various effects of stellar feedback such as gas compression by the expanding
ionization front or radiation heating from the cluster can influence physical
properties of the clump population in the Monoceros Ridge region. While some
studies (Schneider et al. 2012; Cambresy et al. 2013) showed that there is no
indication for large-scale triggering of star-formation further inside Rosette cloud,
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other reveals that more massive dense cores forms in this zone (Motte et al. 2010).
The adopted distance to Rosette MC is 1.33 kpc (Lombardi, Alves & Lada 2011).
We make use of “CO/*CO PPV cubes taken with the 14 m telescope of Five
College Radio Astronomy Observatory (FCRAO), presented and discussed by
Heyer, Williams & Brunt (2006). The spectral resolutions are 0.127 km/s (**CO
data) and 0.133 km/s (*CO data) and the angular resolution is 46 arcsec. All
temperatures are given on the main beam brightness temperature scale.

3. CLUMP EXTRACTION USING DENDROGRAM METHOD

To extract the population of Dendrogram clumps, we use the PYTHON
implementation of the DENDROGRAM technique called ASTRODENDRO. A
dendrogram structure can be graphically represented as a tree of hierarchical
objects in the data cube (Fig. 1). The tree is composed of two types of structures:
branches or nodes (objects consisting of two substructures) and leaves (objects
without substructures, associated with intensity maxima). The largest structure in
the hierarchical tree is the trunk (or root).

- — leaf 1 J. leaf 2

branch @—1 +—O leaf 3

m trunk

Figure 1: Illustration of a dendrogram: an arbitrary hierarchical structure (left)
and the corresponding dendrogram tree (right). The trunk is the largest structure in
the hierarchy and contains all other structures.

ASTRODENDRO identifies unique isosurfaces from each region in the PPV data
cube and computes the properties of the delineated clump using the moment of
volume weighted intensities of emission from every pixel (Rosolowsky et al.
2008). The rms sizes along the major and minor clump axis are computed from the
intensity-weighted second moment in two dimensions, dx and dy, and then the
effective radius is defined as the geometric mean of these second spatial moments.
In a similar way, the velocity dispersion is the intensity-weighted second moment
of the velocity axis. The flux of a clump is the sum of all emission within an
isosurface:

F = Z T;dxdydv,
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where 7; is the brightness temperature. Thus, clump luminosity can be calculated
as the integrated flux scaled by the square of the distance to the object:

LeolK km s~ pe?] = D* Y (T)dadydv

The AsTRODENDRO implementation of the DENDROGRAM technique uses three
input parameters that determines the hierarchy of extracted objects: the minimum
value to be considered in the data set (min value), the threshold value that
determines whether a leaf is a single entity or not (min_delta), and the minimal
number of pixels for a leaf to be considered as a single entry (min_npix). By
varying min_value and min_delta, we generated multiple clump samples to study
the method's sensitivity to the choice of input parameters. As expected, large
values of min_value produce small samples of clumps filling a reduced volume of
the data cube. On the other hand, choosing too low min_value may lead to
identification of some noise spikes in the data as physical dendrogram objects;
therefore min_value < 2 is not recommended by the authors of the DENDROGRAM
technique. The choice of min_delta controls how significant a leaf has to be in
order to be considered as an independent entity. The measure of significance is the
difference between its peak flux and the value at which it is being merged into the
structure tree. Thus, the choice of min_delta affects the number of extracted leaves
in the extracted clump sample. The default value of min_npix is set to six. A leaf
which consists of less pixel as the dendrogram tree is being constructed is merged
with a branch or another leaf and is not considered as a separate entity.

4. SPATIAL ASSOCIATION BETWEEN GAUSSIAN AND
DENDROGRAM CLUMP POPULATIONS

Various tracers of cloud structure are sensitive to different ranges of density
and optical depth while the specifics of a chosen clump-extraction algorithm
reflect the physical processes behind the observed local cloud morphology.
Therefore, spatial association (or, cross-identification) between clumps ensembles
derived from different tracers and/or obtained from different clump-extraction
techniques might be helpful to understand the physics of MCs. We follow the
technique described in Veltchev et al. (2018) to associate Gaussian and
dendrogram clump populations in the Rosette MC. Fig. 2 displays the spatial
distribution of dendrogram clumps (light grey) for the choice of input parameters
(min_value = 2 sigma, min_delta = 2 sigma) juxtaposed with that of Gaussian
clumps (dark grey) extracted from the “CO (left) and *CO map (right). The
region which includes the Monoceros ridge and the cluster NGC 2244 (shaded
circle) is excluded from further analysis (see Sect. 2). As seen in Fig. 2, both
Gaussian and dendrogram populations trace the ‘'main ridge' of the Rosette MC
and some of the larger filaments.
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Figure 2: Spatial distributions of Gaussian (black color) and Dendrogram (grey
color) clump populations for 12CO and 13CO PPV data cubes. The Monoceros
Ridge zone is labeled in circle (bottom right side on the diagrams).

Let us briefly recall the technique Veltchev et al. (2018) for cross-
identification between the clump populations. The overlap coefficient w between 2
clumps is defined as the intersection area, normalized to the area of the smaller
ellipse (assuming elliptical geometry of the clumps). Clump pairs with 50 % <w <
90 % are defined as overlapping (type O) while those with w > 90 % — as
embedded (Type E). Such criteria are strong enough to ensure that most of the
mass of a centrally condensed clump is contained in the overlap area. The
subsequent physical analysis showed the ability of this approach to reveal
essential properties of the cloud structure. We applied it for cross-identification
between Gaussian and dendrogram clumps and summarize the results in Table 1.

In a follow-up paper we intend to provide a more detailed statistics on the
cross-identification between the Gaussian and Dendrogram clump populations.
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5. SCALING RELATIONS

Physical parameters of clumps in Galactic MCs and their relation to cloud
structure and star formation have been investigated in numerous works. Many of
these studies are dedicate on scaling relations between observable quantities like
velocity dispersion and mass. In his seminal analysis, Larson (1981) derives three
empirical properties of clouds and their substructures (clumps) in the Milky Way:
1) a power-law relation between velocity dispersion and size of emitting medium:
o, o< R"*; 2) virialization of MCs: 26, R*/GM ~ 1; 3) a power-law scaling relation
of the mean cloud/clump density: n o< R™"!. These relations have been later put to
test through observations in different molecular tracers including rotational
transitions of CO and its isotopes as well tracers of dense gas like NH;, CS, and
HCN (Dame et al. 1986; Heyer et al. 2001, 2009). Many of those studies reveal
power-law scaling relation of the velocity dispersion with index ranging from 0.25
to 0.75 indicating self-gravitating cloud fragments in virial equilibrium.

Fig. 3 shows the size vs. mass relations for dendrogram leaves (empty circles)
from the ">CO and "*CO map, plotted for comparison with the Gaussian clumps
(filled cirlcles) analyzed by Veltchev et al. (2018). The dendrogram samples were
obtained setting the input parameters min value = min_delta = 2o. The sizes of
the dendrogram objects were calculated adopting definition of cloud radius by
Solomon et al. (1987):

R~1910,,

where o, is the geometric mean of the second spatial moments along the major
and minor axis of the clump. Then the virial mass of the dendrogram clumps is
calculated as follows:
M,y — 5 FWHM,, R.
2G

where the FWHM,, is calculated as:

Av 2
FWHM, =2v2In24/02 + ()
2v21In2

where the second term under the square root represents the velocity resolution
term with Av being the velocity channel width (1.127 km/s for >CO data and 0.13
km/s for *CO data).

The masses of dendrogram objects in '>CO emission seem to be systematically
higher than those of the Gaussian clumps. This tendency is more pronounced for
the population of leaves. A possible explanation could be the different nature of
the dendrogram and Gaussian objects. While a 3D Gaussian is a more appropriate
representation of high-density clumps which are better traced by the "“CO
emission, the dendrogram objects represent cloud fragments in their real complex
shapes. The same holds even more for ?CO data which are sensitive to lower
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density regimes in MCs and the extracted clumps from this tracer cover more
diffuse regions that possibly can contain much more mass.
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Figure 3: Size vs. mass relations for the dendrogram leaves (empty circles) and
the Gaussian clumps (filled circles) from Veltchev et al. (2018). The best-fit lines
for the dendrogram population are shown.

Fig. 4 displays the corresponding size vs. linewidth relations for dendrogram
leaves and the associated Gaussian clumps. In general, the correlation is weak but
the power index increases for the sample of dendrogram leaves associated with the
Gaussian clumps from given tracer.
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Figure 4: Size vs. linewidth relations for the dendrogram leaves (empty circles)
and the Gaussian clumps (filled circles) from Veltchev et al. (2018). The best-fit
lines for the dendrogram population are shown.

The summarized results for the determined slopes of the size vs. mass and size
vs. linewidth relations and for three different clump populations (all dendrogram
objects, dendrogram leaves only and dendrogram leaves associated with Gaussian
counterparts) is shown in Figure 5.
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Figure 5: Summary on the derived indexes of scaling relations for clump
populations extracted from the ">CO and *CO maps.

6. CONCLUSION

We performed a comparative analysis of the derived properties of clump
populations extracted from maps of '*CO and "CO emission in the Rosette
molecular cloud. Adopting the alternative extraction techniques GAUSSCLUMPS
(clumps are considered as an ensemble of independent objects) and DENDROGRAM
(clumps are considered as a hierarchy of embedded structures), we study the local
cloud morphology, derive some basic physical characteristics of clumps and
analyze their scaling relations.

The dendrogram populations exhibit shallower scaling of mass in comparison
with the Gaussian clump populations whose scaling index exceeds 2.0 + 0.3. The
size vs. mass relation for the '*CO populations differs from that of the CO
populations. The masses of the dendrogram objects calculated from both tracers
are systematically higher than those of the Gaussian clumps; this tendency is more
pronounced when one considers only the dendrogram leaves. The weak
correlation of velocity dispersion with size for the dendrogram objects could be
indicative of their evolutionary state.

The associated Gaussian clumps tend to have relatively high linewidths,
especially considering the *CO population.

This study could be extended including the Monoceros Ridge region where
the stellar feedback effects must be taken into account.

76



TRACING THE LOCAL MORPHOLOGY OF THE ROSETTE MC USING MOLECULAR-LINE DATA

Acknowledgement

The authors are grateful to M. Heyer and J. Williams for the FCRAO
molecular-line maps. This research made use of AsTRODENDRO, a Python package
to compute dendrograms of Astronomical data (http://www.dendrograms.org).
This research also made use of asTropy (http://www.astropy.org). O. Stanchev
thanks to the Bulgarian National Science Fund for providing support through
Grant KP-06-PM-38/6 (Fundamental research by young scientists and postdocs
2019). T. Veltchev acknowledges funding from the Ministry of Education and
Science of the Republic of Bulgaria, National RI Roadmap Project DOI1-
277/16.12.2019.

References

Ballesteros-Paredes J., Va'zquez-Semadeni E., Scalo, J.: 1999, ApJ, 515, 286.

Blitz L., Fukui Y., Kawamura A., Leroy A., Mizuno N., Rosolowsky E.: 2007, in
Protostars and Planets V, ed. B. Reipurth, D. Jewitt and K. Keil, Tucson, Univ.
Arizona Press, 81.

Blitz L., Thaddeus P.: 1980, ApJ, 241, 676.

Blitz L., Stark A. A.: 1986, ApJ, 300, L89.

Cambresy L., Marton G., Feher O., T oth L., Schneider N.: 2013, A&4, 557, 29.

Dame T. M., Elmegreen B. G., Cohen R. S., Thaddeus P.: 1986, ApJ, 305, 892.

Dent W. et al.: 2009, Monthly Notices of the Royal Astronomical Society, 395, 1805.

Di Francesco J. et al.: 2010, Astronomy & Astrophysics, 518, L91.

Elmegreen B. G.: 2007, ApJ, 668, 1064.

Hartmann L., Ballesteros-Paredes J., Bergin E. A.: 2001, ApJ, 562, 852.

Heyer M. H., Carpenter J. M., Snell R. L.: 2001, ApJ, 551, 852.

Heyer M., Krawczyk C., Duval J., Jackson J. M.: 2009, ApJ, 699, 1092, arXiv: 0809.1397.

Heyer M., Williams J., Brunt C.: 2006, The Astrophysical Journal, 643, 956.

Houlahan P., Scalo J.: 1990, ApJS, 72, 133.

Lada E. A.: 1992, ApJ, 393, L25.

Lada C. J.,, Muench A. A., Rathborne J. M., Alves J. F., Lombardi M.: 2008, ApJ,
672,.410.

Motte F., Zavagno A., Bontemps S., Schneider N., Hennemann M., Di Francesco J., Andre
Ph., Saraceno P., et al.: 2010, A&A, 518, L77.

Rosolowsky E., Pineda J., Kauffmann J., Goodman A.: 2008, The Astrophysical Journal,
679, 1338.

Schneider N., Stutzki J., Winnewisser G., Block D.: 1998, Astronomy & Astrophysics,
335, 1049.

Schneider N., Csengeri T., Hennemann M., Motte F., et al.: 2012, Astronomy &
Astrophysics, 540, L11.

Stutzki J., Giisten R.: 1990, ApJ, 356, 513.

Tafalla M., Myers P. C., Caselli P., Walmsley C. M.: 2004, A&A, 416, 191.

Veltchev T., Ossenkopf-Okada V., Stanchev O., Schneider N., Donkov S., Klessen R. S.:
2018, Monthly Notices of the Royal Astronomical Society, 475, 2215.

Williams J. P., de Geus E. J., Blitz L.: 1994, ApJ, 428, 693.

Williams J., Blitz L., Stark A.: 1995, Astrophysical Journal, 451, 252.

77






Proceedings of the XII Serbian-Bulgarian Astronomical Conference

(XII SBAC) Sokobanja, Serbia, September 25-29, 2020

Editors: L. C. Popovié, V. A. Sreckovi¢, M. S. Dimitrijevi¢ and A. Kovagevié
Publ. Astron. Soc. “Rudjer Boskovi¢” No 20, 2020, 79-84

SHADOW BANDS AND RELATED ATMOSPHERIC PHENOMENA
REGISTERED DURING TOTAL SOLAR ECLIPSES

RUSLAN ZLATEV!, NIKOLA PETROV', TSVETAN TSVETKOV',
EMIL IVANOV?, ROSITSA MITEVA!, VELIMIR POPOV?,
YOANA NAKEVA? and LJUBE BOJEVSKI*

'Institute of Astronomy and National Astronomical Observatory, Bulgarian
Academy of Sciences, 72 Tsarigradsko Shose blvd., Sofia 1784, Bulgaria
*Konstantin Preslavsky University of Shumen, 115 Universitetska str.,
Shumen 9700, Bulgaria
3 dix-Marseille University, 3 Place Victor Hugo, 13003 Marseille, France
*Ss Cyril and Methodius University, 9 Goce Delcev blvd., Skopje 1000, Republic
of North Macedonia
E-mail: tstsvetkov(@astro.bas.bg

Abstract. This study is dedicated to the atmospheric phenomena accompanying total solar
eclipses. Observations of shadow bands are shown. We look for a connection between
their distribution and the variations of the temperature, speed and directions of the wind
before, during and after the totality of two total solar eclipses. A new experiment for
registering the shadow bands realized during the last total solar eclipse (2019 July 2) is
presented.

1. INTRODUCTION

Total solar eclipses (TSEs) have impressed observers since the beginning of
recorded history. Despite the existence of evidence for solar eclipse observations
from more than 4 millennia ago, some accompanying phenomenon remained
unnoticed for thousands of ages. It wasn’t until 1820 that Hermann Goldschmidt
noted shadow bands visible just before and after totality at some eclipses
(Guillermier and Koutchmy, 1999). Later, in 1842, when George Airy saw his first
TSE, he also highlighted the shadow bands (Littmann et al., 1999), but the first
hypotheses that successfully explain their formation date back from the late XX
century. Previously, XIXth-century observers assumed that shadow bands were
some sort of diffraction phenomenon because their linear patterns roughly
resemble optical interference fringes. More exotic explanations have been
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proposed in 1924 (Hastings, 1924). They suggest that the bands were overlapping
pinhole images of the Sun formed by vents in the upper atmosphere. More
recently A. L. Stanford has proposed a Lloyd's mirror effect, where direct rays
from the uneclipsed solar crescent interfere with those reflected from clouds
(Stanford, 1973).

But by far the simplest and most satisfactory explanation was the one
published in the late 1980’s by Codona (1986). It states that the shadow bands are
diffraction effects caused by turbulence in the Earth’s atmosphere when the light
from narrow slit-like source passes through (Fig. 1). The roughly linear patterns
moving across the ground with typical speeds of a few meters per second usually
appear just before and just after the total phase of solar eclipses. Typically, they
align parallel to the tangent to the center of the solar crescent (Marschall et al.,
1984). They are easily observable by naked eye, but their low contrast makes their
quantitatively measurements harder. Still, it is considered that the shadow band
spacing decreases and their contrast increases as the totality approaches (Codona,
1986). Probably the first attempt for capturing shadow bands was made during a
TSE in 1912 although it was rather unsuccessful. Even nowadays despite the
development of technology, registration of the bands by photo or video detectors
remains an uneasy task.

7i
Scattered "’b%,
/// ; oty

Figure 1: Formation and propagation of shadow bands.

Our team is experienced in shadow bands observations with 4 successful
experiments conducted at 4 TSE expeditions — in 1999, 2006, 2017 and 2019. As
the techniques and instruments used to register the bands have changed over the
years, our latest results are incomparable with the earliest ones. Therefore, the
current study summarizes only the data obtained during the last two TSEs (2017
August 21 and 2019 July 2).
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2. EXPERIMENTAL SETUP

Our team observed the 2017 August 21 TSE from the northwestern part of the
USA - the state of Oregon. We chose an observational spot (44°42'11.6"N
120°47'52.2"W) at distant, uninhabited place at altitude about 1200 m. The setup
for the shadow bands experiment included white screen for better visualization
and Sony DCR-SR55 digital video camera that takes 25 frames/second. Next to it
at altitude 1.5 m above the ground was situated a Gill Windsonic anemometer that
records the wind speed and direction 4 times/second.

We repeated the experimental setup two years later, when observing the TSE
on 2019 July 2 from Atacama Desert, Chile. The location of our team
(29°47'37.0"S 70°53'12.4"W) was similar as the place was far from any
settlements and other observers at more than 1400 m above the sea level. The
installation for registering the shadow bands and eclipse meteorology was almost
the same except for the video camera that was replaced by Sony Alpha 71II that
offers better quality and resolution and makes capturing the bands easier taking 50
framse/second.

3. RESULTS

During the two latest expeditions for TSE observations our team performed an
experiment dedicated to registration of shadow bands and wind properties. Its aim
was to look for a possible relationship between the direction of propagation and
the speed of near ground wind and the observed pattern of the shadow bands. The
results are summarized in Table 1. Monitoring and recording the wind
characteristics and shadow bands was performed both before and after the totality
of every eclipse. Unfortunately, the insufficient quality of the videotaping after the
totality in 2017 does not allow data processing, thus such information is not
included. The average wind speed is given only for the moments of visibility of
the shadow bands — periods of about 30 seconds before and after the totality. The
frequency is measured after video processing that aims to find and remove all
static regions of each frame, so that small changes in the intensity became visible.
This has been achieved by clearing small random noises, applying adaptive
background learning and subtraction over the sequence of the frames, and
amplifying the signal by increasing the contrast and brightness. A mean intensity
in a fixed square region is calculated for each frame in the video and the obtained
values are saved and subjected to Fast Fourier Transform.

Table 1: Properties of the wind and shadow bands registered at two TSEs — in

2017 and 2019.
2017 2019
before totality | before totality | after totality
Average Wl_rlld Lol 57 o
speed [m s™']
Shadow bands
frequency [Hz] 1.35 175 1.37
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It is obvious that the near ground winds during 2019 TSE were stronger than
these two years earlier, but it is also noticeable that the wind speed rapidly
changes before and after the totality in 2019. The observed decrement of the wind
speed coincides with the decrement of the frequency of the shadow bands. The
relationship between the average near ground wind speed and shadow bands
frequency is shown on Fig. 2.
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Figure 2: The relation between the average speed of the wind at the moment of
shadow bands observations and their frequency.

More detailed information about the wind speed and direction during the
observations of shadow bands (not only the average value) gives the wind rose
diagram (Fig. 3). It shows the near ground wind properties detected only during
the experiment held in Chile in 2019 and shows that the main direction of
propagation is the same before and after the totality (eastern-northeastern) as the
eastern component becomes weaker after it.
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Figure 3: Wind rose diagram showing the direction of propagation and the speed
of the wind detected in the periods of visibility of the shadow bands during 2019
TSE before (left panel) and after (right panel) the totality.

Two still frames from the performed videotaping of the shadow bands during
the 2019 TSE (before and after the totality) are shown on Fig. 4. The background
content is removed and the contrast and brightness of the pixels, which represents
moving bands, are increased for better visualization. A comparison between Fig. 3
and Fig. 4 shows that the slight changes in the primary direction of propagation of
the wind coincides with similar behavior of the direction of the bands.

Figure 4: Two frames from the video of the shadow bands during the 2019 TSE
before (left panel) and after (right panel) the totality.

4. CONCLUSIONS

We present our results from experiments held during last two total solar
eclipses, observed by our team (2017 August 21 and 2019 July 2) on the
connection between near ground wind properties and shadow bands pattern. We
find a link between the average near ground wind speed and the frequency of the
bands. This relation is also confirmed by the matching directions of propagation of
the bands and the wind before and after the totality of the eclipse from 2019.
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These primary results support the hypothesis that the ground level wind’s
atmospheric scintillation may influence the pattern of the shadow bands.
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Abstract. We present the recent work on the soliton formation possibility within the
ionospheric layers of the Earth. Linear waves are investigated very well and their existence
is confirmed in the huge literature. However, they are unable to explain some of the fine
structures observed in the Earth’s atmosphere and ionosphere. Detection of the
ion/electron density drop and consequently the density drop of the neutral gas is difficult
to explain by linear theory. Therefore, we employ nonlinear magneto-hydro-dynamic
(MHD) theory, investigating the perturbation of compressible fluid under the influence of
self-gravity, rotation and magnetic field in the plain geometry. Solution that we search for
is soliton, stable wave of constant amplitude and group velocity. Such a solution is more
accurate and its space and time localization give an opportunity for instant detection. We
have derived necessary condition for the vortex type of the solution as a balance of
dispersive and nonlinear effects. At higher latitudes dispersion is mainly driven by rotation
while near the Equator magnetic field modifies the solution within the E and F layer. This
very general description of the ionosphere provides the conclusion that the unperturbed
layer thickness cannot be taken as an ad hoc assumption, it is rather a consequence of the
equilibrium property.

1. INTRODUCTION

Solitons are solution of nonlinear equations, in general. There are one
dimensional solitons (ocean surface gravity waves, spiral density waves) and two-
dimensional solitons (vortex, hurricane). They are stationary solutions as a balance
between nonlinearity and dispersion. It can be concluded from the linear
dispersion relation on the dispersive properties of the system and it can give a hint
for the type of integrable nonlinear equation. Dispersive properties are
consequence of the frequency dependence on the wave number, meaning that
different wave numbers are traveling with different velocities. It results in the fact
that the top of the wave travels faster that the bottom, braking the wave as it is
shown in Fig. 1.
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Figure 1: Dispersive one-dimensional ocean surface wave.

Under certain circumstances, this dispersion is balanced by the nonlinear
effects and that circumstances are defined by equilibrium values. If the soliton is
possible to be created than these equilibrium parameters could be used to derive
the size and amplitude of the structure.

In the case of ionosphere we derive the nonlinear equation that has two type of
nonlinearity: vector and scalar. Vector term is responsible for some turbulent
dynamics known as Hasegawa-Mima equation and Rossby waves. Scalar term will
be responsible for the solitary vortex creation (Vukcevic & Popovic 2020;
Vukcevic, 2019).

2. IONOSPHERE PROPERTIES

Ionosphere is divided in three layers, in general. D layer, located at 50-100 km
from the Earth’s surface, charged particles contribution can be neglected so that
ponderomotive force effects are small compared to Coriolis force effects
(Gershman, 1974). E layer is located at 100-150 km and ponderomotive force is
on the order of the Coriolis one. F layer is at heights of 150-400 km with the
dominant ponderomotive force.

We have used the following plasma conditions within the ionosphere: ions are
unmagnetized so the ion velocity is the velocity of the neutral gas; ion velocity
across the magnetic field is equivalent to gas velocity; ions are dragged by neutral
gas completely while electrons are magnetized and frozen in external magnetic
field; electron velocity is defined by ExB (Kaladze et al., 2004); viscous effects
are neglected due to high Hartmann number (Kaladze et al., 2004).

Local coordinate system of the ionosphere layer is defined as in Fig. 2.
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Figure 2: Local coordinate system of the ionosphere layer. In the horizontal plane,
there are two axes x and y. Along the z axis is defined the distance of the
horizontal plane from the Earth’s surface.

Earth’s angular velocity has the following components: Q=Q(0,v1 — b?,bQ)),
where the Equator is defined by b=0, while the pole is defined by b=I.
Geomagnetic field is assumed to be magnetic dipole with components:
BOZB()(O,V 1- bz,-szo).

3. NONLINEAR EQUATION AND SOLUTION
Using set of standard fluid equations (continuity equation, momentum

equation accompanied with Poisson’s equation), non-constant thickness of the
layer and drift approximation, we have derived following nonlinear equation

F soo 1,8 2 g o@D
—0.2uf$(3¢-Av 9) - 3B 5(35 +AVPpxV), V¢++(@yB—ap) ayq) ¢°Aayv ¢ =0,
(1)
with relevant frequencies
2enb By
B _ _ 2 _ 92
f=fR+fH=2b(9+e”p”)[vx,uy,O)] (50~ 5D, (1~ 26%0,,0)] o

Normalization of the variables are done by 2Q+H where H=enB/p. Here n is
number of ionized particles while p is density of neutral gas.
Solution of the nonlinear equation has a form
2X

@ = —P{R), 3)

&7



M. VUKCEVIC and L. C. POPOVIC

where R=V1r is dimensionless radius of the structure in the moving frame, and F
is the solution of following equation (Zakharov, Kuznetsov; 1974)

F= 2.4(c0sh (ZR))_ : 4)

Parameters

LAl

!

A(x)—i(B—@) L ‘i)
) w ) ”(x)*ﬂ( ) (5)

are defined by gradient and second derivative of density with respect to x.
Potential has a form of solitary vortex traveling along y coordinate (northward)
with constant velocity u.

If the normalization factor is not symmetric, solution is

[T

F = cosh (éR(l +f(x)A))_ .
4 (6)

Soliton vortex is asymmetric elongated either along x or along y axis, depending
on the frequency.

Figure 3: Symmetric solution of the potential; the same as it is shown in Fig. 2
presented in Vukcevic & Popovic (2020).
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Figure 4: Asymmetric solution of the potential close to pole elongated along x
axis; the same as it is shown in Fig. 3 presented in Vukcevic & Popovic (2020).

Figure 5: Asymmetric solution of the potential in the Equator vicinity elongated
along y axis; the same as it is shown in Fig. 4 presented in Vukcevic & Popovic
(2020).

4. RESULTS

Ionosphere D layer. Within this region, located 50— 100 km from the Earth’s
surface, we can assume that the contribution of charged particles can be neglected,
so the ponderomotive force effects are small compared to the Coriolis force effects
(Gershman, 1974). This means that it is likely to expect a solitary structure for
small latitudes, close to the Equator, elongated along the y coordinate, while for
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high latitudes and at the pole, the soliton is symmetric, the size of the soliton will
depend on the density gradient, and its velocity is normalized by f=fr=Q .

Ionosphere E layer. This layer is located 100-150 km from the Earth’s
surface, and one can expect the creation of a soliton at all latitudes higher than 6°,
since the ponderomotive force is on the order of the Coriolis one. In this case,
soliton velocity is defined by f= 2(Q2 +H) at the pole and for latitudes close to the
pole. Since the value H has the opposite sign to , the cancelation of the vortex
structure is possible when these two terms are on the same order or it is possible to
change the moving direction of the soliton structure. Next, the size of the soliton is
defined by R and, consequently, by soliton velocity u, which for this case is
defined by 2(€2 +H); one expects the size to increase com- pared with the same
case for the D layer. As far as the low-latitude case is concerned, the latitudes
close to the Equator and the size and velocity of the soliton are dependent on the
value H compared to Q, and even more, the soliton is not symmetric but rather
extended along the y axes, since f =f(x,y).

Ionosphere F layer. The ionospheric F layer is for heights 150-400km from
the Earth’s surface. In this case, for all latitudes soliton structure is mainly defined
by the value 0.2H. At the pole, the soliton is symmetric and velocity is defined by
f = 2H, while close to the Equator one can expect a soliton elongated along the x
axis, but moving in the opposite direction compared to the E and D layers, since f
=f(x,y)=fu.

5. CONCLUSIONS

A series of direct observations of such soliton structures are carried out either
from the Earth’s surface or onboard the satellites. We have summarized all
possible soliton structure formations at different latitudes, as well as at different
ionospheric layers. The soliton size and velocity are constant but defined by
different values of ionospheric parameters.

We hope that this model will be used in explanations of the ionosphere
structures as well as in testing the physics background of complex ionosphere
simulations. This model can be used not only to model the ionosphere structure,
but also for different astrophysical systems, e.g., accretion disks, where the
thickness effects could be very important. Therefore, finite thickness effects
should be taken into account. However, this approach can be improved by trying
to find out the correlation between soliton structure dynamics and other methods
used to identify the ionospheric anomalies. Also, it would be of great importance
to investigate the stability of the soliton structure as the subject of small
disturbances and apply it to the study of the interaction between the solitons within
different ionospheric layers. All of these mentioned issues will be considered in
further research.
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Abstract. Intense storm activity over Balkans (40°/48° N, 12°/23° E) at the end of May
2009 was analyzed. Surveying was carried out by integration of satellite and ground-based
observations. Very Low Frequency (VLF) signals (3-30 kHz) recorded by Absolute Phase
and Amplitude Logger station in Belgrade (44.85° N, 20.38° E), video recordings of sprite
events from ITALIAN METEOR and TLE NETWORK and lightning stroke data from
European Cooperation for Lightning Detection network were inspected for possible
relationship. Different type and magnitude of perturbations on monitored VLF signals
were observed, even originated from same lightning discharge. Correspondence between
all three examined phenomena was found, in some of analyzed cases.

1. INTRODUCTION

Although it has been investigated for many decades and from numerous
different aspects, thunderstorm activity as scientific area is still under active
interdisciplinary research. In recent years, thunderstorm activity is increasingly
interpreted as terrestrial hazard (equally to earthquakes, landslides, tsunamis,
forest fires, snow blizzard etc.), especially taking into account accompanying
floods, destructive winds, damage and deaths from lightning strokes. Scientific
interest in thunderstorm ranges from topics that cover indirect effects on human
health (Elliot et al. 2014), to climatological studies (Cliverd et al. 2017, Romps et
al. 2014, Finney et al. 2018). Physical processes involved in thunderstorm activity
cover many still opened questions, broadly and diversely actively researched.
Only some of them are addressed to processes of thunderstorm electrification,
initiation mechanism of lightning leaders, causative mechanisms between
thunderstorms and induced lower ionospheric perturbations (relatively recent
results can be found in e.g. Silber and Price (2017, and references therein).

Changes in climate during recent years are more easily noticeable and more
increasingly recognizable in Balkan regions. Although Balkans are still not
considered as typical severe weather regions, extreme weather events like floods
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and landslides in 2014 (Stadtherr et al. 2016, Abolmasov et al. 2017, Djuri¢ et al.
2017, Suto et al. 2016) and heat and cold wave in 2017 (Kew et al. 2019,
Anagnostopoulou et al., 2017), suggest that soon in future, extreme weather could
become habitual feature over these territories, too.

Extreme weather monitoring over Balkans, is still rare and sporadic and not
much is known about electrical properties of such intense storm systems (Kolarski
2019, Kolarski 2020). To my knowledge, Balkan region in wider sense (including
Adriatic coastal region both Italian and Croatian, then geographical territories of
Bosnia, Croatia and Serbia and other former Yugoslavia republics) was never
systematically studied in terms of atmospheric electrical properties related to
storm activity and Transient Luminous Event (TLE) observations (Arnone et al.,
2019). Intense storm activity from end of May 2009, that hit region of Adriatic
coast and Balkan Peninsula inland, represents the unique opportunity to get insight
in electrical properties and underlying mechanisms of thunderstorm systems
generated over Balkans, through integrated satellite and ground-based
observations.

2. EXPERIMENTAL SET-UP AND OBSERVATIONS

The survey of data from four independent sources was carried out and
included data from EUMETSAT (European Organization for the Exploitation of
Meteorological Satellites (http://www.eumetsat.int/)) weather satellite, data set
about registered atmospheric discharges obtained from EUCLID (European
Cooperation for Lightning Detection http://www.euclid.org/)) Network, data set
about optically documented TLE events obtained from IMTN (ITALIAN
METEOR and TLE NETWORK (http://www.imtn.it/)) network, and last data set
was about Very Low Frequency (VLF) radio signal records from AbsPAL
(Absolute Phase and Amplitude Logger) receiving system located in Belgrade
(44.85° N; 20.38° E), from Institute of Physics' database. The presented analysis
takes the VLF signal amplitude and phase delay data as the basic data set related
to two other ground-based datasets. VLF (3-30 kHz) signal records, video records
of sprite events and detected lightning strokes data were analyzed in detail, in
order to find coincidence and possible relationship between these three
phenomena during the stormy night 27" — 28" of May, 2009, while satellite data
were only qualitatively analyzed.

EUMETSAT satellite documented 6 hours of intense storm activity over
Central and Southeast Europe, from 9 o'clock p.m. on 27" to 3 o'clock a.m. on 28"
of May 2009. During this stormy night, the core of the storm activity that occured
and started over northern italian adraiatic cost, was moving eastward to and along
Dalmatian adriatic coastal region and then further towards and into the Balkan
Peninsula inland. On qualitatively analyzed satellite graphic material, storm
activity is rounded by generalized frames and plotted in different colours, from
black to blue, on each of the hourly satellite shots. The first and the last frames
from satellite graphic material, with storm activity rounded in pink, are given in
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Fig 1. Generalised movement and enlarged position of the storm system's core
with legend of colours used are given in Figs. 2 and 3, respectively.

MET9 IR188 2889-85-27 21:88 UTC * EUMETSAT MET9 IR188 2089-85-28 83:08 UTC & EUMETSAT

Figure 1: EUMETSAT weather satellite data registrations over Central and
Southeast Europe during the stormy night 27" — 28™ of May, 2009,
first and last hourly frames.

Figure 2: Generalized movement of the storm system's core as registered by
EUMETSAT weather satellite over Balkans from 9 o'clock p.m. on 27" to 3
o'clock a.m. on 28" of May 2009 during the stormy night of May 27 — 28, 2009.
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a) b)

Figure 3: a) Generalized position and movement of the storm system's core
as registered by EUMETSAT weather satellite over Balkans during the stormy
night 27" — 28" of May, 2009 and b) legend of colours used

The second data set analyzed was about lightning stroke events. For this
particular night, over the observed geographical area enclosed within 12 to 23
degrees east in longitude and 40 to 48 degrees north in latitude, in period of 6
hours, EUCLID network reported intense storm activity with almost 22000
lightning stoke events, both of cloud-to-ground (CG) and inter-cloud (IC) type.
Peak current distribution regarding the type of strokes and their peak current
intensity and polarity is given in Fig. 4, while as projected on Earth's surface is
given in Fig. 5. Stroke event distribution regarding the number of reported events
by type is given in Fig. 6. The predominant are stroke events with negative
polarity and with relatively small peak currents, which accounts for more than 2/3
of total strokes reported. The predominant are CG type of stroke events, which
accounts for about 98% of total strokes reported, and among them those with
negative polarity and with relatively small peak currents. In this data set there
were only about 2% stroke events of IC type, with about 300 strokes, with similar
peak current intensities.

300 - « +CG (from 5.1 to 247 kA)

-CG }fmm 1.7 to 160.1 kA)
250 - +|C (from 2 to 106.2 kA)
-IC (from 5.4 to 75.3 kA)
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[
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& 50 -
100 -
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Figure 4: Peak currents distribution with peak currents from 160 kA (—CG) to
247 kA (+CQG), as reported by EUCLID network.
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Figure 5: Stroke event distribution — projection on Earth's surface, as reported by
EUCLID network.

Figure 6: Stroke event distribution — number of reported events, as reported by
EUCLID network.

The third data set analyzed was about TLE events. During this particular
night, by IMTN network within 6 hours of intense storm activity, several dozens
of TLE events were reported and optically documented from Ferrara station
(44.82° N, 11.62° E) UFOcaptureV2 camera (directed with az. 150.49° and ev.
24.57° and with AOVs 122.8° and 97.1° horizontal and vertical, respectively,
looking from the 45° N towards SE), oriented SE and with FOV covering area
from Adriatic Sea and coast towards inner regions of Balkan Peninsula. According
to obtained video material, within the area enclosed by 12-16 degrees east in
longitude and 42-46 degrees north in latitude, there were 71 sprites and 10 halos in
total documented between 21:42:11.4 UT on 27" and 02:18:55.0 UT on 28" of
May 2009, with vast majority of the reported TLE activity located slightly over
the horizon. Some of the sprite events reported by Ferrara station on night 27" —
28™ of May, 2009 are given in Fig. 7, with sprite events rounded by yellow ellipse.
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Schematic diagrams of locations, orientation and field of view of IMTN network
cameras dedicated for observation of night-time phenomena such as meteors and
TLE events, mostly over Italian land and sea, but also over surrounding areas
including back of the Adriatic sea and further towards Balkans, which was
particularly significant for this analysis, can be found at www.imtn.it (Fig. 8).

Figure 7: Some sprite events reported by Ferrara station
on night 27" — 28" of May, 2009.

[T sARM_BR C1 {Lugano)
SARM_BR 2 {Luganc)
SOS0 HeRA Madicing

Figure 8: ITALIAN METEOR and TLE NETWORK (IMTN) with Ferrara station
(black circle) with FOV (yellow polygon) covering area from Adriatic Sea and
coast towards inner regions of Balkan Peninsula.
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Within fourth dataset, propagation paths of VLF signals, emitted from
different directions towards Belgrade AbsPAl receiver from transmitters located in
different parts of the world, were analyzed. This data set was used as basic dataset.
It is important to notice that Belgrade AbsPAl receiving system operates in stable
mode from 2004, with first records made at the end of 2003. System contains 6
channels with 5 dedicated for VLF signals receiving and 1 reserved for system's
time synchronization with GPS satellites. During the stormy night 27" —28" of
May, 2009, these 5 signals were recorded: signal from USA with code name NAA
emitted on frequency 24.0 kHz, signal from UK with code name GQD emitted on
frequency 22.1 kHz, signal from Australia with code name NWC emitted on
frequency 19.8 kHz, signal from Germany with code name DHO emitted on
frequency 23.4 kHz and signal from France with code name FTA emitted on
frequency 20.9 kHz. Characteristics of VLF signal transmitters are given in Table
1.Three propagation paths of VLF signals transmitted from USA, UK and
Germany towards Belgrade receiver were analyzed in detail (bold in Table 1) and
are given in Fig. 9. Signal emitted from USA — NAA/24.0 kHz, with Great Circle
Path (GCP) distance of about 6.5 Mm is partly over-land and partly over-sea
signal trace, with most of the path over sea. Signal emitted from UK — GQD/ 22.1
kHz, with GCP distance of about 2 Mm is partly over-land and partly over-sea
signal trace, with most of the path over land. Signal emitted from Germany —
DHO/23.4 kHz, with GCP distance of about 1.3 Mm has over-land path.

Table 1: List of VLF transmitters

VLF signal code B . Emitted GCP
[Transmitter location .

and frequency ower distance
INAA/24.0 kHz [Maine, USA (44.63 N; 67.28 W) 1000 kW 6547 km
IGQD/22.1 kHz Skelton, UK (54.72 N; 2.88 W) 500 kW 1982 km
INWC/19.8 kHz H. E. Holt, Australia (27.2 S; 114.98 E) 1000 kW 11975 km
IDHO/23.4 kHz [Rhauderfehn, Germany (53.08 N; 7.62 E) 800 kW 1301 km
FTA/20.9 kHz [Sainte-Assise, France (48.54 N; 2.58 E) 400 kW 1413 km

Figure 9: VLF signals’ GCPs as registered by Belgrade AbsPAL receiver system
located at the Institute of Physics (44.85° N; 20.38° E), in Serbia,
on night 27" — 28" of May, 2009.

Integrated analyzed data from all ground-based sources during this particular
night, over area of interest are given in Fig. 10. VLF signal traces, recorded by
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Belgrade AbsPAL receiver are presented with thick black solid lines. Stroke
events reported by EUCLID network, within 2-minute time intervals enclosing
each of TLEs optically documented by IMTN network, are presented by black
squares. Ferrara station camera's FOV is presented with thin dashed black line.
Area enclosing all TLEs optically documented by IMTN network is presented
with white dash-dotted somewhat thicker line. Analyzed VLF signals, coming
from left, pass over region that was hit by the storm activity reported by
EUMETSAT. It should be kept in mind that this graph is projection and because
the Earth's surface is curved, these signal traces are even closer to each other,
especially near Belgrade receiver.

EUCLID network
May 27-28, 2009:
21:41:11 - 02:19:55 UT
« CGandIC

&

ude (*)

)
-

{m il

10 11 12 13 14 15 16 17,18 19 20 21 2 2
longtude ()
Figure 10: Integrated data from ground-based observations on night 27" — 28" of
May, 2009: analyzed VLF signals received in Belgrade (thick solid black lines),
strokes reported by EUCLID network (filled small black squares) and TLEs
documented by IMTN network (within area enclosed by white rectangular of
dash-dotted somewhat thicker line) (Ferrara station (44.82° N; 11.62° E) presented
by black filled circle with FOW presented by thin dashed black line and Belgrade
AbsPAL receiver (44.85° N; 20.38° E) presented by big hollow black square).
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3. RESULTS AND DISCUSSION

Lower lonosphere, as the lowest ionospheric region, extends in height from 50
to 90 km in altitude range, overlapping with atmospheric regions of mesosphere
and lower thermosphere. Earth-lonosphere waveguide is limited with Earth's
surface at its lower boundary and lower ionospheric D-region (50-90 km) lower
boundary, at its upper limit. Employing VLF radio signals for exploration of the
lower lonosphere, nowadays is widely used remote sensing technique. VLF radio
signals, globally propagating through Earth-lonosphere waveguide, are dependent
on electron density changes that take place in the lower ionosphere, as induced by
variety of phenomena from extraterrestrial to terrestrial origin. Ionospheric
conductivity perturbations caused by lightning activity, as one of the agents of
terrestrial origin, usually produce VLF signal amplitude and phase delay
disturbances of small amount and of duration on time scale from several ms to
several tens of ms, sometimes at levels of VLF signal noise, but in some cases can
produce significant striking long-lasting VLF signal disturbances (detailed
analysis is beyond the scope of this paper, form more details see e.g. Silber and
Price 2017, and references therein).

In conducted analysis, focus was on ionization changes along the propagation
path of VLF radio signals induced by the strong release of energy by atmospheric
lightning discharges. The increased ionization is apparent in the perturbation of
the signal amplitude and phase delay with respect to regular undisturbed
ionospheric conditions. The perturbations can manifest themselves thorough
increase or decrease, or as complex - both increase and decrease of VLF signal
Amplitude and Phase delay. Examples of different propagation conditions within
Earth-lonosphere waveguide, within Imin time intervals, during May 2009 are
given in Fig. 11. On the left panel, the example of unperturbed propagation
conditions on 2™ of May is given. The typical example of perturbed propagation
conditions, with isolated VLF perturbation from night 27" — 28" of May is shown
on the middle panel. The typical example of severely perturbed propagation
conditions with numerous VLF perturbations characteristic for intense storm
activity during night 27" — 28" of May is given on right panel. The effects of
induced ionization changes have been observed along different propagation paths
during the entire night 27" —28™ of May, 2009, but the idea was to inspect in detail
narow time intervals in which the sprite events were reported and optically
documented by cameras. On the other hand, VLF traces with obvious, strong and
clear perturbations such as typically on NAA and GQD signals were chosen for
further detailed analysis.
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Figure 11: Different radiopropagation conditions within Earth-ionosphere
waveguide during May 2009: a) unperturbed propagation conditions, b) perturbed
propagation conditions with isolated VLF perturbation and ¢) severly perturbed
propagation conditions.

Typical examples of VLF perturbations during this stormy night are given in
Fig. 12 (denoted by red arrows). Two-minute time intervals enclose sprite events
reported by IMTN network. Reported sprite events, VLF perturbation and reported
stroke events, all are in very narrow time interval, so they belong to the same
storm activity. Accompanying lightning stroke events for above mentioned two
sprite cases, within observed arrea of interest (40° - 48° N; 12° - 23° E) as
reported by EUCLID network, are given in Fig. 13, presented with black squares.

27 May 2009, perturbed conditions 27 May 2009, perturbed conditions
sprite: 22:06:12.9-13.0 UT sprite: 22:46:40.6 UT
lsprite: 22:06:13.2 UT

o
3

NAA/24.0 kHz
2 g

79.4
79.2
79.0

78.8

7.2 8.8 4 T T T 1
220530 220600 220630 220700  22:07:30 22:46:00  2246:30  2247:00  22:47:30 224800

Time UT Time UT

a) b)
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Figure 12: Perturbed propagation conditions on analyzed VLF signals recorded
in Belgrade during the night 27" 28" of May, 2009; typical examples of VLF
perturbations as denoted by red arrows.

102



STORM ACTIVITY OVER BALKAN REGION DURING MAY 2009
. cGandIC - CGandIC
48 - 48 -
47 a7
464 ’ 46 -
45+ - 45

44 4 ol 44 4

':,’*.ir-. Lo

latitude (7)
latitude (7)

B 43 » 3 43
42 42

41+ - 414

40 40

T T T T T T T T T T T T 1 T T T T T T T T T T T T 1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 10 11 12 13 14 15 16 17 18 19 20 21 22 23
longitude (*) longitude (*)

a) b)

Figure 13: Lightning strokes reported by EUCLID network, over area 40° - 48° N
and 10° - 23° E, within 2-minute time intervals enclosing sprite events reported by
IMTN network given in examples from Figure 12.

During this entire night, on all considered VLF traces, series of amplitude and
phase delay perturbations were recorded. Summaries, that can be applied to all 81
cases analyzed, that were related to optically documented TLEs, are as follows:

- VLF perturbations often appeared simultaneously on all analyzed signal
traces,

- although related to the same discharge event, VLF perturbations manifested
themselves different in type and magnitude, which was attributed to the relative
perturbed region's distance from VLF signal's GCP.

- in all 2-min time samples that enclosed each of TLE events optically
documented, registered VLF perturbation corresponded to TLE event within
intervals of few hundreds of ms. Even though VLF perturbation and sprite event
did not exactly coincide within inspected time samples, these phenomena
originated from the same storm activity.

- causative CG strokes were not found for all documented sprites. In most
cases, lightning strokes were reported over observed area within inspected 2-min
time samples and correspondence between two groups of phenomena, like VLF
perturbations and CG strokes on one and VLF perturbations and TLE events on
the other hand, was found. In some cases, correspondence between all these three
types of events, was found.

- one-to-one corresponding between VLF perturbations, TLEs and lightning
strokes was not found in all analyzed cases. Possible reasons are that stroke events
were simply missed by EUCLID, or that sprite was not captured by IMTN camera,
or that VLF perturbation might not is caused by sprite.
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4. CONCLUSIONS

During the same storm activity which may include a number of strokes in
narrow time interval of few hundreds of ms following types of events were
noticed:

a) stroke is followed by sprite and sprite was followed by VLF perturbation,

b) initial stroke for sprite was registered and the sprite preceded or was observed
during the VLF perturbation,

c¢) initial stroke for sprite was not registered and the sprite preceded or was
observed during the VLF perturbation.

It can be concluded:
- in case a) the VLF perturbation is caused by scattering on the sprite body.
- in case b) if the sprite is preceding the VLF perturbation, the later is caused by
scattering on the sprite body; however, if the sprite is observed during the VLF
perturbation, the later is caused by electron density changes in waveguide due to
the stroke. The appearance of the sprite during the VLF perturbation can prolong
VLF perturbation duration.
- in case ¢) the cause of sprite and VLF perturbation was not detected.

In cases with simultaneous VLF perturbations registrations, reasonable
assumption is proximity between perturbed region and receiver. During night 27"
—28™ of May, 2009, intense storm activity was reported both by satellite and
ground-based sources, over area few hundreds of km (up to 400 km) away from
Belgrade receiver. Since all analyzed VLF signal traces passed over very close to
region hit by reported intense storm activity and in vicinity of the area where
TLEs were documented, it is not likely that VLF perturbations were induced by
some other storm activity originated outside this region.
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Abstract. The Europlanet Society, an organization which promotes the advancement of
European planetary science and related fields, has 10 hubs. The Serbian Europlanet Group
(SEQ) is included in the Europlanet South Eastern European Hub (ESEEH) and, currently,
has 20 active scientists.

In this work, we present activities of SEG. Primarily, we describe two Europlanet
workshops organized in the Petnica Science Center: "Geology and geophysics of the solar
system bodies" and “Integrations of satellite and ground-based observations and multi-
disciplinarity in research and prediction of different types of hazards in Solar system” that
occurred in 2018 and 2019, respectively, and the Europlanet session during XII Serbian-
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Bulgarian Astronomical Conference that occurred in Sokobanja 2020. In addition, we pre-
sent other activities that were primarily aimed at connecting SEG members coming from
six institutions as well as the promotion of the Europlanet and ESEEH organizations.

1. INTRODUCTION

The Europlanet society is an organization which promotes the European
planetary science and related fields. Its aims are to support the development of
planetary science at a national and regional level, particularly in countries and are-
as that are currently under-represented within the community, and early career re-
searchers who establish their network within the Europlanet: the Europlanet Early
Career (EPEC) network (https://www.europlanet-society.org/early-careers-
network/ ).

Two Europlanet projects (the Europlanet 2020 Research Infrastructure and the
Europlanet 2024 Research Infrastructure (RI)) are funded through the European
Commission’s Horizon 2020 programme. The first one, lasting 4 years, ended
2020, while the second one runs for four years from February 2020 until January
2024. The latest is led by the University of Kent, UK, and has 53 beneficiary insti-
tutions from 21 countries in Europe and around the world, with a further 44 affili-
ated partners. It provides free access to the world’s largest collection of planetary
simulation and analysis facilities, data services and tools, a ground-based observa-
tional network and programme of community support activities.

The Europlanet consists of 10 Regional Hubs:

e Benelux
Central Europe: Austria, Czech Republic, Hungary, Poland, Slovenia and
Slovakia
France
Germany
Ireland and UK
Italy
Northern Europe: Denmark, Estonia, Finland, Iceland, Latvia, Lithuania,
Norway and Sweden
Southeast Europe: Bulgaria, Croatia, Cyprus, Greece, Romania, and Ser-
bia

e Spain and Portugal

e Switzerland

As one can see, Serbia is one of, current six countries included in the South-
east European Hub that is established in 2019.

More information about organization and activities of this society can be
found at the website https://www.europlanet-society.org/.

2. SERBIAN EUROPLANET GROUP

The Serbian Europlanet Group (SEG) currently consists of 20 members from
6 institutions. Details of members and activities of SEG can be found at
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https://www.europlanet-society.org/europlanet-society/regional-hubs/southeast-
europe/.

The main activities of Serbian scientists in the Europlanet were:

e Organization of two Europlanet meetings and one session,

e Establishing of SEG webpage,

e Participations in the Europlanet science congresses and meetings,

e Participations in the Europlanet NA1 Expert Exchange Program, and

e Participations in the Europlanet commities.

In this paper we describe these activities and present scientific research of
SEG members related to the Europlanet fields.

3. EUROPLANET MEETING ORGANIZATIONS

Serbian scientist organized two Europlanet workshops in Petica Science Cen-
ter near Valjevo in Serbia:
e "Geology and geophysics of the solar system bodies" (24 June— 1 July,
2018), and
e “Integrations of satellite and ground-based observations and multidiscipli-
narity in research and prediction of different types of hazards in the Solar
system” (10-13 May, 2019),
and Europlanet session during the XII Serbian-Bulgarian Astronomical
Conference (XII SBAC) in Sokobanja, Serbia 25-29 September, 2020.

3.1. Europlanet workshops
3.1.1. Workshop in Geology and Geophysics of the Solar System

The workshop took place in Petnica Science Center, Petnica, Serbia (23 June —
1 July 2018) and further details can be found at http://petnica.rs/planetary2017. It
was designed to cover a wide range of topics related to the formation, structure
and dynamics of the Solar System and aimed to attract students and young re-
searchers of various backgrounds and of different levels of experience in the fields
of planetary sciences and space exploration. The workshop attended 43 partici-
pants, of which 24 PhD, 13 master and 6 undergraduate students. They were from
19 different home countries, including 15 from Eastern Europe, 3 from Russia and
4 from Northern Afrika. Other participants came from as far as India, Australia,
and USA. The scientific organizers of the workshop were Dr. Katarina Miljkovic
(Curtin University, Australia), Dr. Ana Cernok (The Open University, UK) and Dr.
Matija Cuk (SETI Institute, USA), supported by the local organizers Dusan
Pavlovic (Petnica Science Centre, Serbia) and Andrea Rajsic, deputy (University
of Belgrade, Serbia). In total, there were 14 lecturers (7 female and 7 male). Alt-
hough there was only one lecturer from a Serbian institution (University of Bel-
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grade), there were 5 other lecturers (including the organizers) who were originally
from Serbia. This planetary sciences workshop was supported by the Europlanet
2020 RI NAT1 (Innovation through Science Networking) Task 5 (Coordination of
ground-based observations) and Europlanet 2020 RI NA2 (Impact through out-
reach and engagement).

3.1.2. Workshop in Hazards in the Solar system

This workshop was focused on integrations of satellite and ground-based ob-
servations and multidisciplinarity in research and prediction of different types of
hazards in the Solar system. The main of this meeting was connection of young
researchers and scientists from under-represented countries, and experts in corre-
sponding scientific fields. The organizer was the Geographical Institute "Jovan
Cvijic" of Serbian Academy of Sciences and Arts. The chairs of the Scientific
committee were Aleksandra Nina, Milan Radovanovi¢ from Serbia and Giovanni
Nico from Italy. In this committee participated 11 scientists from 9 countries. Ale-
ksandra Nina and Milan Radovanovi¢ were co-chairs, and Gorica Stanojevi¢, Vla-
dimir Cadez, Dejan Doljak, Vladimir Sreékovi¢ and Dragoljub Strbac were mem-
bers of the Local Organizing Committee. The meeting attended 33 participants (of
which 11 early career scientists) from 8 European countries: Bulgaria, Croatia,
Greece, Hungary, Italy, Russia, Ukraine and Serbia. Their research fields relate to
different theoretical and observation areas as well as to data sciences. In addition,
two participants were from industry. This event was supported by the Europlanet
2020 RI NAT1 - Innovation through Science Networking, Task 2: Scientific work-
ing groups (Europlanet 2020 RI has received funding from the European Union's
Horizon 2020 research and innovation programme under grant No. 654208) and
the Ministry for Education, Science and Technological Development of Republic
of Serbia. More information about this event can be found at
http://www.gi.sanu.ac.rs/site/index.php/en/activities/conferences-organisation/998-
hazards-sos.

3.3. Europlanet session organised by SEG

Serbian scientists organized a FEuroplanet session during XII Serbian-
Bulgarian Astronomical Conference (SBAS 12) that was held in Sokobanja from
25-29 of September 2020 (see Popovic et al. 2020). Several lectures were held, a
discussion, as well as the report of work of our group in the previous period was
presented. At this Europlanet special session and during SBAC 12, possible direc-
tions for expanding cooperation were discussed with Bulgarian colleagues and
also with colleagues from Europlanet Southeast HUB countries.
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3.4. Participations in the Europlanet Science Congresses
Serbian scientists participated at the Europlanet Science Congresses (EPSC).

The number of participants from Serbia is increasing. 7 scientists from Serbia par-
ticipated in the EPSC-2020 and presented 3 lectures.

Figure 1: Participants of the workshop “Integrations of satellite and ground-based
observations and multidisciplinarity in research and prediction of different types
of hazards in the Solar system” held in Petnica Science Center on 10-13 May,
2019 (photo: Veljko Vuji¢i¢). From left to right:

Upper row: Konstantinos Kourtidis (Greece) , Pal Gabor Vizi (Hungary), Jelena
Petrovi¢ (Serbia), Andelka Kovacevi¢ (Serbia), Dusko Borka (Serbia), Gorica
Stanojevi¢ (Serbia), Zorica Marinkovi¢ (Serbia), Bratislav Marinkovi¢ (Serbia)
and Dejan Doljak (Serbia);

Middle row: Georgi Simeonov (Bulgaria), Inna Pulinets (Russia), Bozhidar
Srebrov (Bulgaria), Dejan Vinkovi¢ (Croatia), Yaroslav Vyklyuk (Ukraine), Pier
Francesco Biagi (Italy), Aleksandra Kolarski (Serbia), Lelica Popovié¢ (Serbia),
Nikola Veselinovi¢ (Serbia) and Zoran Miji¢ (Serbia);

Bottom row: Predrag Jovanovi¢ (Serbia), Vesna Borka Jovanovi¢ (Serbia), Sergey
Pulinets (Russia), Milan Radovanovi¢ (Serbia), Aleksandra Nina (Serbia), Vladi-
mir Sre¢kovi¢ (Serbia), Giovanni Nico (Italy), Milan S. Dimitrijevi¢ (Serbia), Lu-
ka C. Popovi¢ (Serbia), Nataga Todorovié (Serbia), Slavica Malinovié-Miliéevi¢
(Serbia) and Dragoljub Strbac (Serbia).
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3.5. Participations in the Regional Hubs Meetings

On the 4™ and 5™ June 2019, in Hotel Gellért, Budapest the Regional Hubs
Meeting was organized by Melinda Dosa from Wigner RCP with the presence of
the representatives from the Europlanet Society, Benelux Hub (represented by Ann
Carine Vandaele, vice-president of Europlanet Society), Central European Hub,
France, Italy, Northern European Hub, Spain & Portugal and Southeast European
Hub, in total there were 23 researchers present. After the participants introduced
themselves, the talk by Anita Heward, communication officer, was given on the
Role of the hubs in the Europlanet Society and building a sustainable future from
Europlanet 2020 RI. Following discussion was about the importance of widen-
ing.in Europlanet. The focus of the meeting was on Planetary science — technology
— industry synergy: aims and possibilities & Towards a strategy definition. As a
result of this meeting the participation and formal enrollment in Europlanet Socie-
ty by Serbian researchers has been substantially increased.

3.6. Participation in the Europlanet NA1 Expert Exchange Program

Supported through the Europlanet NA1 Expert Exchange Program, Dr. Alena
Zdravkovi¢, curator of the Mineral and Rock Collection of the Faculty of Mining
and Geology in Belgrade, Serbia, visited The Open University in October 2017 to
work with Dr. Ana Cernok and other experts in meteorite science. During this vis-
it, six meteorite samples from the Marquis de Mauroy collection of the Mineral
and Rock Collection (01. Lancon, 02. Bath, 03. Powder Mill Creek,
04.Morrisyown Hamblen, 05. Merceditas and 06. Hex River, with numbers repre-
senting a handing number at the Open University) were used for polished thin-
and thick-section preparation at the Open University, Milton Keynes, UK. Lancon
and Bath are fragmented chondrite meteorites, Powder Mill Creek and
Morrisyown Hamblen are mesosiderites, and Merceditas and Hex River are iron
meteorites. Since the meteorite samples belong to a very old collection, dating
from 1899, due to inadequate equipment and unprecise preparation facilities in the
laboratory of Faculty of Mining and Geology in Belgrade, those kind of samples
were never used for utilizing cut and polishing preparations. This visit aimed at
meteorite thin-section preparation was an important milestone for this Serbian col-
lection. It was the first such opportunity to open and present the collection to an
international scientific community. More importantly, those are the only thin sec-
tions of meteorite samples available at Belgrade University, and will therefore
serve as precious teaching material for students educating, as well as for initiating
meteorite research.
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3.7. Participations in the Europlanet committees

As a member of the Southeastern European Hub Committee, Aleksandra Nina
participated in two teleconferences and one meeting of the Selection committee
for Europlanet funding.

3.8. Other activities

Lecture during XIX Serbian astronomical conference (19 SAC) held at the
Serbian Academy of Sciences and Arts in Belgrade, from October 13 — 17, 2020
(see Kovacevic et al. 2020).

4. SOME STUDIES OF SEG MEMBERS

SEG members are scientists in four research fields: astronomy, geophysics,
physics and geography. Here we present a few research that are in Europlanet are-
as.

4.1. Astronomy

4.1.1. The functional relation between mean motion resonances and
Yarkovsky force on small eccentricities

We examined asteroid's motion with orbital eccentricity in the range (0.1, 0.2)
across the 2-body mean motion resonance (MMRs) with Jupiter due to the
Yarkovsky effect. We calculated time delays dt» caused by the resonance on the
mobility of an asteroid with the Yarkovsky drift speed. We derived a functional
relation that accurately describes dependence between the average time lead/lag
dtr, the strength of the resonance SR, and the semimajor axis drift speed da/dt with
asteroids' orbital eccentricities in the range (0.1, 0.2). We analysed average values
of dtr using this functional relation comparing with obtained values of d#» from
the numerical integrations. On the basis of the obtained results and analyses, we
conclude that our equation can be used for the 2-body MMRs with strengths in the
range [1.3x107%, 2.2x107*], for Yarkovsky drift speeds in the range [2.6x107*,
2x107] au/Myr and for asteroids' orbital eccentricities in the range (0.1, 0.2)
(Mili¢ Zitnik 2020a).

4.1.2. The specific property of motion of resonant asteroids with very slow
Yarkovsky drift speeds

We examined the specific characteristics of the motion of asteroids with very
slow Yarkovsky drift speeds across the 2-body MMRs with Jupiter, whose
strengths cover a wide range. It was found that the test asteroids with very small
Yarkovsky drift speeds moved extremely rapidly across MMRs (order of magni-
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tude 10~ au/Myr or less). This result may indicate that, below a certain boundary
value of da/dt asteroids typically move quickly across MMRs. From the obtained
results, it is concluded that the boundary value of the Yarkovsky drift speed is
7x107° aw/Myr (Mili¢ Zitnik 2019).

4.1.3. The relationship between the 'limiting' Yarkovsky drift speed and
asteroid families' Yarkovsky V-shape

We examined the relationship between asteroid families' V-shapes and the
'limiting' diameters in the (a, 1/D) plane. Following the recently defined 'limiting'
value of the Yarkovsky drift speed at 7x10™ au/Myr, we decided to investigate the
relation between the asteroid family Yarkovsky F-shape and the 'limiting'
Yarkovsky drift speed of asteroid's semi-major axes. We have used the known
scaling formula to calculate the Yarkovsky drift speed in order to determine the
inner and outer 'limiting' diameters (for the inner and outer V-shape borders) from
the 'limiting' Yarkovsky drift speed. The method was applied to 11 asteroid fami-
lies of different taxonomic classes, origin type and age, located throughout the
Main Belt. Our main conclusion is that the 'breakpoints' in changing V-shape of
the very old asteroid families, crossed by relatively strong MMRs on both sides
very close to the parent body, are exactly the inverse of 'limiting' diameters in the
a versus 1/D plane. This result uncovers a novel interesting property of asteroid
families' Yarkovsky V-shapes (Mili¢ Zitnik 2020b).

4.1.4. Improvement of modelling of atmospheres using A&M data

We continued to work on topics of modelling various atmospheres (using new
software packages and supercomputers) and diagnostic of the astrophysical (ter-
restrial and space) and laboratory plasma using A&M datasets e.g. rate coeffi-
cients, Stark broadening parameters, line profiles (the shape of atomic spectral
lines in plasmas contains information on the plasma parameters, and can be used
as a diagnostic tool), etc. Results which are of interest for Europlanet community
are presented in our recently published papers (see e.g. Ignjatovi¢ et al. 2019,
Sre¢kovic€ et al. 2020, Majlinger et al. 2020, Dimitrijevi¢ et al. 2020) as well as in
database MolD http://servo.aob.rs/mold (Marinkovi¢ et al. 2019) hosted on SerVO
at AOB.

4.1.5. Correlation of solar wind parameters with cosmic rays observed with
ground station

It has been well known for more than half a century that solar activity has a
strong influence on galactic cosmic ray (GCR) flux reaching Earth (anti-
correlation). Coronal mass ejections (CMEs) structure and shockwave can addi-
tionally modulate GCRs, which could results in a transient decrease in observed
GCR intensity, known as Forbush decrease (FD). These FDs can be detected even
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with ground muon detector (Savi¢ et al. 2019). Variation of GCR can be analyzed
correlating in situ measurement of the particles species present in solar wind with
ground observations. Correlation between the 1-hour variations of GCR and sev-
eral different one-hour averaged particle fluxes was found during FDs and it de-
pends on energy of the particles of the solar wind as well as cut-off rigidities of
secondary cosmic rays detectors on ground.

4.1.6. Habitability of exoplanets

Balbi, Hami and Kovacevi¢ (2020) present a new investigation of the habita-
bility of the Milky Way bulge, that expands previous studies on the Galactic Hab-
itable Zone. This work discusses existing knowledge on the abundance of planets
in the bulge, metallicity and the possible frequency of rocky planets, orbital stabil-
ity and encounters, and the possibility of planets around the central supermassive
black hole. The paper focuses the two aspects that can present substantial differ-
ences with respect to the environment in the disk: (i) the ionizing radiation envi-
ronment, due to the presence of the central black hole and to the highest rate of
supernovae explosions and (ii) the efficiency of putative lithopanspermia mecha-
nism for the diffusion of life between stellar systems. Authors devised analytical
models of the star density in the bulge to provide estimates of the rate of cata-
strophic events and of the diffusion timescales for life over interstellar distances.

This article has been published as an invited contribution in the Special Issue
"Frontiers of Astrobiology" edited by Manasvi Lingam.

Another concern for habitability is the presence of the supermassive black
hole in the Galactic center, but also in nearby Active galactic nuclei, that could
have resulted in a substantial flux of ionizing radiation during its past active phase,
causing increased planetary atmospheric erosion and potentially harmful effects to
surface life as shown by Wistocka, Kovacevi¢, Balbi (2019).

The goal of this paper is to improve our knowledge of the erosion of
exoplanetary atmospheres through radiation from supermassive black holes
(SMBHs) undergoing an active galactic nucleus (AGN) phase.

Authors extended the well-known energy-limited mass-loss model to include
the case of radiation from AGNSs. In the paper was calculated the possible atmos-
pheric mass loss for 54 known exoplanets (of which 16 are hot Jupiters residing in
the Galactic bulge and 38 are Earth-like planets, EPs) due to radiation from the
Milky Way's (MW) central SMBH, Sagittarius A* (Sgr A*), and from a set of 107
220 AGNs generated using the 33 350 AGNs at z < (.5 of the Sloan Digital Sky
Survey database.

It was found that planets in the Galactic bulge might have lost up to several
Earth atmospheres in mass during the AGN phase of Sgr A*, while the EPs are at
a safe distance from Sgr A* (>7 kpc) and have not undergone any atmospheric
erosion in their lifetimes. It was also found that the MW EPs might experience a
mass loss up to 15 times the Mars atmosphere over a period of 50 Myr as the re-
sult of exposure to the cumulative extreme-UV flux FXUV from the AGNs up to z
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= 0.5. This work was featured in famous Forbes Magazine in their section Innova-
tion.

4.2. Geophysics

4.2.1. Investigation of a possible new type of lower ionosphere precursor of
earthquakes

Analysis of the signal transmitted in Italy and received by the AbsPAL receiv-
er in Belgrade in the period around the earthquake that occurred in the vicinity of
Kraljevo on November 3, 2010 indicated a change in the amplitude of the signal
less than an hour before this event. Although this change has not been reported in
the literature, an additional study of several earthquakes indicates the existence of
this change in other cases as well. The first study of this phenomenon is presented
in Nina et al. (2020), and a broader statistical analysis is underway.

4.2.2. Modelling of solar X-ray flare influence on propagation of satellite
signals

Due to the low electron density, the unperturbed D-region has practically no
effect on the propagation of satellite signals. Therefore, it is generally not involved
in modeling of signal propagation path or, if it is, its influence is given by analyti-
cal expressions based on observational data from higher altitudes. In Nina et al.
(2020b), it is shown that during intense perturbations of this ionospheric layer due
to the influence of solar X-ray flares (they do not perturb significantly higher
ionospheric layers except when their intensity is very strong) it is necessary to in-
clude observational data for the D-region in modeling the propagation of satellite
signals.

4.2.3. Satellite radar technique for atmospheric water vapor measurement
and modelling effects of the ionospheric disturbances

Atmospheric water vapor measurement can be carried out in many different
ways. One of the techniques for observing and measuring atmospheric water vapor
is through satellite radars, precisely the Synthetic Aperture Radar (SAR) used and
carried on the platform of many active satellites. In Radovi¢ (2020) are introduced
four of such satellites and the water vapor modelling technique called SAR Inter-
ferometry is described as well. Along with the above mentioned in Radovi¢ (2020)
it is demonstrated how neglecting the ionospheric disturbances that can occur dur-
ing the satellite radar measurement of the water vapor can influence the modelling
of certain parameters which are connected to the measured atmospheric water va-
por.
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4.2.4. Remote sensing of the atmospheric aerosol

Atmospheric aerosol plays one of the most important roles in climate changes
and environmental issues through direct (scattering and absorption of solar and
terrestrial radiation) and indirect (modification of cloud condensation nuclei
through aerosol-cloud interaction) effects. In Miji¢ and Perisi¢ (2019), study the
relationship between satellite acrosol optical depth (AOD) measurements by Mod-
erate Resolution Imaging Spectroradiometer (MODIS) and PM (Particulate Mat-
ter) concentrations data set from the Belgrade region was investigated. The pre-
liminary results showed that AOD retrieved from a satellite sensor can be consid-
ered as a good proxy for ground observed PM mass concentrations. Within the
EARLINET (European Aerosol Research Lidar Network) network a stand-alone
lidar-based method (Papagiannopoulos et al. 2020) for detecting airborne hazards
for aviation in near real time (NRT) is developed. In addition, Belgrade lidar sta-
tion has been involved in ESA ADM-Aecolus mission (the first high-spectral reso-
lution lidar in space) Cal/Val activity through validation of L2A products of aero-
sol and cloud profiles of backscatter, extinction and lidar-ratio.

4.2.5. Atmospheric disturbances due to severe stormy weather over Balkan
region

Strong release of energy by atmospheric lightning discharges induced
ionization changes along the propagation path of several Very Low Frequency
(VLF) radio signals that had been received and recorded by Absolute Phase and
Amplitude Logger (AbsPAL) system located in Belgrade (44.85° N, 20.38° E), at
the Institute of Physics Belgrade, University of Belgrade, Serbia. Increased
ionization is apparent in the perturbation of the signal amplitude and phase delay
with respect to regular undisturbed ionospheric conditions. Integrated ground-
based observations were performed with the aim to find coincidence and possible
relationship between phenomena of VLF signal perturbations, optically
documented Transient Luminous Events (TLEs) and documented lightning stroke
events, during the stormy night of 27"-28" of May, 2009. The survey enclosed
data from three independent sources: 1) VLF signal records from Belgrade
Institute for Physics database, 2) video records of sprite events from ITALIAN
METEOR and TLE NETWORK (I.M.T.N.) database and 3) detected lightning
strokes from European Cooperation for Lightning Detection (EUCLID) network
database. In most cases, the correspondence between VLF perturbations and CG
strokes and on the other hand, VLF perturbations and TLE events, was found. In
some cases the correspondence between all three phenomena was found (Kolarski
2019, 2020).
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4.3. Physics

4.3.1. V. Celebonovi¢ has been working on the problem of impact craters on the
surfaces of solid planetary and satellite bodies. He showed that using standard sol-
id state physics and measured properties of the craters, one can derive various pa-
rameters of the impactors. The calculations were checked on several known ex-
amples, and the agreement is reasonable.

4.3.2. The role of electron induced dissociation in the comet’s coma and the find-
ings during Rosetta spacecraft mission have been the subject of investigation pub-
lished in Marinkovi¢ et al. (2017). Data needs for modelling electron processes in
cometary coma and their influence on the interpretation of the observed data by
Rosetta instruments, have been discussed together with the currently available da-
ta and databases, where BEAMDB (Belgrade Electron/Atom(Molecule) DataBase
- http://servo.aob.rs/emol) is given as an example (Marinkovic¢ et al. 2019).

4.4. Geography

4.4.1. Our research was devoted to the determination of the causal relationship
between the flow of particles that are coming from the Sun and the hurricanes Ir-
ma, Jose, and Katia. As a result of the preliminary analysis, using 12,274,264 line-
ar models by parallel calculations, six of them were chosen as best. The identified
lags were the basis for refinement of models with the artificial neural networks.
Multilayer perceptrons with back propagation and recurrent LSTM have been cho-
sen as commonly used artificial neural networks. Comparison of the accuracy of
both linear and artificial neural networks results confirmed the adequacy of these
models and made it possible to take into account the dynamics of the solar wind.
Sensitivity analysis has shown that F10.7 has the greatest impact on the wind
speed of the hurricanes. Despite low sensitivity of pressure to change the parame-
ters of the solar wind, their strong fluctuations can cause a sharp decrease in pres-
sure, and therefore the appearance of hurricanes (Vyklyuk, et al. 2019).

4.4.2. Forest fires that occurred in Portugal on 18 June 2017 caused several tens of
human casualties. The cause of their emergence, as well as many others that oc-
curred in Western Europe at the same time remained unknown. Taking into ac-
count consequences, including loss of human lives and endangerment of ecosys-
tem sustainability, discovering of the forest fires causes is the very significant
question. The heliocentric hypothesis has indirectly been tested, according to
which charged particles are a possible cause of forest fires. We must point out that
it was not possible to verify whether in this specific case the particles by reaching
the ground and burning the plant mass create the initial phase of the formation of
the flame. Therefore, we have tried to determine whether during the critical peri-
od, 1.e. from 15-19 June there is a certain statistical connection between certain
parameters of the solar wind and meteorological elements. Based on the 2 hourly
values of the charged particles flow, a correlation analysis was performed with
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hourly values of individual meteorological elements including time lag at Monte
Real station. The application of the Adaptive Neuro Fuzzy Inference System mod-
els has shown that there is a high degree of connection between the flow of pro-
tons and the analysed meteorological elements in Portugal. However, further veri-
fication of this hypothesis requires further laboratory testing (Radovanovi¢ et al.
2019).

5. CONCLUSION

In this paper we present activities of Serbian scientists in the Europlanet. We
describe two Europlanet workshops organized in the Petnica Science Center: "Ge-
ology and geophysics of the solar system bodies" and “Integrations of satellite and
ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system” that occurred in 2018 and 2019, respec-
tively, and the Europlanet session during XII Serbian-Bulgarian Astronomical
Conference that occurred in Sokobanja 2020. In addition, we present other activi-
ties that were primarily aimed at connecting SEG members coming from six insti-
tutions as well as the promotion of the Europlanet and ESEEH organizations. Sev-
eral studies relevant for the Europlanet research fields are presented in the second
part of this paper.
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Abstract. Milutin Milankovi¢ took a different approach to climatology, when compared to
other meteorologists of his time, and can be considered a key figure in laying down the
foundations of modern climatology, where celestial mechanics was the foundation upon
which Milankovi¢ based his theory of climate change.

Under the guidance of Vojislav Miskovi¢, director of the Astronomical Observatory,
mathematicians Stanimir Fempl and Dragoslav Mitrinovi¢ performed the lengthy and very
comprehensive calculations. At the University of Belgrade in 1932 their scientific
endeavor was completed. This work involved a multidisciplinary approach. Mathematician
Mihailo Petrovi¢ Alas published a paper about this important project.

The problem of the shape of the Earth and the position of the Earth’s poles was
addressed by Milankovi¢ in 1932 and 1933, prompted by earlier suggestions of Alfred
Wegener (1880-1930). Milutin Milankovi¢ published papers on the subject of
Mathematical Climatology in significant scientific publications, such as the Handbook of
Climatology and Gutenberg’s Handbook of Geophysics. However, his works were not
easily accessible to the interested scientists because few of the libraries had all the volumes
of these Handbooks and other journals. The idea of creating his Kanon was presented at a
meeting of the Academy of Natural Sciences in Belgrade in 1938. Mathematician Tatomir
Andjeli¢ did a tremendous amount of work during the preparation of Milankovi¢’s Kanon.
Kanon was published in 1941 in Belgrade.

After World War II, under the heading Open Problems, Milankovi¢ presented 26
topics related to his work for further investigation to members of the Mathematical
Institute, the Astronomical Institute, as well as graduate and doctoral students. Among
them are several topics that are related to his Kanon.
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1. INTRODUCTION

Milutin Milankovi¢ (1879—1958) opted for a different approach to climatology
than meteorologists at the time. Therefore, it can be considered that he participated
in laying the foundations of modern climatology. Celestial mechanics was the
basis upon which he founded the theory of climate change (Milankovi¢ 1952).

A great deal of work regarding the scientific research of Milutin Milankovi¢
has been done at the Astronomical Observatory in Belgrade. Based on the work of
the French astronomer Le Verrier (1811-1877), the calculations of secular
changes in the astronomical elements of the Earth’s trajectory were revised, taking
into account the mass of each of the planets known until 1928.

2. ASSOCIATES IN THE CREATION OF THE “KANON”

Under the guidance of Vojislav Miskovi¢ (1892-1976), director of the
Astronomical Observatory, mathematicians Stanimir Fempl (1903—-1985), then an
assistant, and Dragoslav Mitrinovi¢ (1908—1995), then a student, performed the
lengthy and very comprehensive calculations using mechanical calculators (Janc et
al. 2019) (Fig. 1). Their scientific endeavor was completed. It consisted of forming

Figure 1: The astronomer’s desk at the Museum Collection located at the
Meteorological Observatory. It features the Original Odhner Gothenburg, one of
the desktop computing machines that was used to perform Milankovic’s
calculations. (Foto: N. Janc, 1987.).
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an approximate picture of the insolation of the Earth’s surface, as well as the
relationship that exists between the insolation and the temperature of both the
Earth’s surface and the atmosphere. The work involved mathematicians and
astronomers who taught mathematical physics, celestial mechanics and astronomy.

Mathematician Mihailo Petrovi¢ Alas (1868-1943) published a paper
Occasion of a Recent Application of Astronomy to Climatology (1932) on this
important multidisciplinary project. He said:

“This year, a new scientific endeavor was completed at the University of
Belgrade this year, with the cooperation of mathematicians and astronomers who
teach mathematical physics, celestial mechanics and astronomy at the University’s
Faculty of Natural Sciences. The endeavor consisted in forming an approximate
picture of the course of the insolation of the Earth’s surface, as well as the
relationship between the Sun’s surface and the temperature of the Earth’s surface
on one side and the atmosphere on the other.

No matter how difficult this task may have been, having consisted in re-doing
the work all over again, because the corrections made on the masses of the planets
originated from their last calculations, and then recalculating values of secular
inequalities for the elements of motion of the planet (which included 600,000
years before 1800), Mr. Milankovi¢ took it without hesitation. Assisted by Mr. V.
V. Miskovi¢, Director of the Astronomical Observatory of the University of
Belgrade, who took over all astronomical calculations, could successfully
complete this work on testing his new theory of climate change on Earth.”
(Petrovi¢ 1932).

Dragoslav Mitrinovi¢, professor of mathematics at the Department of
Electrical Engineering in Belgrade, wrote in his memories:

“For the purpose of scientific research, Professor M. Milankovi¢ undertook at
the Astronomical Observatory in Belgrade, during 1928 and 1929, the tedious
work of recomputing the secular changes of the astronomical elements of the
Earth’s trajectory, based on Le Verrier’s work, and taking into account the values
of the masses of planets known by 1928. The work was organized like this.
Stanimir Fempl, then a university teaching assistant, and I, then a student,
independently of one another, had to perform the proposed calculations.”
(Mitrinovi¢ 1968).

In his work Milankovi¢’s Contribution to the Astronomical Theory of Ice Ages
(1979), Stanimir Fempl, professor of mathematics at the Faculty of Civil
Engineering in Belgrade, writes that Milankovi¢ initially used Stockwell’s results,
but later used results of Miskovi¢. "He (Miskovic¢) used LeVerrier’s calculations
as more reliable, but he made corrections according to new knowledge about
planetary masses. He did that with the cooperation of his assistants, Dragoslav
Mitrinovi¢ and Stanimir Fempl. The calculations lasted for almost three years.
Miskovi¢ also determined the degree of accuracy with which the calculations were
performed” (Fempl 1979).
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In 1930, Miskovi¢ initiated and edited the Yearbook, which, from the
following year, was renamed the Yearbook of Our Sky. The same year the second
edition of the Annuaire de [’Observatoire astronomique de [’Université de
Belgrade was published. On this occasion, Milankovi¢ sent his congratulations to
Miskovi¢ in a letter dated November 24, 1930. Milankovi¢ also wrote that he
realized that some of the tables could be further elaborated, e.g., Table 5 Length of
day and night in the polar zones. (Lange Tage und Ndchte der Polarzonen) (Janc
et al. 2018). He asked Miskovi¢ to prepare some more tables for him, which he
marked on a separate piece of paper; unfortunately, that paper was not preserved
(Janc et al. 2018). He needed the tables by the second half of December 1930 for
his paper The Earth Rotation that he was preparing for the Handbook of
Geophysics (Janc et al. 2018).

The problem of the shape of the Earth and the position of the Earth’s poles
began to be addressed by Milankovi¢ in 1932 and 1933, following the earlier
suggestions of Alfred Wegener (Andjeli¢ 1979). Milutin Milankovi¢ has published
papers on the subject of Mathematical Climatology in significant scientific
publications, among which are the Handbook of Climatology and the Gutenberg’s
Handbook of Geophysics. However, as he noted, his works were hardly accessible
to interested readers because few of the libraries had all the volumes of these
Handbooks and other relevant journals (Milankovi¢ 1952). So, he decided to
publish all his papers on the paleoclimatic problem in a separate book (Milankovi¢
1952). This is how the idea of creating the Kanon was born. The idea and content
of the book were presented on March 27, 1938 at a meeting of the Academy of
Natural Sciences in Belgrade, when a decision was made to publish it as an edition
of the Serbian Royal Academy, in German, so that it would be accessible also to
foreign scientists (Milankovi¢ 1952).

Tatomir Andjeli¢ (1903—-1993) was a professor of theoretical mechanics at
Faculty of Science in Belgrade and academician of SANU. In the period 1928—
1945 he worked as a high school professor of mathematics and at the same time he
was a teaching assistant in rational mechanics at the University of Belgrade. He
performed a lot of work in checking formulas, numerical tables, languages, etc. in
Kanon (Trifunovié¢ 2007).

The Borba newspaper published on March 15, 1958 an article entitled Palms
and Bananas in Belgrade, which claims that “In the next 100,000 years we will
not reach the Ice Age — according to the mathematician Fempl” and quoted him as
saying: “The results I have received are not only very interesting, but are
encouraging as well. It turned out that in the future, in forty thousand years, the
amount of heat emitted by the sun would constantly increase in our northern
hemisphere. In the southern hemisphere, in the temperate zone, where New
Zealand is located, the picture will be quite different. Very high minimums will
appear, ten thousand and twenty thousand years from now.”
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3. PROBLEMS TO BE WORKED ON

Milutin Milankovi¢ left room for future associates on Kanon. Under the title
Problems to be worked on, he presented 26 topics that could be addressed by
members of the Mathematical Institute, the Astronomical Institute, as well as by
graduate students and doctoral students (Trifunovi¢ 1979). Given that Milankovi¢
mentions the Mathematical Institute, the list of topics must have emerged after the
year 1946 (Trifunovi¢ 1979). Some of the topics:

For the Mathematical Institute

A model of secular insolation on Earth

For the Astronomical Institute

A new study of secular perturbations for the past and the future

A new determination of the aberration constant using extragalactic objects

For graduate students

Insolation of the Earth’s tropical zone, the caloric equator

Exactly calculating the secular course of insolation of the Earth over the past
50,000 years and as many future years

Insolation curve based on the theory from Chapter X VIII of the Kanon

For Ph.D. candidates

The exact calculation of the coefficient m

Calculation of the annual insolation of the parallels ® = w (t); see “Theorie
mathématique.” From here, heat parameters are calculated... from the equation ®
tH=w(1+T/2).

The theory of meteors passing through the Earth’s atmosphere

Calculation of the coefficients by, b1, b1, b[J of Table VI (“Kanon”, p. 312)
using the method reported on p. 313-315 of “Kanon.”

Study of atmospheric circulation, computational and by a model. To start with
steady state. Mean annual temperatures (or insolation) on the parallels

Investigate separately the effect of changes in the inclination of the ecliptic on
the insolation of the Earth with the assumption of a circular path, and then
separately the influence of the change of eccentricity. That would be a quite
simple derivation for geologists.

The problem of rolling snowballs

The problem of two bodies, §5 “Foundations of Celestial Mechanics” if M and
therefore p are considered to be variable (linear)

The list indicates that Milankovi¢ himself saw the need for certain topics in
the Kanon to be processed in a modern way, given the new scientific data and
numerical methods using modern computers (Trifunovi¢, 1979).

4. CONCLUSION
The Kanon of Milutin Milankovic was of crucial importance for

understanding climate change and its causes. Under the leadership of Milankovic,
a multidisciplinary team was engaged in the realization of his idea and research, as
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described by Mihailo Petrovi¢ Alas (1932). People from several disciplines were
involved in various phases, both in terms of professional education and academic
title, from students to PhD scientists and academics.

This paper precisely emphasizes this aspect of cooperation, which, as
Trifunovi¢ (2007) writes, was the first case of teamwork in Serbian science, which
helped to complete the exceptional work of Milutin Milankovi¢.
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Abstract. Didactic poem, Phaenomena writen by Aratus of Soli, Catasterismi
(Kotaotepiopoi) the only surviving scripture associated before with Eratosthenes of
Cyrene and De Astronomica, also known as Poeticon Astronomicon, attributed earlier to
the Roman historian Gaius Julius Hyginus, and their translation to Serbian, have been
considered.

1. INTRODUCTION

A long, didactic poem, Phaenomena writen by Aratus of Soli (Apatog 0
Yokevg; ¢. 315/310 BC — 240 BC) is the oldest preserved astronomical text in
Europe, created about 270 BC. The macedonian king, Antigonus II Gonatas (c.
319-239 BC) ordered and financed this work. Aratus sought and found the sources
of astronomical knowledge in the work with the same name of Eudoxus of Cnidus,
which he transformed in a poem, making it easier to read and remember. In the
following times his poem became very popular, gladly read throughout ancient
Greece and then Rome, often translated into Latin, which greatly increased the
number of transcripts so that it has been preserved to these days, unlike the book
of Eudoxus.

The similar description of mythical origin of constellations is Catasterismi
(Kataotepiopoi) the only surviving scripture associated before with Eratosthenes
of Cyrene (Epatocfévng 6 Kvpnvaiog - ¢. 276 - ¢. 194 BC), the chief librarian at
the Library of Alexandria, whose works were burnt down when it is burned and
exist only in fragments. This text came to our time as an epitome, a short version
of a larger work, and, the unknown author is named Pseudo-Eratosthenes. It is also
a famous works of antiquity about heaven and, unlike the text of the similar
content (Phaenomena) of Aratus, from which many mythological topics in this
text have been taken, provides data on the number, and brightness of stars in the
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described constellations, so that represents a kind of the first preserved star
catalogue of ancient Greece.

The third book with the similar content is De Astronomica, also known as
Poeticon Astronomicon, attributed earlier to the Roman historian Gaius Iulius
Hyginus, though the true authorship is disputed.

We translated in Serbian Phaenomena, Catasterismi and Poeticon
Astronomicon. In this contribution we consider and discuss these three writings.

2. ARATUS OF SOLI AND HIS PHAENOMENA

Aratus is born in Cilicia (today in southeast of Turkey), in the lonian colony
of Soli, about 315 BC. He was a student of Menecrates from Ephesus and Philitas
from Cos. He was in contact with the stoic philosopher Zeno from Athens, who
probably recommended him to the Macedonian king Antigonus II Gonatas (c.
319-239) from Pella. He came to Pela around 276 BC, in the service of the king,
as court’s doctor. Antigonus most likely ordered and financed the famous work of
Aratus, Phaenomena., created around 270 BC. Aratus visited also the court of the
Antiochian king Antiochus I Soter of Seleucia ( 324/3 - 261 BC), where he spent
some time, as well as Alexandria and other cultural centers of the eastern
Mediterranean region. He passed away around 240 BC and has been burried in
Soli. Recently, are discovered rests of his monumental grave.

Figure 1: Aratus of Soli, the marble sculpture in the Archaeological museum
of Naples.
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Aratus's didactic poem Phaenomena is based on the astronomical text with the
same name of astronomer and mathematician Eudoxus from Cnidus (¢ 390 — ¢
337).

Eudoxus, a student of Plato, left us the first systematic description of the
constellations, established the first sophisticated geometric model of the motion of
celestial bodies, and significantly improved observational astronomy. He studied
mathematics with Architas of Tarentum and after his stay in Asia Minor in Czicus
he came to Athens, where he joined Plato's Academy. He later returned to his
native Cnidus, where he built an observatory.

He tried to explain all the peculiarities in the motion of celestial bodies on the
basis of a combination of uniform circular motions. According to the Eudoxus
model, stars are located on a sphere, which once a day rotates around an axis
passing through the Earth, and the movement of other celestial bodies is described
by a combination of rotating spheres with each axis tilted relative to the previous
one at a certain angle.

The Eudoxus system could not predict the movements of celestial bodies
accurately enough. Also, he was not able to explain why the planets change their
speed, as well as their brightness, since they are always at the same distance from
the Earth, if their spheres are concentric. However, he advanced this science so
much that the whole period up to Hipparchus is often called the period of
Eudoxian astronomy.

Phaenomena is a long, didactic poem, with 1154 verses, divided in several
chapters: Stars and constellations, Circles of celestial sphere, About planets,
Risings and settings of stars and constellations. The last part refers to atmospheric
phenomena and meteorological knowledge and beliefs. This is a book about astro-
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Figure 2: The fist translation of “Phaenomena” of Aratus of Soli on Serbian,
published 2017.
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nomical knowledge of Hellenistic Greece, in the time whe they were only
descriptive, when astronomers could only descrie what they saw on the sky.

Aratus's work was very popular and often commented and translated into
Latin in the Hellenistic and Roman periods, so that it has been preserved to this
day, unlike the original work of Eudoxus, on which the author relied. The most
famous of the commentators is Hipparchus, who lived about a hundred years after
Aratus, the "father" of mathematical astronomy, whose only preserved work was
just the commentary of Aratus' poem Phaenomena, to which he added a
commentary of the work of Eudoxus from Cnidus. The oldest preserved copy in
the Greek language appeared six centuries later by Theon from Alexandria (c. 335
— c. 405). Many translations have been made in Latin, the best known by Cicero,
Germanicus and Avenius.

The work of Aratus and Eudoxus still inspires scientists and raises several
questions:

. What are the sources of Eudoxus' astronomical data?

. How old are the astronomical data that Eudoxus possessed?
. To what extent did he make observations himself?

. Did Eudox really make a star globe?

. From where did he observe the sky?

. What instruments were available to him?

. How accurate are his astronomical data?

The answers were sought, among others, by Isaac Newton (17th-18th
century), and many scientists after him.

The research to answer some of these questions was conducted by Ovenden
(1966), Roy (1984) and Zhytomirsky (1999) and (2003). They came to the
conclusion that the latitude of that hypothetical observational place can be
approximately determined on the basis of those stars of the southern celestial
hemisphere that are not visible from there, that is, those that are not mentioned in
the work. Using this premise, they determined that the observation site was
located at a latitude of about 36° N (plus or minus 1.5°), which best suits the island
of Crete, although it may be in the southernmost parts of Asia Minor. The
scientists were also interested in the observation time. Knowing the precession of
the Earth's axis, as well as the change in its inclination, they wondered at what
point the arrangement of the stars in the sky was exactly as described by Aratus.
Using different methods, all three came to very surprising conclusions: Ovenden
found that the observation had to be done in 2600 BC (plus or minus 800 years),
because some constellations had the positions stated by Aratus just then; Roy
determined that it was in the year 2000 BC (plus or minus 200 years), while
Zhytomirsky's calculations were very similar to the latter.

Criticizing their works, Schaefer (2002) pointed out several remarks: first, that
the authors, when determining the latitude of the place, from which the results
would possibly be obtained, did not take into account the refraction of light, so
that the position of stars reported by Aratus are different. When this is taken into
account, along with a few other astronomical parameters, Schaefer obtained the
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result that the southern constellations, described in Aratus's work, could be
observed from a latitude of 31-33°, which corresponds, for example, to Phoenicia
and not Crete. The same author pointed out another remark on the works of
Ovenden, Roy and Zhytomirsky: none of these three authors published the
calculations on which their conclusions are based.

In 2006, Rousseau and Dimitrakoudis used computer software to analyze
Greek myths relating to the stars and constellations, as well as the geographical
terms mentioned in them as the scene of the events described in each individual
myth. They understood this as potential places of observation of the sky and
determined that the data used by Aratus agree somewhere with the time when
Eudoxus lived, but sometimes they reach the year 2000 BC. From their work, it
follows that Eudoxus, in writing his work, on which Aratus later relied, used
sources obtained from different places and at different times. Denis Duke (2008),
a mathematician and statistician from the University of Florida, performed a
statistical analysis of the Eudox data given by Aratus in his poem. His calculations
narrowed the time span of sky observations to between 1150 and 300 BC, but they
did little to the problem of determination of the location of the observations.

In the same year Elly Dekker (2008), investigating the conditions necessary to
make a star globe, analyzes whether they were fulfilled in Eudoxus' time. The
author points out that the descriptive tradition, to which both Eudoxus and Aratus
belong, will be replaced by the mathematical one in the following centuries, which
will be followed already by Hipparchus. This leads to a certain misunderstanding
of Eudoxus's data, so, guided by certain conventions, which already existed at that
time, she believes that Eudoxus must not have respected them, when they did not
exist yet. Decker underlines a certain degree of standardization of the
constellation, which Hipparchus knew and did not exist in the time of Eudoxus.

The same author emphasizes the importance of the fact that, when observing
the sunrise on the days of solstices and equinoxes, the observer cannot directly see
the constellation in which it is located, because it is shaded by light, but is
indirectly oriented towards the constellation from the ecliptic,a briefly seen on the
eastern horizon before sunrise (helical sunrise). In order to know exactly where the
Sun is at the time of sunrise, the observer needs to have a precise instrument for
measuring time and the knowledge that the celestial sphere rotates by 15° every
hour. The clepsydra certainly does not allow for such precision. If we add to this
the fact that the constellations from the ecliptic were not standardized (to an
angular range of 30°), nor was there a convention that the center of the
constellation Aries is at a declination of 0°, it becomes clear that Eudoxus could
have made a star globe of his own observations, but he could not claim high
precision. Eudoxus was not even aware of the precession of the Earth's axis, due to
which this zero point moves slowly over time. In the absence of precise tools, it
takes too much self-confidence to ignore older data and rely solely on the results
of your observations.
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Figure 3: The Kugel Globe (perhaps a part of an armillary sphere?) is dated
around II century BC. It may be the earliest celestial globe to survive from
Classical antiquity. It was acquired 1996 and held for some time in the Gallery J.
Kugel Antiquaries in Paris (France). The Kugel Globe, which is now in a private
collection, was reportedly found in the area of Lake Van, the largest lake in
Turkey, located in the far east of the country.

The conclusion is that Eudoxus could have made a star globe, but it is not at
the same time proof that he really did it. This is inferred from indirect data, found
on two star maps, one discovered in a manuscript from the 11™ century AD,
known as Aberistvid NLW 735, the other from Monza, created in the 12" century
(MS B 24/163 ), which show star maps, apparently copied from the globe, whose
constellation drawings are quite similar to Eudoxus' data. This indicates that, at the
time of writing, there could still be in Europe a specimen of a globe, made
according to Eudoxus.

Previous research has shown that Eudoxus most likely observed the sky
himself, and that, based on his observations as well as those of his predecessors
and teachers, he most likely made the oldest star globe, which unfortunately has
not been preserved, but some, a couple of centuries younger, made in his style,
fortunately exist, such as the famous "Kugel globe", from the second century BC.

Aratus's work is, now for the first time, translated in the Serbian language
(Apat u3 Comna, 2017).
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We used the translation on English of G. R. Mair (Aratus of Soli, 1921) and
Greek original.'

3. CATASTERISMI OF PSEUDO-ERATOSTHENES

Catasterismi are the only surviving scripture associated with Eratosthenes of
Cyrene (Epatocfévng 6 Kvpnvaiog - c. 276 - c. 194 BC), Greek mathematician,
geographer, poet, astronomer and theoretician of music, the chief librarian at the
Library of Alexandria, whose works were burnt down when it is burned and exist
only in fragments. This text came to our time as an epitome, a short version of a
more extensive work, from the end of the first century of our era. In the Middle
Ages and during the renaissance, it was believed that it refers to the more
comprehensive lost Eratosthenian work. Today, it is generally thought that this is
not true, although some scientists defend the opposite view, so often the author is
called Pseudo-Eratosthenes.

Catasterismi (Kotaotepiopoi) in Greek means placing among the stars and
denotes the transformation of a hero or object into a star or constellation. It is one
of the most famous works of antiquity about heaven and describes the
mythological origin of the constellations, the planets and the Milky Way, but,
unlike the text of the similar content (Phaenomena) of Aratus of Soli, from which
many mythological topics in this text have been taken, provides data on the
number, and shine of stars in each of the described constellations, and in a way
represents the first preserved star catalogue of ancient Greece. In addition, it also
gives indications on the appearance of a person who personifies the constellation
so that we can consider them in the way they are conceived in the Hellenistic
world. In chapters 1 to 42, 43 constellations were considered, of the 48 (including
Pleiades) described by Ptolemy. Chapters 43 and 44 speak of five planets and the
Milky Way.

We made the first translation of Catasterismi (JJumutpujesuh, bajuh, 2019) to
the Serbian language with appropriate comments. We used translation of Kondos
(1997) on English, and of Halma (1821) on French where also the text in Ancient
Greek is given, as well as the text of Olivieri (Pseudo-Eratosthenes, 1897) in
Ancient Greek created on the basis of five complete manuscripts and one partial
(Fragmenta Vaticana), which used and Kondos. The great contribution of Kondos
is his attempt to identify the stars mentioned by Pseudo-Eratosthenes. We included
his identifications of stars in our translation.

! Aratus, Phaenomena,
http://www.perseus.tufts.edu/hopper/text?doc=Perseus%3 Atext%3A2008.01.0483
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4. DE ASTRONOMICA OF HYGINUS

De Astronomica or Poeticon Astonomicon contains information about the
knowledge of celestial bodies and their apparent movements, as well as the ways
in which that knowledge was incorporated into the understanding of the world and
the religion of the ancient Romans and Greeks. It was written by a certain
Hyginus, which is quite clear, because the author's signature exists at the very
beginning, together with a dedication to a certain M. Fabius. Unfortunately, the
author did not use the obligatory Roman trinomial, which defines the identity of a
person more precisely. Therefore, it is not entirely clear whether this is the same
Caius lIulius Hyginus, the former slave of Octavian August liberated by him and
appointed to the post of the Head of the Palatine Library and a friend of the poet,
Ovid. There are indications that this is not exactly that Hyginus, because he lived
from ¢ 64 BC to 17 AD, while the author of this book lists the constellations in a
very similar order, which was used by Ptolemy in his 4/magest, two hundred years
later. Therefore, it is justifiably suspected that the author of this book lived in the
second century of the new era, although it must be admitted that he did not quote
Ptolemy as the source of his data in any single place. These dilemmas regarding
the identity of the author of this book cannot be resolved, because Ptolemy himself
could have used the order of describing the constellations of an earlier author,
whose work has not been preserved, which would not diminish the significance of
his Almagest.

Lippincott (2011) noted that Germanicus Iulius Caesar (24 May 15 BC — 10
October AD 19), who in 4 AD wrote a Latin version of Aratus's Phainomena,
corrected a number of the astronomical mistakes, criticized later by Hipparchus.
Lippincott, as an additional argument, underlines the fact that ,,Eratosthenes was
the Keeper of the great Library of Alexandria“ and Hyginus was on the same duty
in the Palatine Library in Rome. This facilitated to him to cite in his work 44
Greek authors as counted by Bunte.” Lippincott (2011) says that among Greek
authors Hyginus cites the work of Eratosthenes 21 times, ,,with ample evidence of
additional, uncredited use elsewhere”.

In his preface to Book I of De Astronomica, Hyginus says that he wants to
give clearer explanations of the celestial sphere than Aratus, as well as to examine
these issues more deeply. In the beginning of the Book I is the dedication to a
certain ‘M. Fabius’, and an overview of the topics which the author wants to
discuss, followed by detailed description of the celesial sphere and the
corresponding circles.

2 Hygini Astronomica, ed Bernh. Bunte, Leipzig, Weigel, 1875, pp. 3-6.
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Figure 4: Two pages from the Erhard Ratdolt edition (1492, Venice) of the “De
Astronomica” showing woodcuts of the constellations Cassiopeia and Andromeda.
http://www.usno.navy.mil/library/rare/rare.html.

Book II gives myths connected with 42 constellations and discuss the
mythologies associated with the five planets and the Milky Way. Book III presents
desiption of each constellation, with indications of the shape and position of the
figure. Additionally, the positions of the stars relative to the figure itself, are
provided. Book IV provides the position of the constellations on each celestial
circle, the unequal division of the night and day and the risings and settings of the
constellations relative to the signs of the zodiac. Hyginus considers also the
movements of the Sun and the Moon and the five planets. The end of the
manuscript has been lost. Lippincott (2011) assumes that at the end was the
consideration of the Metonic cycle, finding an indication for it in the Preface of
Book I where Hyginus speaks about Meton and the accuracy of his observations of
lunar and solar movements (Hygini Astronomica, 17-20, on p. 21) .

De Astronomica was included in the texts used for elementary learning of
astronomy so it has preserved in a significant number of copies. It is translated to
great world languages and now, we translated t on Serbian. We used one of Latin
textes (Hygini Astronomica, €1875) and Russian (I'urun, 1997), English (Condos,
1997) and French (Hygin, 1983).
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These three manuscripts, Aratus‘s Phaenomena, Catasterismi of Pseudo-
Erathosthenes and De Astonomica of Hyginus, first time translated in Serbian,
give a view on Eudoxan astronomy and the corresponding developments from
Aratus in IV century BC to Hyginus during the reign of Octavian Augustus.
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Abstract. The study tests the hypothesis that artistic representations on some stecak
tombstones can illustrate certain knowledge and beliefs from pre-Christian mythology,
cosmology and religion, as well as the calendar knowledge of the Balkan Slavs. Ste¢aks
are tombstones made of large marble monoliths. These are dated to the Middle Ages.
Older researchers attribute them to the Bogumils, a religious sect whose religious beliefs
are not sufficiently known, but that assumption has been abandoned. Now, it is believed
that some of these were built by Christians (both catholics and orthodox), some by
Muslims. Some are richly decorated with relief, some have inscriptions, written in Bosnian
Cyrillic, in a language that is indisputably Slavic. Two stecak tombstones, found in the
local cemetery in Donja Zgos¢a near Kakanj, in present-day Bosnia, are analyzed in this
paper. These two are certainly not decorated with either Christian or Muslim symbols.

1. INTRODUCTION

Donja Zgosc¢a is located in central Bosnia, north of Kakanj, on the banks of
the river Zgos¢a. Two stecak tombstones, investigated in this paper, were found
there in the old cemetery known as Crkvine, at geographical coordinates 44° 09
'17.5 “N, 18° 07' 54.5 E. The cemetery is heavily vandalized now, but, fortunately,
these two stecak tombstones were transferred to State Museum in Sarajevo a long
time ago. Both of these are richly decorated with relief.

2. GREAT STECAK

The stec¢ak is made of marble monolith, large in size: 265 cm long, 139-147
cm wide, 146 cm high at the corners and 169 cm at the ridge. It stands on a slab
about 40 cm thick, which was buried to ground level. It differs from all other
stecak tombstones in the fineness, precision and richness of its construction. It is
oriented east-west (Truhelka, 1933, p. 12), All its surfaces, except the upper one,
are decorated with relief. Because of its beauty and artistic achievement, it is
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considered to be a monument to either a ruler or a high priest. There is no
consensus among scientists about the time when it was made and it is not known
who was buried under it. Radioisotope dating of the mortal remains of the
deceased has not been done.

Figure 1: Western side (anti-facade) of the Great Stecak.

At the western side', we can see twelve rosettes, arranged in four verticals,
consisting of three rosettes each. This can be understood as four seasons of three
months each, which make up a solar year, therefore, as a symbolic representation
of the calendar. That is why we should look at the facade, facing east:

The fagade of the large ste¢ak tombstone from Zgosca seems to illustrate the
verses of a folk poem from the collection of Vuk Karadzi¢ (Women's Folk Songs,
Book 1, Poems Nos. 81 and 78):

O, Durmitor, o high mountain!
A white city was seen above you,

And above the city THREE SUNS were shining...

Vuk Karadzi¢ (Women's Folk Poems, Book 1, Poem No. 78)

! Most of the photographs of the ste¢ak tombstones were taken from the book by Alojz
Benac, and Oto Bihalji-Merin (1964), when these monuments were in a much better
condition, before the acid rains and before the experiments of the conservators.
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Figure 2: The eastern side (fagade) of the Great Stecak.

This is exactly what we see on the facade of the stecak: a city above a palisade
of logs with a gate. Above the middle houses of the city, three rosettes are clearly
visible, which can be understood as three Suns.

There was a belief among Serbs that three Suns were shining in the sky once.
Nenad D. Jankovi¢ wrote about it (1951, p. 38) referring to Vuk Karadzi¢ and
Simo Trojanovi¢. Belief in the existence of three Suns, according to the same
author, has its basis in the atmospheric appearance of parhelia. Christian books do
not mention the trinity of the Sun, so this visual representation can only be
understood as a remnant of the old religion of Balkan people.

In the collection of Vuk Karadzi¢, there is another variety of the poem that
mentions those three Suns, which begins as follows:

O, Vitor, o high mountain,
Above you, THREE SUNS were rising ...

Vuk Karadzi¢ (Women's Folk Poems, Book 1, Poem No. 81)

Mount Vitor does not exist in the Balkans. However, Christian missionaries
who baptized the Slavs of Polab and Pomerania in the twelfth century AD mention
the hill of Vithora, which was located above the city of Arkona, on the island of
Rujan (today's Riigen). In the town of Arkona there was a temple of the four-
headed Slavic God Svetovid (Swantevit), known on Balkans as Vid. The same
missionaries also gave a description of the statue of Svetovid (Vid), which had
four heads. That gave us the idea to look for Svetovid on this facade as well:
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Three human figures are standing at the city gate and the fourth human figure
can be seen hidden, in the first house on the left in the city. (The image is not
sharp enough, but the right hand one of the three figures on the gate seems to hold
in its right hand some round, hollow shape, resembling a ring.)

Figure 3: Ring in the hand of the first character on the right.

The representation of the ring is not a rarity on Herzegovinian stecak
tombstones, on the contrary, we see it quite often, especially on those from
Radimlja near Stolac, and it can also be seen in the hand of the famous idol from
Zbru¢, which is one of the few preserved visual representations of Svetovid. There
are whole groups of such ste¢ak tombstones, which depict a hero with a powerful,
large either right or left hand, over which is a ring. The ring is obviously
important. Why?

Figure 4: A detail of the ste¢ak from Radimlja.
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Figure 5: Four sides of the idol of Svetovid from Zbruch: one of his aspects has a
ring in his hand.

The palisade below the city is very interesting: at first glance, it looks like a
mountain, but that's not all. To the left of the gate, it consists of six logs (or posts),
which, going towards the gate, grow in length. There are as many of these on the
right side of the gate, a total of twelve, but starting from the gate to the right, their
height is getting smaller. These could be associated with the twelve months in a
solar year. If the gate represents the summer solstice, then the length of the logs
illustrates well the length of the solar day in certain months. This reinforces the
assumption of the calendar significance of the ste¢ak tombstone. Therefore, we
should look at the other elements on the facade:

On the "lower floor" of the fagade, two horses can be seen, with human
figures between them, but the stecak is damaged there, so it is not possible to
determine how many of these figures there are. The left horse is without a rider,
while on the right one a small human figure seems to be riding on the horse back
and it looks like a child. (If there were three characters in the middle, then the total
number is again four, if there were only two characters in the middle, then, with a
small rider on the right horse, there are three in total.)

Of course, we should look at the north side of the stecak, in order to check this
interpretation:
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Figure 6: North side of the large stecak tombstone.

We will first look at the upper half of the northern side of the ste¢ak, which is
separated from the lower one by a border frieze. We can see five horsemen. Each
of them has a hat:

The first of them is a bit bigger than the others, so it is probably more
significant. It was marked with a plaque, on which there was an inscription once,
which is known to have been intentionally destroyed (carved out) in the
seventeenth century. The face (or faces) of that rider was also destroyed, which
could mean that it was especially important.

Following the leading one, we can see three horsemen, each one with a rosette
above. They are marked with a common plate from which the inscription is also
destroyed. The second one of those three riders was damaged, only a part of his
left leg along with buttocks and his sword can be seen, as well as a part of his right
arm with a spear. Rosettes above the riders can signify three Suns.

The last rider is not marked by a nameplate, but his identity is revealed by the
iris flower which is above him. It could be Perun, the Slavic God of Thunder. The
Serbian word for iris, Perunika, is derived from Perun’s name.

Thus, we get a "formula" that could interpret the four-faced Svetovid, who in
the Balkans was called Vid.

Vid (quaternity) = Triglav (Trinity of the Sun) + Perun (the God of Thunder)

According to what we know about Svetovid (Vid) so far, he was the God of
light, Sun and war. Saxon Gramaticus informed us in detail about this, in his work
"Gesta Danorum." The same author stated that the festival of Svetovid was
celebrated in the temple in Arkona "just before the harvest." It means that it was
the time of the greatest power of the Sun. If we wanted to determine more
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precisely the day of the greatest power of the sun deity, it would be the summer
solstice, when the day is the longest, and it is "just before the harvest."

On the lower half of the stecak’s north side three scenes are depicted: deer
huntingz; wild boar® hunting; a wolf, chained to a tree. The third one reflects the
popular belief that in the World of the Dead there is a large tree (oak or hawthorn)
to which a wolf is chained. The beast gnaws that chain, threatening to free itself.
The moment the chain is almost broken, Christmas comes, someone shouts "Christ
is born" and the chain is good as new again. There is also a belief that this happens
when a gypsy blacksmith strikes his anvil with a hammer (Cajkanovi¢, V, 1924, p.
132). Since the wolf, according to Carl Gustav Jung* (1943, p. 349), is a symbol of
death and rebirth, the last scene almost certainly shows the world of the dead,
which is confirmed by the above-mentioned folklore. Since Christmas is
mentioned in that story, we realized that the scene also refers to the winter period.
A dragon is above the wolf.

Figure 7: Stecak tombstones at the original location, the old cemetery in Zgosca.

? Deer hunting is a very common motif on steéak tombstones (Mileti¢, N: (1982), p. 74)
and a favorite topic in mythology. Deer are often hunted in Serbian folk poem, most often
in ritual wedding ones. King Arthur, from the Welsh myth (The Story of Geraint, son of
Erbin) hunted a white deer on a holiday called Sul Gwyn, (meaning “white Sun” or “holy
Sun”), which is the Welsh name of the summer solstice. Deer hunting was also found on
Thracian frescoes. The deer symbolizes the Sun of the first half of the year, youth, the ruler
himself and ritual purity. After sacrificing a deer, the ruler acquires the right to marry. In
the calendar, the Sun ceases to be "young" from the summer solstice, the hot days of
summer go by. The ruler is mature and in his full strength.

’ Wild boar hunting is known by the myths of many peoples. Hercules hunted the wild
boar, it is one of his twelve feats; the Vedic Indra hunted the wild boar, Emuza; King
Arthur hunted the wild boar Twrch Trwyth (in The Story of Kilhwch and Olwen). South-
Slavic folklore has not preserved a single story about a powerful hero who hunted a wild
boar, but it is known that on Christmas even today it is obligatory to eat pechenitsa, ie pork
roast, which may indicate a ritual sacrifice of a boar for the winter solstice.

* Karl Gustav Jung, (1943) Psihologija i alkemija, Naprijed, Zagreb, II izdanje, 1983.
(C.G. Jung, Psychology and Alchemy).
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The trees in this part of the ste¢ak can be identified: deer hunting takes place
next to a pine tree, the coastal one, with a wide canopy in the form of an umbrella.
The wild boar hunt takes place near the tree from which the leaves are missing.
The wolf is tied to an oak, the leaves of which have a quite recognizable shape.

Given that the figure of a deer hunter is just below the figure we thought to
represent Svetovid, whose holiday was celebrated just in time of the summer
solstice’, we thought that a gnomon placed in the right place would be missing,
whose shadow would "fall" on the first rider and deer hunter on the day of the
summer solstice, at sunrise. Thus, this ste¢ak tombstone could also have its
practical use for determining the calendar. The assumption of the existence of a
gnomon was confirmed: in the immediate vicinity of the large ste¢ak tombstone
from Zgosca, at the original location, there was another ste¢ak tombstone, known
as the Pillar from Zgosc¢a, which is suitable to be a gnomon because of its shape.
That stecak is also in the State Museum in Sarajevo.

This photograph is one of several preserved, showing both Zgosca ste¢ak
tombstones, in the original location.

3. THE PILLAR FROM DONJA ZGOSCA

This monument is also made of marble monolith, large in size. Its total height
of about 300 cm. Its upper part is in the form of a four sided prism, Its cross
section is rectangular, 54 x 44 cm, and its height 100 cm. The lower part of the
pillar has a height of 200 cm, of which about 60 cm is buried in the ground. We
can say that because of the absence of the decorative elements. The edges are cut
at an angle of 45°, so its cross section is a slightly flattened octagon. The total
height of the part above the ground is about 240cm, together with the transition
zone between the upper and lower part, of which the lower, narrower part is about
140 cm. We notice that this height is approximately equal to the height of the side
edge of the large ste¢ak tombstone (146 cm).

The following photo shows the Pillar from Donja Zgos¢a, which is now also
in the garden of the State Museum in Sarajevo, as well as the Great steCak
tombstone. The term "original location" is only conditionally correct, because both
these stecak tombstones were obviously moved there, and the large one was
seriously damaged (vandalized) by somebody who was looking for buried treasure
a long time ago.

> Saxon Gramaticus, who in his work "Gesta Danorum" gave a precise description of the
temple of Svetovid, near the town of Arkona, on the island of Rujan (today's Riigen),
literally says that the festival of Svetovid was celebrated "just before harvest." The same
author states that Charlemagne burned the Temple of Svetovid in the 8" century for the
first time and imposed on the Rujans the Christian cult of Saint Vitus (from Sicily), whose
holiday was fixed for June 15 instead of the one of the Slavic God. At that time, the Julian
calendar was exactly six days behind the natural, solar calendar, which would mean that
the holiday was exactly on the summer solstice day.
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Figure 8: The Pillar from Donja Zgosca.

The pillar-shaped stecak is sloping (see the figure no. 7), probably on the side
where somebody was digging, probably with the same goal. At the same time, a
part of it ornaments was buried in the ground, which means that it "sunk" more
than it should.

Nevertheless, the joint photograph from the original location shows us that the
two stecak tombstones are in some spacial relationship. The north side of the large
steCak tombstone (the one with five riders and a deer hunter) faces the pillar-
shaped stecak. According to the position of the shadows, we would say that the
large stecak was oriented east-west. The same was stated by Dr Ciro Truhelka, the
former director of the State Museum, in his description of these steCak
tombstones.

It is possible to place the PILLAR so that its summer solstice shadow covers
the first rider, his nameplate and a deer hunting scene in the moment of sunrise. It
should be located at an azimuth of about 56-57° in respect to the northeast corner
of the large stecak, at any distance. When the first ray of the Sun appeared on the
summer solstice, the shadow of the pillar would cover the first rider, his name-
plate, as well as the entire scene of deer hunting. This all applies to the case that
the horizon is plane (0°), about which there is no precise data, because no astro-
geodetic survey was performed on the site. According to available photographs,
the northeastern horizon is approximately plane.

If the pillar was positioned at the azimuth of 56-57° in respect to the front edge
of the large ste¢ak, we can see that the matching is complete. The shadow of the
pillar will, at sunrise on the summer solstice, cover the entire scene of deer
hunting and, above it, the first rider, the one who was marked with a special plate.
(We have already assumed that the plaque read "Svetovid.") At the same time, if
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the pillar is placed at the appropriate angle, its distance from the large stecak is
completely irrelevant.

This solution corresponds very well to the position seen in the photo from the
original location.

There is another detail on the Pillar, which speaks in favor of the calendar
significance of these monuments:
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Figure 9: A detail from the Pillar.

These two lines on the pillar intersect at an angle of 67° (2x33.5°), which is the
exact angle of the total shift of the sunrise point from the summer solstice to the
winter solstice, at this geographical latitude.

All these calendar symbols on this pair of stecak tombstones are hardly a
coincidence. The pattern on the Pillar shows four small rosettes (a qaternity)
together with a unifying element (a larger rosette with a four-pointed star).
Therefore, we should look at the other (southern) side of the large stecCak
tombstone from Zgosc¢a to check all this (See figure 10).

The symbolism is similar to the symbolism seen on the north side, only this
time we need to look from right to left. Again we can see five horsemen in a row,
by the bottom of the stecak.

The first one is obviously different from all the others, he rides in the opposite
direction from them and has a "Tree of the World" above him. This horsman is
exactly opposite to the one we marked (on the north side) as Svetovid. Everything
fits again, the Tree of the World is always tied to the supreme deity’. This
horsman is directed from east to west, as befits a solar deity.

® An oak tree is dedicated to Zeus, an ash tree called Igdrasil to the Nordic Odin, and an
oak tree to Svetovid.
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Figure 10: The south side of the Great Ste¢ak tumbstone.

The next three horsmen have, in the corner of the square in which they are
located, one small rosette each in the shape of the Sun and two more in a rectangle
above, in total, THREE each (three months of one season).

The last rider in the lower left corner has an iris flower in a square, and the
flower wreaths are in a rectangle above him, arranged in two rosettes (not "Sun
Wheels," but rosettes composed of flowers). Again, he could be identified as
Perun and is located right behind the rider we marked as Perun on the opposite
side of the stecak. This side of the stecak contains the same "formula" as on the
one we commented on earlier:

Perun (thunder God) + Triglav (Trinity of the Sun) = Svetovid (quaternity)

All the symbolism of solar numbers exists on the large ste¢ak thumbstone
from Donja Zgosca:

12 - as twelve months of the solar year
3 - as THREE SUNS and TRIGLAYV and three months in a season
4 - as four seasons and the quaternity of SVETOVID (VID)

The symbolism of visual representations also corresponds to the solar cult.

There is also the Tree of the World, so important in solar religious systems;
There is also the iris plant, as Perun's sign; There is deer hunting (summer
solstice); There is also wild boar hunting; There is a WOLF, a symbol of death,
chained to the TREE OF THE WORLD — AN OAK; There is a DRAGON, a
symbol of FIRE.
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All this defines these two ste¢ak tombstones as a unique calendar monument,
closely connected with the observation of the sky and the determination of the
cardinal days of the year (solstices and equinoxes).

Neither of these two stecak tombstones, neither the large one nor the one in
the shape of a pillar, present any convincing Christian symbol, as well as Muslim
ones: no cross, no crescent moon. The symbols, carved on the surface of these two
monolith marble blocks can be "read" by following the old religion’ of the Balkan
Slavs, its iconography and mythology.

Looking carefully at the large stecak tombstone from Zgosc¢a, we did not find
any traces of the lunar calendar. If it is a calendar, then it is purely solar.

4. PARALLELS

There is only one stecak, very similar to the Great stecak. The construction is
the same and the individual elements of its relief are closely resembling, both
stylistically and symbolically, with those on the Great Ste¢ak. Therefore, there is a
high probability that they were carved by the same master, at approximately the
same time. This ste¢ak tombstone has not been published, so there is no available
information about its original position. Now, it is located in front of the Kakanj
Municipality building.

Figure 11: Ste¢ak tombstone from the vicinity of Kakanj.

" We were NEVER claiming that all the ste¢ak tombstones are pagan. We know that there
are some of these with clear Christian symbols, as well as with clear Muslim symbols.
Christianization of the inhabitants of Bosnia and Herzegovina was completed only by the
end of the tenth century, when the Narentians (Neretljani in Serbian) were baptized by
force, after they had been defeated in a war with Venice. It seems logical that remnants of
the old religion can be expected a couple of centuries later, especially at remote places.

150



A PAIR OF STECAKS FROM DONJA ZGOSCA

Three horsemen can be clearly seen, corresponding to those three on the
stecak from Zgo$¢a marked with a rosette, i.e. the trinity of the Sun. Above them,
there is a border freeze of 12 three-leaf clovers, which is associated with 12
months of the solar year. The opposite side of the stecak should also be seen:

Figure 12: The human figure feeds the dragon "out of hand".

You can see a human figure, feeding a winged snake (dragon) out of his hand.
This is probably Perun (the master of celestial fire, symbolically represented by
the dragon). Again, he could be the fourth member of the quaternity, an aspect of
the four-faced Svetovid. The facade of the stecak looks like this:

Figure 13: Facade of the ste¢ak tombstone - unifying figure with a bow, an arrow
and a ring.
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We will look at another stecak, in the shape of a horizontal slab.

Figure 14: Ste¢ak tombstone from Listica.

Slab-shaped stecak tombstones are considered to be the oldest (Wenzel,
Mariana 1962, 102-143). This one, shown in the previous picture, was found in
Listica, in Western Bosnia.

The crescent Moon is clearly visible, which is why it can be thought that
celestial bodies are shown on it. There are also three larger rosettes, which can be
understood as three Suns, just like on the Great Ste¢ak from Zgos¢a. There are
also three swastikas. Swastika is an ancient symbol of the sky, which would
support the previous assumption. There is also a unifying symbol, a three-leaf
clover, which can signify the unity of the three Suns (like Triglav). Next to the
Moon's crescent is probably Venus, in the shape of the morning "star" Danica, or
the evening, Vecernjaca, shown as a smaller rosette. It is astronomically true that
Morning star (Danica) can be near the waning crescent only, while Evening star
can only be near the waxing crescent Moon. It is always close to the Sun, at a
maximum elongation of 47°.

Christianity was not very interested in the Moon (except when calculating the
date of Easter). It was not interested in Venus either and certainly did not
understand the Sun as triple. The visual representations on this ste¢ak are a part of
a different cosmology.

CONCLUSIONS

Sources for the study of the pre-Christian mythology of the South Slavs
obviously exist, both in folk literature and in monuments of material culture.
Within these sources, one can search for (and find) both knowledge and beliefs
about the sky, celestial bodies and the structure of the world, as well as the
calendar knowledge. Vuk Karadzi¢, in the second edition of his Dictionary (1852,
under S), states that the people in the vicinity of Imotski call the stecak tombstones
"Old Feith Stones" (“Kamenje Starovirsko”), which can also point to the old, pre-
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Christian faith of the Balkan Slavs. At the creation time of the steCak tombstones,
the autochthonous Romanized Illyrian population had been assimilated long since.
There are no traces of the Illyrian language on these monuments. There is no Latin
either.

An interpretation is good if it explains a large number of phenomena.
Unfortunately, no one has researched either the symbols of celestial bodies or
traces of pre-Christian cosmology and calendar knowledge on ste¢ak tombstones
so far. Therefore, it is not possible to cite multiple references for interpretations
given in this paper.

Since being placed under the protection of UNESCO, ste¢ak tombstones have
become a "sensitive political issue" between Croats, Serbs and Bosniaks. Issues of
origin and identity are never resolved without emotions, often exaggerated.
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BEHEPA Y MUTOJIOT'HJU JYKHUX CJIOBEHA
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Pesume. Y pany je TecTupaHa XuIoTe3a Ja HApOTHO JIMTEpapHO CTBAPaJallTBO
Oankanckux CioBeHa MOXKe Jla TpeAcTaBba J00ap M TOY3IaH HM3BOP 32 H3y4yaBame
BUXOBe Npenxpuirhancke penurdje u mutonoruje. Kako pemuruja ¥ MUTONOTHja TIO
NPaBUWIy YKJBYUYjy U CXBaTame CBETa y ojapel)eHoj KynTypH T.j. KOCMOJIOTH]Y, Y UCTUM
U3BOPHMA CE€ MOTY IOTPAKUTH U 3HaHa U CXBaTama 0 He0y M HeOSCKUM TeJIMMa U HauuH
Ha KOjU Cy Ta cXBaTama yrpaheHa y MUToBe u oOpejie. Y KOHKPETHOM CIly4ajy, HCIIUTaHO
je mecto mranere Benepe y npenxpumhanckoj penuruju 6ankanckux CiioBeHa.

YBO/I — MmuTo/10THja, KOCMOJIOTHja W KeHCKH MPUHIUII

W3 HajoaBHUjUX MPaUCTOPHUjCKUX BpPEMEHA TMAaleOJUTa, HACICAWIH CMO
CTEaTONIMTMYHE cTaTyeTe, JaHac IOmyJapHO Ha3BaHe Benepama. OOamHe
UXOBUX KaMEHHMX WM KOIITAaHWX Tejla Cy JOBEIAeHEe y Be3y ca IUIOAHOImhy H
MpacTapoM JbYACKOM YEKIOM 3a 00MJbeM XpaHe W TomumHe. OpaTiie JUpeKTaH
acouujanmonu Hu3 Bomu Ao mpexacraBe MAJKE, xako oHe 3emaibcke, ,,MoOje
Majke*, TaKo U OHe KOCMHUYKE, ,,Bennke Majke®, Koja je poJuiia 1 OJTHETOBaIa CBe
mto nocroju. Tako cxBaheHa, Majka MoCTaje jeJlaH apXeTHIl, ca Builie MeljycoOHO
MOBE3aHUX 3HAUCHA.

Ilpeacrasa ,,Moja Majka™ CTOjU y KOpPEHY CBHUX OCTaJMX IpeAcTaBa ,Bemuke
Majke*. beH 3Hauaj HUje mOoTpeOHO ajke 00janImaBaTh jep CBaKo Ha Y MOXE Ja
MPOjeKTyje NIOKUBJbA] CBOje COICTBEHE MajKe M yTKa CBOje, II0jeIMHAYHO
HCKYCTBO, CTE€YEHO TOKOM oOflpacTama. 30Mp THX IOjelMHaYHMX MpeacraBa he
MMaTH MHOTO 3ajeIHUYKHX eJeMeHaTa, Koju he oO0JMKOBaTH MPEACTaBy ,,Bennke
Majke”.

VY maneonuty, Mecel je cMaTpaH peryiaTopoM 3eMaJbCKUX Mpolieca: BpeMe je
MEpEHO NpeMa BberoBuM (azama, Koje JaHac Ha3MBaMO CHHOIMYKUM MeceueBuM
nukiaycom. ®Pa3a myHor Mecena je cmarpaHa MpexycilioBOM 3a IUIOAHOCT, (haza
TaMHOT Mecena je Omiia BpeMe CEKCyaJIHOT y3AprKaBamba, Jakje HEeloBOJbHA 3a
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aKTUBHOCTH 4Hju je 1uib TwiogHocT (Knight, Cris, 1987). He moxe ce mokazarw,
M W3riieAa cacBuM Moryhe ga cy mpaucTtopujcke (QUTrypuHe, aHac Ha3BaHE
Benepama, 3ampaBo mnpencraBe Bemuke Majke y nuky Mecena (JlyHa),
HajBEpOBaTHHUj€ OHOT MyHOT, uMajyhu y Buay 3a0KpykeHo Teno. Tako 6u Bennka
Majka perymmcana noHamame Oyayhinx 3eMasbckux Majku (M 04eBa).

Ca monackoM HeosuTa (ca 3eMJbOPaIB-OM U CTOYapCTBOM), IpeAcTaBa Bemnke
Majke ce oborahyje: oHa nocraje Benuka Majka 3emiba, Koja y XujeporaMuju ca
CyHuem 3aunme U paha IuiogoBe 3emibe, OWIbKE, )KUBOTUEE W Jbyne, Aajyhn
obmibe. Any, 3a oaHOCT 3eMibe, CyHIle HHje JOBOJbHO: HEONXOIHA je BOJa, KOja
Moxe gohu ca 3emibe, Kao Boja M3BOpa, NMOTOKA M peKa, amu W ca Heba, Kao
atMocdepcka Boja, kuma. Kako ce ctaprja BepoBama TEIIKO MOTITYHO OpHIry u3
cBecTH Jbynu, Bemuka Majka y oBOM TpeHYTKy WMa cBOj JHK Bennke Majke
3emsbe, anu ¥ Bennke Majke Mecel (k0joj ce foJesbyje BIacT HaJl BOAaMa).

HajpasBujennje kyntype OpoH3aHOT n00a Hama3e HayMHA Ja HW3TPATHOM
MOHYMEHTAITHUX UPUTAHOHUX CHCTEMa, CACTABJbEHHUX M3 KaHajla M akyMyJialuja,
3arocrojape TOKOBUMa BoJa, Koje he craButu y cinyxkOy 3emibopanme H
croyapctBa. ['oToBO na HHje moTpeOHO MOCEOHO TOMHUEATH OOWMHE XUAPO-
perynamnuone cucreme npoHaljeHe y rpajioBUMa Kyirype aoinHe VHIa i oHe y
Meconortamuju. Kynrype Oponsanor noba cy jacHo maTpuueHTpuyHe: Mecen y
HEKHMa O]l BbUX TyOH CBOjy KEHCKy mpupony, nma y Meconoramuju nocraje bor,
o umeHy Hammy-Cyen. Tako, Benmnka Majka 3emipa 100Hja HOBOT TIapTHEpA,
00’KaHCTBO OJIyje ¥ TPOMa, Y YHjoj je KOMIIETCHIUjH, Y3 HeOecKy BaTpy (IpoM) U
HeOecka Boja, kuma. Komnerenuuja Hag mnoaHomhy npunana u HoBoj borumu,
Wnanu (umm Mrap), Kojoj ce mpumucyje BIACT HaJl CEKCYaTHUM OJHOCHMA, KOjU
Cy mpenycioB cBake IuioaHoctd. HoBa boruma je mepconndukoBaHa IUTaHeTa
Benepa, umje ce ,,oHamame Ha HeOy MOMHO nocMarpa u 6enexu. Bennka Majka
no0uja joml jeHy OApedHHIly: celaMm cyMmepckux Tabmuma o [locranky cBera
nMenyjy Tuamat, borumy Xaoca, kao mpuMmopaujainy Benmnky Majky, ox koje he
HACTaTH CBE IITO MOCTOjH.

VY crapom Erunry, youaBajy ce Heke npyre mpomeHe: Hyt (HeGo) mocraje
boruma nok Ille6 (3emspa) moctaje bor.

VYkpatko, Bennka Boruma Majka je 3aMUIIJbeHa Kao:

—

XAOC (xao Tuamar)

2. MECEL] (Kao Apremuaa wiu J{ujana i [Toraua Tepon-Majka )KUBOTHbA)

3. 3EMJbA (xao I'ea, majka borosa u Turana nnm xao Kubena, majka borosa u
rpajoBa)

4. BEHEPA (xao Unana nim WUmrap munm AcrapTe)

Ha npBu nornex, ynnu ce ga Xaoc (Tuamar) Hekako He craja y OBaj CKyI
(nnm TOTHYKY HU3), jep Cy CBH OCTaJM YiIaHOBHM CKyma HeOecka Tena. Mmak, Xaoc,
Kao CympoTHOCT opranu3oBanoM Kocmocy, cxBahen kao npapoautesska Kocmoca,
3aIpaBo ra ynoTnymwyje.
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UYoBek He MOXke Ja GyHKITHOHHIIE ¥ Xaocy. [loTpeban My je KakaB-TakaB pe,
KOju MOxe Ja Biana camo y ypehernom Kocmocy, koju je pohen u3 Xaoca. Pen
omoryhaBa ja 4OBEK MpEXHBH, pa3BHje CBOje MOTEHIIMjalle U KOHTPOJHIIE CBOj
ctpax. [lorpebHO My je cxBaTame CBeTa, KOCMOJIOTH]a, 1a OM HAmpaBHO pef y
CBOjUM MHUCJIUMa U ocehamnma.

Pexkocmo na cy cBu ocranm acniektu Bennke borume Majke, ocum Xaoca,
nepconnduxopana HEBECKA TEJIA'. TuMe cMo I0mITH 0 IPBHX OCMATparba
HeOa U HeOeCKUX Tejla, Kao HajynaJJbUBUjer U3BOpa MPABUIIHOCTH U pena. [lanac
ce MOKe JIOKa3MBaTH Ja je mocMaTpare HeOa 3armoueTo joul y BpeMe MajleosIuTa,
kanma cy Beh Omne mo3Hate MecedeBe (pasze, Koje UMHE IUKIYC, KOJH C€ JaHac
Ha3uBa CUHOAMYKUM, M YIpaBibajle MHOTMM aclieKTHMa >XWBOTa Jbyau.Beh
HEOJIUT JOHOCH 3HaWma O JHEBHOM M TOJAWIIBEM MPUBHUAHOM Kperamy CyHIa
(xoje moctaje bor), 3ajeqHo ca OeTaJbHUjUM 3HAKEM O NPHUBHIHOM KpeTamby
Mecelia — 3Hambe O HETOBHM XOPHU30HTCKHM TpaHUIAMa, KOje Ce MOHAaBJhAjy Y
nuKiaycy o 18.6 ronuHa, y TECHOj Be3u ca LIUKIYCUMA Y TOKY KOjUX CE€ jaBJbajy
nompauera CyHna u Mecena. Yop3o u Mecen, koju je 10 Tama 6uo boruma,
nocraje bor. BpoH3aHo n00a JOHOCH 3Hamka O MPUBHIHOM KpETamy IUIAHETE
Benepe, xoja je Hajcjajauje HeOecko Temo mocie Cynma u Mecena.

BEHEPA Y MUTOJIOTUJU JYKHUX CJIOBEHA

HacnoB oBor nornaesba 3By4d TOTOBO jEPETHYHO. YBPEKEHO je CXBaTame Ja
je mpenxpumhancka murtonoruja JyxkHux CioBeHa HEIOBOJFHO HCTpakeHa a
HBCHHU U3BOPH HEIOBOJFHO CadyBaHH M KOHTPaAUKTOpHH. bankancku CioBeHH cy
nokpiiteHn u3Mely 9. u 12. Beka, Hajupe IEeMCTBO, TOTOM HapoA. AJli, HapoJ je
KOH3epBaTHBAaH, CIpEMaH Jla MPUMH HOBO, ajli M Aa 4yyBa crapo. YecTu paToBu
yyHE 1a ce Jpyau ca ceroMm cehajy crapux BpemeHa u boroBa. Y muxoBo
xpumthaucTBO yrpal)eHu Cy MHOTH €JIEMEHTH CTape peuruje, cadyBaH! A0 JaHac.

Crapuja nmuTeparypa 0 HapoJHOM 3Hamy O HEOSCKHM TellMMa ce CBOIHM Ha Tap
KIbUra M HEKOJIMKO ETHOJIOIIKMX M CTYJIEHTCKHX HCTPAXHUBAYKUX pPasoBa.
HajemMuHeHTHHjU CpIICKM MCTpaXWBadd (OIKIOpa W MHTOJIOTHjE JyKHUX
CrnoBena, Becennn YajkanoBuh n Cperen IlerpoBuh, Hucy ce MHOro 0aBwin
HapOJHOM KOCMOJIOTHjOM. Y TOCHeIHBMX HEKOJIUKO TOAWHA, HACTajy 3Ha4yajHu
panosu bope lleneBa n Hukoca Yaycuanca n3 Makenonnje u Butomupa benaja
n3 XpBaTcKe, ajM ce HU jeJ]aH O]l ’lbHUX HHje 0aBHO HAPOJAHUM 3HAHHMA O TUIAHETH
Benepu. Mnak, noCTOju BETMKH KOPIYC HAPOAHOT JINTEPApHOT CTBApajallTBa, y
rIaBHOM 3abenexeH y 19. Beky, y KOM ce M JaHac MOTY TPaXUTH TParoBH
HapoOJIHUX 3Hama ®W BepoBama O HEOy. Iloctojm m oOmmHaA eTHOTpadCKo-
€THOJIOIIKA JIUTEeparypa, Koja, HCTHHU 3a BOJbY, HUje LIEHTpUpaHA Ha HApPOTHY
npenxpumhaHcky KOCMOJIOTHjY, ald KOja HWIaK CaApKd H3BECHY KOJIWYHMHY
[I0J]aTaKka KOjU Ce OHOCE Ha Ty TEMY.

1 . .
Osge TpeGa Jla HarjljacuMoO Ja TIIOCTOJ€ H BE€OMa BaXXHC BOFI/IH)G, KOJ€ HHCY

nepcoHuduKalmje HeOeCKuX Tea.
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CBa 0oBa AOCTYIIHA JUTEPATypa, KOJIHUKO j€ ayTOPKH OBOT paja II03HAaTO, OCUM
MamHX (parMeHaTa, HUje MpeBeACHAa HU Ha jeJaH O] CBETCKUX je3WKa, Ma je
HEIOCTYIHA UCTpaXnBaunMa u3BaH bankana.

OO6uM OBOT' paja HE N03BOJbABA IIMPY AHAIU3Y PACIIONIOXHUBOT MaTEpHjaia;
Oouhe kKomMeHTapHucaHo noriiaBjbe U3 Kwure Henaga b. Jankoruha, actponoma, o
Benepu y napoanoj penuruju Cpba u nperiiejano HEKOJIMKO HApOJHHX IecMama,
CPIICKHX, XpPBAaTCKUX U Oyrapckux, Koje ce ogHoce Ha IulaHeTy Benepy. Ykyman
Opoj TakBHX mecama Huje MHoro Behu ox Opoja OHHX, KOje Cy MOMEHYTE Y OBOM
pany.

Henan 'b. Jankosuh (Jarkosuh, 1951, ctp. 117-124) HaBoau na cy 3a Bernepy
MoCTOjaia MHOTA HapOoJ{Ha MMEHA: Kaja rmiianeTta uanasu npe CyHIa, Ha3uBaJu Cy
je [lanuma u To je meH Hajuelnhu any He W JeJJMHU Ha3uB. 3B CY je 1 30pmaya.
[Ipema Japuan MnagenoBoj (2006, ctp. 52-53), xon Byrapa je nazuBana Jlenuna,
3opa nmu 30pHUIIA, jep ce TojaBJbyje Ha UCTOKY Y 30py, npe CyHia, na 01, HaKoH
BEroBOT M3jacka, wu30ienena Ha JHEBHOj cBemioctd. Kamga ce Benepa
nojaBjbMBaJIa yBeue, Ha 3amaay HakoH 3ajacka Cynmoa, Cpbu m XpBatu cy je
3B Bewepmwaua wimm Cjajamna wim Opyapuna. OBO TOCHenme je, mpema
Henany B. Jankosuhy, 3aT0 mTO je omomumana oBuape aa Ou, y BpeMe FHEHOT
nojaBjbMBaba Ha HeOy, MOpali J1a 3aTBOpPE CBOje OBLE Y TOpPOBE, Kako Ou Ouie
6e30eqne. byrapu cy je HazuBanu ['onemara ,,3Be3na* wim BeuepHara ,,3Be3ma™.

JankoBuh ce muTta ga nm cy Oankancku CnoBeHn 3HanM na cy [lanwma u
Beuepmaua jenHo mcto Hebecko Teno. Hamaszu onroBop Ha TO NHUTame y jOII
jenHoMm mMmeHy 3a Benepy, a to je Ilpeomnuna, jep mpenasu (mpeoan) ca jeaHe
cTpaHe Heba Ha Ipyry (ca MCTOKa Ha 3amaj U OOpHYTO) a Ja ce HUKaAa He MOry
BUJICTH U HCH M3J1a3aK W 3aa3ak y TOKy HcTor aaHa. OBO 3aTo IITO je HhCHA
MaKCHMallHa yraoHa ynabenoct o CyHua (enonramuja) oko 47°, yemrhe ce Moxe
BHIIETH Ha 3HAYajHO Mam0j YIaJbeHOCTH, CBE JI0 MHHUMaHe o1 oko 15°. Kana je
OBa yraoHa JIMCTaHIIA jOIII Mamka, He MOYKE Ce BHIETH YOIIIITE, jep je HeOOo CyBHIIe
CBETJIO. AyTOp cMaTpa Ja OBO MME CBEIOYM Ja je Hekama Mel)y OaaxaHCKUM
CrnoBenuMa mocrojano 3Hame na cy Januna n Beuepwaua jenan mctu HeOecku
objekar, ali Jla TO 3HAWkE Y HAPOJIHUM ITeCMaMa HHje UYBPCTO (PUKCHPAHO jep Cy
WX, y BpeMe Kaja cy IecMe 3amucaHe, cBe yemrhe nMpeHocun (00peHH) reBavu
ca HEIOBOJBHMM acTPOHOMCKHMM 3HameM. Taga cy Beh yBenMKo mNOCTOjanu
LpPKBEHW WM LMBWIHM KaneHaapu. Hapon Buiie HHMje MOpao Oa ce ociama Ha
COTICTBEHA 3Hama 0 HeOy W HeOECKMM TelnuMa Kako OM MepHO HMPOTOK BpeMeHa,
Kao ILITO je TO MOPao y BpeMe TypCcKe OKyMaluje.

Benepa je yBexk y Omm3uam CyHma, Te OuM ce o4eKHBaJO Aa TO Oyae W y
MUTOBUMa, Kao CyHUYeBa CyNpyra WU CeCTpa.

Opnnoc Benepe ca MecenoMm je HEITO KOMIUIMKOBaHUjU: Y BpeMe KaJa u3ja3u
Januna (Ha WCTOKY) y HeHOj Onu3uHM Moxe Outm camo Meceny y ¢asu
omanajyher cpma. Ilyn Mecen he 6utn 63y cBor 3amacka, Ha 3amany. Tako, Kkaia
HapoJHA TecMa Kaxe: ,,3Be3ma Tepa Mecema, 3a ropy ra 3arepa”, To MOXe Ja
O3Ha4yaBa Oaml OBy cuTyalHjy, jep mojaBa lanuue ,,repa™ myn Mecer ca Heba.
CumbmmuHo, Jlanuna u myn Mecen cy .,y cBahu“. JankoBuh Hana3u necmy, Koja

158



BEHEPA Y MUTOJIOTUIN JYXXHUX CJIOBEHA

onmcyje oBakBy cBal)y y IlerpanoBuheBoj 30upnu (MKerncke napooue njecme, Kib.
1, mecma 6p. 5).

Hanuna je xapana Mjecena:
,»be cu 0no, Moj cjajaH Mjeceue,
I'me cu 6mo, e cu ganryomo?...

OBH CTHXOBU MOTY J]a UMajy U JIpyTaurje TyMademe: aCTPOHOMCKHU TJIeJaHo,
BeoMma TaHak (Mian) pactyhu cpm (,,Mmax Mecen) mperxoqHe Hohw HHje OHO
BHIJbMB Ha HeOy, ma [lanuma u3 mecMe mMa IpaBo z1a ce 3adbpuHe. AJi, OBO MOXE
OoutH 1oJ1 CyMmoM, jep ¢y Jlanuia u miiag Mecell yBek Ha CyIpOTHOj CTpaHu Heba
— Jlannna Ha ucToKy a Mitag Mecen Ha 3amany.

Y Bpeme kania ce nojaBibyje Beuepmaua (Ha 3amajy) y \BeHO] OJIM3MHU MOXKe
na Oyne pacryhw, ,,Mian” MeceueB cpm (npe npee uerBpTH). Tako, Beuepmaua
MOe CUMOOJINYHO J1a OyJe ,,cecTpuiia muagor Mecera“.

Hcto Tako, ,.cecrpuma“ Moxe W J1a JKEHH CBOTa ,MIafor Opara, IITO je
3abenexxeHo y nBe mecMme 3 30upke Byka Kapanwmha (JKercke napooue njecme,
kmura 1, mecme 6p. 230 u 231):

Panyje ce 3Bujesna [lanuna:
,»Oxenunhy cjajaora Mjecena,
Ucmnpocuhy Mymy on obmnaxka....

Oge mpuBHIHE MPOTHBPEYHOCTH y MecMaMa MOTy ja Oyay MOMHpPEHE, aKo U
HapOJHH MIECHUK U HeroBa ImyOiuKa 3Hajy Aa cy Jlanuua u Beuepmaua jeqHo ucto
HEOECKO Telo.

OmaBHO Cy HCTpaXMBadM CIOBEHCKE MHTOJIOTHjE YOUWIH Ja Y HAapOTHOM
JUTEpPapHOM CTBapaialiTBy jy:kHuX CroBeHa mocrtoje “‘eqeMeHTH Murta”. Tu
“eneMeHTH” TOHEKaJ HHCY CUTHE 4YeCTHIle, Ha MPOTUB, Y HEKUM IlecMaMa Cy ce
OUYyBaJlM 3HAYajHH JICIIOBU MAaraHCKUX MHUTOBA. CacCBUM PETKO, TIOMEHYTO je 1 UMe
npenxpuirhaHckor 00KaHCTBa, 1A U HEKU HeroBu aTpuOyTtu. Takea je Oyrapcka
HapojaHa niecMma (bvieapcko HapooHo meopuecmeso, 1963, kwura 6. ctp.103):

INECMA BUY

3acBupaia JBa oBYapa:
“Bune’ e,

> Bun je Gankancko mme CieroBuna (wmum CpamTeBuTa MM CBaHTEBH/A), BPXOBHOT
6oxancTBa bantnakux CnoBeHa. O ToM 00XaHCTBY IOCTOj€ HCLPITHA UCTOPHU]jCKU N3BOPU
(Caxou I'pamarukyc, Hera Hanaya (Gesta Danorum) u Xenvxonn ¢pon bozay, Crogercka
xponuxa (Chronica Sclavorum). KopumheH je mpeBox 1einoBa oBUX TeKcToBa Ha CpIICKH
jesuk Pactka Kocruha, 06jaBibeH y meroBoj kwusu [lad Apkone u cympak ciogenckoz
nazanuzma) Vime Buj je peTko OUPEKTHO NMOMEHYTO y HAPOIHUM IecMaMa OaJIKaHCKHX
CroBena, Maza ra umnak uma. Y jenHoj ce mojaBibyje mox umenoMm Bun Xepasuia, y
npyroj kao Bun Jlanwuuh, y oba ciydaja jacHo acorupa Ha Cynie. boske ce cauyBano y
TOIMOHOMACTHUIIM ¥ OHOMACTHIH, 0 YeMy je ommupHo nucao Cperen [lerporuh, jeman on
Haj3HaYajHUjUX CaBPEMEHUX HCTpakuBaua npeaxpuihancke murosoruje Cpoa.
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MomH™H 11e,
Kynamu ne!”

JIBa oBuapa, 1Ba apyrapa,
Kpaj Bunosa pasHa nBopa,
C nBa kaBana® , 1a jyaypma’, 5
Ha uzahe nenu Bune.

He uzahe nerm Bune,

Beh merosa nesectuiia,

[Ta mornena rope, none,
Omna Buje aABa oBuapa, 10
I'e cBupajy nBa KaBana,
JlBa xaBana jBa jyaypma,
[1a ce Hazan moBpHYy:a:
“Ajn’ nzahu, xamue’ Buze,
Ja tu Buaui aBa opuapa, 15
JIBa oBuapa, 1Ba apyrapa,
I'me cBupajy nBa xaBana,
JIBa kaBaa, nBa jymaypma,
Kpaj Tux nammx 6enux nsopa!”
Tan u3ahe nenmu Buge: 20
[Tynmje My cuTHe 3Be31€,
Ha rpynuma — jacuo CyHiie,
Ha nnehuma jacan Mecer.
[Tak orpeja 3emsby, HEOO,
3emuby, HEOO, TOPY, BOOY, 25
Tpu mtanuHe, cuBa cTana,
OBuape Ha nHBaIaMa,
Eprene Ha yapnanuma,
HEBECTHIIC HA YecMama,
Mnane mome ¢ moragama, 30
Crape 6a0e Koj OTHHINTA,
A u craprie o kpumama.
OH Ha3apaBu cBakoj Kyhu:
“On bora Bam 100po 3apaBise.”

’ KaBan je HapoJHH IyBaukM My3HYKH MHCTPYMEHT, CBHMpaH Ha MCTOoKy CpOuje u y
Byrapckoj, y ctogapckim kpajesuma.Y Byrapckoj uma u o0peaHy yIiory.

Peu ,jynypm™ je Typumsam, 3Haueme OM C€ MOTJIO IaTH CaMoO OIHKCHO, Kao ,,J00po
ycarjianieHo” win ,,J00p0 HAIITHMOBAaHO™ HIIH ,,Ca3BY4YHO* WM ,,y caiejcTBy”. Peu
(mamac) ¥Ma W HeraTHBHY KOHOTalMjy, KaJa ce KOPUCTH OHAa Kajxa Tpyna JbyId
CHHXPOHH30BAaHO ¥ OPraHM30BaHO 00aBJba HEKYy KPUMHHAJHY AENATHOCT, HA IIpUMEp
kpaly. YnpaBo 3aTo mTO je peu crapa, CTpaHa W M3MILIA U3 ynoTpeOe, ocTaBibeHa je y
MIpeBOJy TakBa KakBa jecte. OOjammeme peun n1oomnu cMo ox Ceemio3apa PymuHckor,
capasnHuka u3 byrapcke.
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Jpyru cTmx HaMm jacHO Kake Ja je OBO oOpemHa, Koyemapcka (KyKepcka)
necMa, jep HareB CaJpxH ,,Kynaze, e, Jla je mecma cpricka, Taj HareB Ou ri1acuo
»komeno!“ wmm ,,0j xoneno!™ Konemapcke necme ce meBajy oxo boxwuha, xana
JAHW TIOJIAKO TOYMIbY Na OWBajy CBE IYyXKH, HAKOH KpaTKOAHEBUIE. ATpHOYT
“xamun” (Buje) acomupa Ha JKEHCKY OOpEIHY MOBOPKY KaTHHAPKH , Koja je y
HUCTO BpeMe Npojiazuiia celuMa M IeBajia CBOje, “KamuHapcke” mecme. Mctm
aTpuOyT WMa W CUMOONMYHO 3HaueHe ‘‘MIalokema’, jep je KaiuHa (J1ar.
Ligustrum vulgare) oOpenHa cBaroBcka OWJbKa, Kako KOJ jyKHHX TaKO U KOJ
ucrounux CroBeHa (Pyca6) .

IMocnenwu ctux nomume bora, amum He Kaxke TayHO KOr. 3aTro, oBa IecMma
Moxe ga Oyae jemaH peaurdjcKu CUHKpPETH3aM, IIOKyIlaj MHpPEHma CcTape
CIIOBEHCKE BEpE ca HOBOM a Moxe Jia OyJie M CAaCBMM YHCT OCTaTaK cTape Bepe, jep
je Buz jacHo MeHOBaH a HEroBO “Ha3[paBibarbe’” MOKE Ja MPeCcTaBba U HEroB
corctBeHH OnarocnoB cBakoj kyhu. Ilecma jacHo kaxe ma Bua I'PEJE, mo je
IIPBH IUPEKTaH J0Ka3 BEroBe CoJlapHe NpUpoIe, y3 ,,jacHo CyHIe Ha rpyauMa.

Bup je y ounriennoj Be3u ca Hebom: CyHIlE je Ha BeTOBUM IPyAUMa, 3BE3/C
cy mynuje (yKpacHa IyrMaj) Ha HEroBoM ojeny, Mecell My je Ha turehmma.
Bunos M3JIA3AK rpeje Hapon, ctama, ropy, BOay, 3eMJby, HeOo... [llTa 6u, ocum
Cynua, morio cse To aa rpeje? Ilecma yak momume TPU IIJNIAHUHE, mro nac
nonceha Ha Tpu Opma’ , Koja Cy YECTO MOCTOjajia TOPE] CIOBEHCKHX CBETHX
MecTa, Kao 1 Ha OpojHe TuiaHmHe Ha banmkaHy koje ce 30By Tpurmas winn Tpormias.
CBupka JIBojHIIe MacTHpa ca MoYeTKa IecMe 3ByYH Kao jJe0 o0peaa MM MOJHUTBA
3a M3Ja3aKk coyapHor OokaHcTBa. AJM, Ha BUXOBY MonuTBY, CyHue (Bun) ne
n37a3M OAMax, Hajlpe u3a3u mwerosa Hepecta. Ko Ou Morna na Oyzae ta HeBecTta?
Ko (unu mra) uznasu Ha uctoky npe Cynia? Hapaeno, To je “3Be3na” Jlanuna,
Henuna nim 3opHuua, kako Hapon Ha bankany HasuBa rianety Benepy. [la Ou
CMO OWIM CacBMM CHTYpHM, IpouuTaleMo jeqHy CpICKY HapogHy IecMy, U3
36upke Jamre [Ipomanosuha (1925, JKencke napoone njecme, mecma 6p. 314) :

JeBojka je CyHITy TOBOpHIIA:
“Japko Cymrie, Jpemira caM o1 Teode!
AKO 11 ce TOME He Bepyjelll,

° O6uuaj je 10 ckopa 6o cauysan kox Cp6a Ha KocoBy 1 Metoxuju. O6peHy OBOPKY
Cy YMHUIIC JIEBOjKE, O KOjHX je jeiHa Onila MacKupaHa Kao HEBECTa, a JIBe Kao CTapIly, ca
nyruMm Oenmum Opanama. Ocrtane ydecHuue oOpena cy Omne 6e3 macku. (Kymumwh, I
[etposuh, Ilerap, JK; Ilamrenmh, Hukoma: (1998) Cpncxku mumonowxu peunux,
Etrorpadcku nacturytr CAHY, Beorpan, crp. 235).

® Tonxoevu crosaps dcusozo eenuxopycckoeo azvika Bnamamupa Jlansa: (1883-1886),
O6mecTBa grobuteneit poccuiickoit ciioBecHoct, MockBa (Towm 2, kanuHa).

" Buorpapu Ota Bambepmkor, EGo, XepGopa M HEMMEHOBAHM MOHAX M3 MaHACTHpa
[pudnuurep, omucyjy rpaax Bomnun, koju ce Hamasuo y momHoxjy TPU BPJIA, Ha
HajBHIIIEM O] TUX Opja ce Hanazuo XxpaMm TpuriaBa, CIOBEHCKOT O0KaHCTBA ca TPH IJIaBe.
Tpu Opna kox Hopauwjckor cBerwiaumTa y Yrcamy, onucyje Cakc ['pamatuk, a mMory ce
BUJIETH M JaHac. [IpocTop CBETHIIUINTA je U JaHac y 00JIMKY Kpyra.
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Tu nzahu Ha TO paBHO HEOO,
Ja hy uszah' y ropy, Ha Bogy!”
Kan je jyrpo Benpo ocBanyIo,
W3znazmno va He6o Cynamiie,

A heBojka 3a ropy Ha Boay.

VYriaena je nujeno CyHaure,
VYriena je Kpo3 jeJIoBo rpame,
Konuk’ ce je ammuk y4uHUIO,
Tpunyt ce je CyHue 3aurpasio,

[1a ogByue nujemny heBojky,

a je y3me cebu 3a JbyOOBITY,

On we nocra 3Buje3na Januna.

OBo HHje jearHa TIecMa y K0joj ce TBPIIHU JIa j& COJIapHO 00’KAHCTBO OXKEHHEHO
“spujesnom” Jlanurom. [locroju u mecma u3 [anmaruje (XpBaTcke HapoaHE
mjecme, K. Vuk St. KaradZié, Zivot i obicaji naroda srpskoga® (1867) Dostupno
na internetu, mecma 6p. 327), y kojoj ce Moxaa nojasibyje u ume [lepyna (Ilepe),
cioBeHckor bora rpoma:

Juapuo npuBo HU3 MoOpe,
Ha memy I1EPE BojBOfa;
Ha Ilepy TaHka komryssa,
Tama ox1 1McTa MaKkoBa,
I'ymha on nmucta Hapande.
Majka mu [Iepy rosopu:
»Onkmue tu, [lepe, xomrympa?*
A Tlepe »0j3u Kazyje:
,.Kama ce CYHIIE xenwuio
IIpecButnom 3Bu3noM J[aHULIOM,
Ja cam joj 6mo 3a Kyma.

Ja cam joj mpcTen napuBa’
VY koM cy Cynre u Mucerr,
A OHa MEHH JjapuBa
TaHeHy OBy KOLIYJBY.

Eto, cama HaMm ce YMHU Kao J1a CMO PElIIM HEKaKaB CUCTEM jeJHaYMHa Ca JIBE
Heno3Hate (BpenHoctn). CxBatmimm cMo jaa je Bun (Cerosun) ucro mro u CyHie
T.j. comapHO OOXaHCTBO, a Jla jeé HEroBa MHUTCKa CyIpyra MepcoHM(pHKOBaHA
»3Be3na“ Jlanmma. [lpBa mecma Ham je jacHO mokasaia npBy TBpAwmY (Bum =
CyHIle) ¥ yKasalla HaM Ha TMOCTOjambe hEroBe MHUTCKE CYNpyre, a OHJAA CYy HaM

Ipyre NIBE TMecMe OTKpWiIe HheH HIeHTUTET (cympyra Buma mmm CBeroBuma =
»3Be3na“ Jlanuna). ,,[loHamame” Te cynpyre je aCTpOHOMCKU KOPEeKTHO. Jla u cy

¥ Vuk St. Karadzi¢, Zivot i obicaji naroda srpskoga (1867) Dostupno na internet:
https://sr.wikisource.org/sr-ec
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OBe TecMe (KPYITHH) JETIOBH OCHOBHOT MHTa O HeOECKoj mpupoau cojapHor bora
U HEroBe cymnpyre?

3HamMo0 Aa cy JbyIu BeoMa JaBHO mnpeno3Haau CyHLe Kao H3BOpP JKUBOTA.
MHoru ApeBHH Haponu Cy uManu cBoje coiapHe boroge. [lo Tome, CioBeHu e
Ou OWJIM HUKAKaB U3y3eTaK.

Hamehy ce u HOBa muTama: KakBe cy ce IecMe IeBajie ako, y Bpeme boxuha,
Benepa nuje Omna BumibuBa kao Jlanuma, Beh kao Beuepmaua? Kakse cy ce
neBasie ako Huje Ouia BuasbuBa yommte? Ha kpajy, na mu je Mmoryhe na yetupu
muka CseroBuga (Buama) mmajy camo jenny cynpyry? Hapasno, Huje moryhe
HCTPaXXUTH CBE OJfjeTHOM, ohu he u Ta nuTama Ha pe.

Ja je TayHO W OHO MITO Cy PEKJIM KaTONWYKH MUCHOHapH y [lomepanmjm u
[Monabspy, ma je Bua (CetoBuam) bor para, yBepaBa Hac jom jeqHa cpricka
KoJsiegapcka necma, u3 3oupke Byka Kapanuha (1867, JKusom u obuuaju napooa
cpnckoea, cTp. 7 u 8), Koja TUPEKTHO IMMOMUK-E Bria 1 1eroBy HEBECTY:

Bojesao 6enn Bune, Koneno,
Tpu ronune ¢ kaetu Typuwy,
A yeTupu ¢ UpHU YTpHU.
Kana Bune ¢ Bojcke nobe,
Cene Bune na Beuepa.
Crame rpomMoT, CTaje TPOTIOT,
Oxo nBopa Bunojesa.
,3ul)’ sby0o Te mornenaj,
IITa je rpomorT, 1mITa je TPOTOT,
Oxo nBopa Bunojesal!*
Kan u3zahe Bepna jby0a,
Komu My ce konuTajy,
Panyjy ce rocmomapy,
IIITo je ckopo ¢ BojcKe AOII 0.
U rony6u ¢ xpun’ma oujy,
Panyjy ce rocriomapy,
ITo je ckopo ¢ BOjcKe AOII 0.

U y oBoj mecmu, Koja je Koleaapcka Kao u OHa Oyrapcka, Kojy cMO Mallo Tpe
npounTtaiy, Bunosa jpy0a (Benepa kao ,3Be3na“ Beuepmwaua), mojaribyje ce aa
noryiena mra ce JAemana. Bun onpaBnano Hehe uzahwy, jep je ynpaso ceo (3aiao)
U Beuepa — 1eo forahaj ce onurpasa yBeye.

Bun je patHuk, Tpu roawHe paryje ca jeIHHM HENpHjaTesbeM, YeTHpH ca
npyruMm. OBUM OpojeBHMa je MOJK/Ia HaroBEHITEHO TPOjCTBO ald U KBAaTEPHHUTET.
Jomr je Iluraropa 3Hao nxa TPOjCTBO CHMOOJIMIIE XAapPMOHH]y a KBaTEPHUTET
menoBUTOCT T.j. KocMmoc.

Komu cy, npema Cakcy ['pamaruky, yoouuajenu atpudyt CeetoBunaa (Buaa)
u 300r TOora cy moMeHyTH y oBoj necMu. CHMOONMKa KOWa je TeCHO MOBe3aHa ca
Cynnem jom o OponzaHor mo6a. O ToMme MmocToje BeoMa yOEIJbUBH HAYYHU
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panoBu. ['0iry00oBH (Kao ¥ CBE MITHUIE) CUMOOJHUIITY TyIle, KaKo AYIIE >KHBUX, TAKO
W JIylie MpeaKa.

Tako cmo mobwnm u momarak na je Bunm y jacHoj Besu ca Cyniew, na je
0OXKaHCTBO para, na je ,rocmojap Ayma®, Aa jeé HUCTOBPEMEHO TpOjelaH H
4yeTBOpojeaaH. BeHepa je, HapaBHO, y OJU3MHU.

OBa mecma pgaje 3a npaBo Henany Jankosuhy: m3riena aa cy OalikaHCKH
CroBenu cTBapHO 3HaNM ja cy Jlanuna u Beuepmaua jeqHo cTo Hebecko Teno: Y
Oyrapckoj mecmu 0 Buny, kojy cMo npBy mpounTanu, CyHueBa HEBECTa je jacHO
Hanuna. Y 0Boj mocneamoj, oHa je nepconudukoBaHa Beuepmwaya.

CUMBOJIMKA 1 TUBUHALTNJA

Axo je ,,38e31a” JlaHuiia cynpyra BpXOBHOT 00YKaHCTBA, OUEKYjeMO J1a Cy ce U
Cymnpyre 3eMabCKUX BiIajapa CHMOOJIIMYHO HiaeHTH(HKOBaIE ca moM. [lecma u3
30upke Jame [Iponanosuha, 3abenexena y Cnasonuju (IIpoganosuh, 1925, necma
op. 335, ctp. 239), roBOpHU YNpaBo 0 TOME:

Canak cHmWIA 1apuiia rocroha,
Iia ce Beapo HeOO MPOIOMMIIO,
cjajan Mjecer Ha 3eMJBHITY 1120,
a 3Bje3qUIle Kpajy MPUOETHYIIE,
caM' JlaHnma ocrajia camuIia.
ITo je cHUna, cBe je moroamia:
[IITo ce Benpo HEOO POTOMUIIO,
TO Cy Hapy pa3pyLICHH JIBOPH;
mro je Mecel Ha 3eMJbUILY T1a0,
TO IapeBa Mory0JheHa Ti1aBa;
IITO 3BE3IUIIE KPajy MPUOETHYIIE,
TO LAPEBE OCTale CHPOTE;
mro JlaHuIa ocTana caMuIia,
TO TapuIla OMiIa yAOBHIIA.

OBne hemo ce cBakako cerutn aa je Benepa y Meconotamuju Ha3uBaHa
,»CBETIIa KpaJbHIla HeOa* u Omia mepcoHuukoBaHa kao Ooruma Muana. M tamo
Cy IOCTOjajie COJIapHE M JIyHapHe AWHACTHUjE OBO3EMaJbCKUX Biajapa. 3a OHE
npBe, nompauemhe CyHIa je cMaTpaHo JIOMIKMM MPEA3HAKOM 0 JHHACTH]Y, 33 OHE
Ipyre, To je Ouio nompaueme Mecera.

MOJINTBA

Ako je tutaneta Benepa kop 6ankanckux CrioBeHa Omiia mepcoHu(poBaHa Kao
00XaHCTBO, OYCKUBaAIO OM ce jaa joj ce ynyhyjy monuree. Crnencha mecma us
30upke Byka Kapayuha (Kapayuh, 1881, penpunt 1989, k. 1, mecma 0p. 224)
TOBOPH YIPABO O TOME:
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Pano panu herojumia
u Jlanuity BjepHO MOJH:
,O Hanue, o cectpule,
10/1a] MEHH CBjETIIOCT TBO]Y,
Jla HAPECUM MJIaJIOCT MOJY...

MonwutBa oBe JieBojke he OUTH yciHIlieHa y HaCTaBKy IecMe.
[ocroju ciuuna O6yrapcka HapoHa necMma (bwreapcko HapooHo meopuecmao,
Kbura 2, ctp. 447):

Jlena u3 qBopa uhame
W CUTHE Cy3€ POHHMIIIC
a mpema HeOy Tienarie.
Ha ue0y cuja 3opumuria.
Jlena 3opHuny kasyje:
,»3JOpHHIIE, MIJIa CECTPHUILIE,
TH TaKO PaHO M3JIA3HII,

W CBallTa jacHO MOTJIEAall,
Y TOpe, CeCcTpo, U J0JI€.
Ma nu cu Bunena, 3opHuue,
Mor JpyOspeHora Hukomy,
Hukomny, mnajior Bojeoay?...

Y nmassem TOKy mecMme, 3opHHIIA he joj OMTOBOPUTH U IMOTAHKO WCIIPUYATH CBE
LITO 3Ha O PEYEHOM MJIaJIoM BOjBoIM. JleHa unm [leHuna je muMme NEeBOjKe ajid H
apyro Oyrapcko umMe 3a 3opauity (Januiy).

ITocroju u Tpeha, cnmuuHa mecma, 3a0eneXeHa y 9acomucy hocaHcka uid
(1886. XXIV, ctp. 381):

O 3Bje3nure, Moja IIpeogaue,

[Ipeoanna c' He6O U 3eMIBHILY:

Jecu ' 6una 1o Bynuma rpanga?
Jec' Buanna Oyaumckor CreBana?
Crpema iu ce CteBo y cBatoBe?...

VY cBe Tpu mecme, ,3Be3na“ Hanuna (3opuuua) wnu [Ipeomnuna je jacHo
MepcOHN(UKOBaHA W MOTY jOj ce ymyhhBaTH MOJHMTBE, Ha KOje C€ OYeKyje
onroBop. Huje nahlena Hu jemna mnecma rae ce Janunu (30pHUIM) WK
[Ipeomnnuu obpaha Mymka ocoba, mTo ykasyje Ha MoryhHocT na je Kox
Oankanckux CioBeHa oHa Owta cxBahieHa Kao 3aIlITUTHHIIA )KEHa.

ITocToje m HEKONMMKO TecMama, Koje jeJHOCTaBHO Ka3yjy y Koje ce moba Hohn
oJlBMja pajma mecMe. JeaHa 0J1 TaKBUX je 3amucaHa y XpBarckoj (Xpeamcke
Hapoone njecme, Kbura 1, necma 0p. 53)
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JommTe HEje 30pa 3a0jenmia,
Hu J{anuna nuiiiem npomosbena,
Hu Bnamuhu vHe6o npunjemmm.

[ITnma mjeBan KpUIoM yaapuia;
ITpunuiy ce oTBOpHILIE BpaTa...

OBe necMe 70Ka3yjy za je He0O YeCcTO U MaKJbUBO ITOCMATPAHO.
3AK/bYUYAK

W3Bopu 3a mpoyuaBame MuTosoruje Jyxxanx CiloBeHa OYUTIIEIHO MocToje. Y
OKBHUPY THX U3BOpa MOTY C€ TPAXKUTH (M HaJa3UTH) U 3Haa U BEpOBama 0 HEOY H
HeOeCKMM TelaMMa M YCTPOjCTBY cBeTa. Tpeba MX MOHOBO IpErJielaTd y CBETIY
HOBUX Ca3Hama apXeoacTPOHOMH|E ¥ €THOACTPOHOMH]jE. Y3 IYHY CBECT O je3UUKO]
Oapujepu, HE MOXEMO Jia ce HajamMo MOoMohM CTpaHHMX HCTpakuBaya — BehuHa
n3Bopa UM HHje noctynHa. CBe 4YeTHpW MecMe, Koje Cy aHauu3upaHe Iede,
carjlacHO BHJE IUIaHETy BeHepy Kao cymnpyry BPXOBHOI COJIApHOT OOKaHCTBa,
MocJeihe YeTHPH yKa3yjy Ha BepoBame Ja OHa INajbe MPOPOYAHCKE CHOBE H
OJIroBapa Ha MOJIUTBE.

Henan B. JamkoBuh je mpumerno na mocrtoje W mecme koje JlaHuiy
nedunaumy kao ,,CyHdueBy cecTpuily, MecedeBy mpBoOparydeny. OBakBa
MUTOJIONIKA OJIPeIHUIIA HUKAKO HE MCKJbyuyje MoryhHocT na je oHa u CyHueBa
HEBECTa, jep Y MUTOJIOTHUjU HUje PETKOCT /1a c€ BPXOBHO OO0KaHCTBO JKEHH CBOjOM
cectpoM (Tpuku map, 3eBc u Xepa, kao u erunarcku llled n HyT, cy ucroBpemeHo
u Opar u cectpa u OpayHu nap).

[Tomro cnoBeHcKO conapHO O0kaHCTBO, Bua, nma yetupu rinase, T.j. YeTHPH
CBOja acIieKTa WM eMaHanuje, Moryhe cy u apyre 0okaHCKe apTHEpPKe.

ACTPOHOMCKHM OJHOCH IUIaHeTe BeHepe ca apyruM HEOSCKMM TelMMa Ce
MeHbajy y TOKY BpeMeHa, YMMEe YecTo MOory jAa ce objacHe u ozapehene
»KOHTpaauKnuje u3melhy TBpAKH y pa3IMdUTUM IIecMaMma.

Moske ce UCTIUTATH U KajJa ce Y TOKY TOAMHE JenraBa 00kaHcka cBamda (Miau
XHjeporamuja) jep ce MHore HaponHe necme Oankanckux CrnoBeHa 6aBe cBajbama
pPa3NIMYMUTUX jyHaKa, HAPOYMTO OHE EICKEe, ald M MHOre JIMPCKEe, 3allucaHa je
BeJMKa Tpyma cBagdapckux Tmiecama. 1o je cBakako TemMa 3a Heko Oynyhe
UCTPaKUBAME.
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Koctuh Pactko: 2009, I1ao Aprxome u cympax cnosenckoe nazamuzma, Atoc, Beorpan
(TIpeBOI Ha CPIICKH je3WK MOTIIaBJha Koja ce omHoce Ha CloBeHe Koja Cy HaIHCalH:
Caxon [I'pamarukyc: [Jena Hawaya (Gesta Danorum) m Xenvxonn ¢on bosay,
Cnosencka xponuka (Chronica Sclavorum)

Kymumuh Inupo, Ierposuh Ilerap 2K, Ilantenuh Huxomna: 1998, Cpncku mumonowxu
peunuk, Ernorpadcku nncruryr CAHY, beorpan

Muanenosa Jlapuna: 2006, 36e30n0mo nHebe Had HAC — eMHOIUHEBUCTIUYHO U3CIE08AHE HA
banxanckume HapooHu acmponumu, AxanemMuano uznarenctso [Ipod Mapun [IpuHos,
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VENUS IN THE MYTHOLOGY OF THE SOUTHERN SLAVES

The paper tests the hypothesis that the folk literary creation of the Balkan Slavs can be
a good and reliable source for studying of their pre - Christian religion and mythology.
Since religion and mythology, as a rule, include and the understanding of the world in a
certain culture, i.e. cosmology, in the same sources one can look for knowledge and
perceptions about the sky and celestial bodies and how these perceptions are embedded in
myths and rituals. In this particular case, the place of the planet Venus in the pre-Christian
religion of the Balkan Slavs was examined.
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CYHYAHMU BAJILIEP

IIETAP B. BYIIA

Kuxunoa
E-mail: vboba@open.telekom.rs

Ancrpakr . CyHYaHH YaCOBHHUK je YaCOBHUK KOjH MEpU BpeMe MpeMa IOJIOKajy CYHIIa.
[Nonoxaj cyHua ce Mema, OHIA Ce MEHha U BpeMe Koje ceHKa mokasyje. CyHYaHH caTOBU
MOTY /1a ce TIPWJIArojie CBaKoj MOBPIIMHU Ha KOjy (HUKcupaHu 00jekT Oara ceHky. CyHdaHu
CaToBH NOKa3yjy caMo JHEBHO coiapHO Bpeme.CyHuUaHe caToBe Cy Mo3HaBamu y Erumty.
PasBune cy ux u gpyre xyarype: Kunesu, Autuuku I'pun n Pumsbanu. Bpera cyHuanor
cara ¢ mokasuBedeM (THOMOH) omucana je y Crapom 3asery (Mcanja 38:2). Cmatpa ce na
je maremarndap u actpoHoM Teonocuje u3 butunuje (oxo 160. n. H. e. — oko 100. m. H. €.)
H3yMeO YHUBEP3aJHU CyHYaHH caT KOjH je MOrao Ja ce KOPUCTH OWIo re Ha cBeTy. Y
OBOM Ipwiory nahemo Iperien Iae ce Halase CyHYaHH caToBH y Bojeomunu. Ko cy
ayTopu catoBa ? M3 kora BpeMeHa motuuy. Y pany he Outu mpukazane ororpaduje
cyHauanux cartoBa: Combop,3pemanus, Kpymenon, IlanueBo, Kymane, Moxkpus,
Cpemckoj Mutposuiu, Kukunaa. Jlati nonatke o caToBUMa U lbHXOBHM ayTOPHMa, 3a KOje
ce 3Ha J1a cy ayTOpH.

1. YBO/J,

[Muranu naopa (4o6anuna): "Mwmam nu car?"
,1Ta he mu car kan ja mmam cyHie*. - OnroBopH OH.

“ 3HajTe 1a MOpare CIYKUTH HE BPEMEHY, HEro 0ory
Cs. Aranacuje Bennkn

“YacoBH Tpojia3e U ONTYKyjy Hac
Oxchopna

YoBek je o1 HajcTapujuX BpeMEHa MOKyIIaBao aa omehu, mpemepu u ogMepu
Bpeme, xenehu na kontponume u omehu cBojy konaunoct. llltanm moGoxen
BEPTUKAIIHO y 3€MJbY, UHja CEHKa je yKa3uBalsa 100a JaHa - cHOMOH, HajCTapHjH je
MHCTPYMEHT 3a Mepeme BpeMeHa. | HOMOH je ImpepacTao y CyHYaHHM cat, KOju nma
HCTOPH]CKY, YMETHHUYKY U KyATYpHY BpenHOCT. CyHIIE je YOBEKOB HajCaBpIICHU]H
u HajcTapuju cat. "Ruit hora-uac oomuue" eosopunu cy cmapu Jlamunu.
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CyHYaHU caToBH Cy MO3HATH jouI o1 cTapor Erunra, a pa3Buie Cy UX U Ipyre
KyJIType: KMHEeCKa, CTaporpuyka W puMcKa. Bpcra cyHuaHOr cara ¢ HOKa3MBaueM
ommcana je y Crapom 3aBery. HajcTapujm mmcaHw TEKCT O CyHYaHHUM
YacCOBHUIMMA JaTupa u3 732. TOAUHE I1.H.€.

Cwmarpa ce aa je maremarnyap u actpoHoM Teonocuje u3 burunuje (on 160 -
100. m.H.e.) ypaauo yHHUBE3apiIHU CYHYaHH! CaT KOj! j& MOTao /a ce KOPHUCTH OHIIo
IJe Ha 3eMajbcko] Kyru. Dysene bBjankanu o0jaBuo je kmwury “ Constructio
instrumenti ad horologia solaria® y xo0joj maje ymycTBa 3a M3pajy CaBpLICHOT
cyH4asor cara. ®panmyckn actpoHom OpoHc dune koHCTpyHCcao je 1524. rogune
CYHYaHH caT of ciioHoBade. Mranujancku actponoMm bosanu [lagoBanu o6jaBuo
je pacmpaBy o cyH4aHuM caroBuMa 1570, y k0joj je 1a0 1 YIYTCTBa 3a IPUIPEMY
U ITOCTaBJbAE 3UIAHUX, BEPTHKATHUX M XOPUH30HTAJIHNX CyHYaHUX CaTOBA.

VY Benpum netmuM nanunMa, CyHile obacjaBa mpeaMeTe Ha 3eMJbH U CTBapa
CEHKY/€ Koja ce mpaBmwiHO Kpehe, ynopeao ca poTaiujoM 3eMibe, OKO CBOje Oce.
YobaHu cy mparuiid CBOjy CEHKY Ja OM Ce OpHjeHTHCAIIM KOJIMKO je MPHOIMKHO
catm na Om croky Tepamu kyhum. OcuM JHYHE CEHKE, OHM Cy KOPHUCTWIH WU
4yoOaHcKku mtan. Jbyau cy pasMUIIIbalid Kako J1a HCKOPUCTE CyHUYEBE 3pake na Oou
HanpaBWiIn HeKkH ypehaj koju he oppehusatu Bpeme. Kana je Benpo, mo cynuanom
caty MOXe ce OApeauTH mpuOmmkHO Bpeme. [locToje pasHe BpcTe CyHYaHHX
caroBa, a HajIonynapHuju je ,,Jbyacku cynuanu cat (Human sundial). Cyndann
car ce u3palyje y IIKOJICKMM JIBOPUIITHMA, NMApKOBMMA, jABHUM IOBPIIMHAMA,
npkBama, kyhama Goratux momahuna jep ra je Hemoryhe ykpacTd W YHUIITHTH.
Cynuanu car onpehyje Bpeme nmpema monoxajy Cynma. [Tomoxkaj CyHia ce Mema,
na ce MEma M BpeMe Koje ceHka nokasyje. Cynuanu cam nomohy cewke uene
nokasyje npaso eépeme, cynuego epeme, kao oopas cmeapHoz nonodxcaja Cynya na
He0Oy. CyHuanu camogu noKasyjy camo OHe6HO CONAPHO BpeMe.

V orcueomy ropucmumo cpedre speme (30HCKO), Koje meue pasHomepHo. 3a
08y UHMEPAKMUEHY UHCMANAYU]Yy NompebHa je KOPUCHUKOBA CeHKA 34 NpUKas
MAUHO2 30HCKO2 8PEMEHA.

2. CAT Y CPEMCKOJ MUTPOBULI

,Y mponehe 1981. romuHe oTkpuBeH je y Cpemckoj Murposumm y Onvu3uHA
CTapor TpaBOCIaBHOT I'poOJba, PparMeHTOBaHM PUMCKH CyHUaHH caT, u3paleH
Kao CIOKEHa BajapcKka KOMIIO3WIMja ca TpH JbyAcke (QUrype y HpUPOIHO]
BenmunHU. CyHYaHH caT TOCTaBJbCH je Ha IPAaBOYTaoHO] IUIOYH, Y JIONTAaCTO
m3nyosperoj ocHoBu. Ocranma je HeomTeheHa camo jemHa tpehwHa caTHOT
MeXaHM3Ma, KOjH HOCH yoOu4ajeHo umMe ,,ckade”. [1o o3HaueHoj 1aTyMCKOj JINHUjH
BUIM ce Aa je paheH mpenm3HO 3a reorpadceky mmpuHy Cupmujyma. Beoma
CJIOKEHa aCTPOHOMCKO-MaTeMaTH4YKa aHajm3a IoKa3aja je Ja je caT Mopao OuTH
BeOMa Ta4yaH M Ja je Ha HEroBy ype3aHy JaTyMCKy JIMHH]y cBakor 21. maprta
najaia ceHKa M MMoKa3MBaja Ja je MpoluIo ToAuHy AaHa. PaaujanHe nuHUje Henox
TOra CIy)XWie cy 3a o0enexaBame JHEBHMX CyHYaHuXx cath.” CyHYaHH car ce
CBAaKaKO HaJIa3M0 Ha HEKOM 0OraTtoM May3oJjejy Ha 3alaHOM PUMCKOM TpoOiby Y
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Cupmujymy” To je yjenHO W HajcTapuju CyHUaHH caT y Halloj 3eMJbM M HMa
OTpOMaH YMETHUYKH U Hay4HU 3Ha4aj.” (Mumomesuh, 1985).

Cauxka 1: Cynuanu car y Cpemckoj Mutposuiu. (®oto J. Byna).

»borarn rpahanmH Cupmujyma Kparwio Ilamuje mnpemocetno je 100-te
rOIMHE HOBE epe Ja My je Omu3y kpaj kuBota. Kajga je AMKTHpao TECTaMEHT,
[ocTapao ce Ja TpajHo oBekoBeuu nopoxuny Ilamuja, koja je y Cupmujymy umana
yIIen U TPOCIIEPUTET. 3a HEroB May30Jiej JOoNpeMaH je Oenu MepMmep ca ocTpBa
bpau. Ilo3Bao je Bajapa W acTpoHOMa-MaremMarmdapa. Bajap je y JbYICKOj
BEJIMYMHU M3paauo craryy Amiaca, jgereHaapHor Bohy Turana y 6opOu mpotus
3eBca. [locie 3eBcoBe mobene, ATiac je KaXmheH Ja Ha CBOjUM IulehmMa HocH
YUTaBU HEOECKH CBOI. YMECTO HEOECKOT CBOJa, OH Ha IUichwmMa HOCH CyHUYaHHU
ceox” (MuomeBuh, 1985).

3. BETEPAH BE3 I'PELHIKE
Cynuanu cat y Combopy

CyH4yaHu car ce Haja3sd Ha (acaad PUMOKATOJIMYKOI JKYIHOI ABOpa H
MOCTaBJbeH j¢ Ha BWJIHOM TOJbYy. JbemoTa wu3miena OBakBOr cara MpUIaa
HeKaJalmeM mpodecopy u ynpaButesby CoMOOpCcKe yUHTEJhCKE IIKOJE JoBaHY
UYoxkopy. JoBan je pohen 1810. ronune y baju, a ympo 1871. roguae y CpeMcKuM
Kapnosumma. JoBan Yokop, 6wmo je mpodecop mahapckor jeswmka, Iemaroruje,
METOJIMKE, YrapcKke HCTOpHje M apTUMETHKE y coMOOpckoj CPIICKOj YUUTEIbCKO]
mkonu (ITpenapannuju). Ynpasauk oBe mikoine je ox 1847 no 1852.rogune. Yokop
ce amarepcku 0aBuo actpoHomujoM. M3 ComOopa JoBaH je oTuimao y oktoOpy
1853. rogune, y Cpemcke Kapnosue. Ty ce 3amonammo y manactupy KyBexanx
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Ha @pymikoj ropu, y3eBmm MoHamko uMe Jynmje. Ilatpujax Pajaunh ra masme y
beu, nma w3yum wmrammapcke BewTuHe. nocaeowu”’ L EGY EZEKBOL
VEGORAD!“.

Kana ce Bparno y Cpemcke Kapnogiie, Josan 1858. rogune, 6yae nMeHOBaH 3a
yIpaBHHUKa CPIICKe MHUTPOMOIUTCKO-TUMHA3HjCKe INTaMmmapuje W Ty pamd 10
1865. romuue, u Oyle TMOCTaBJBEH 3a apXUMaHApPWUTa MaHacTHpa |padosam y
Bapawmu. Ko mocmarpa oBaj car, younhe aa je m3Mmelhy mmmke u OpojuaHHKa
HaCJIMKaH aHheo W meTao, Koju KyKypHue U HajaBibyje 30py. Mcmon Opojuanuka je
KpYIHUM CJIOBUMA HallMCaHo: ,Jedan mu je 00 oeux

OBaj Harmuc w3a3WBa HEMUP KOJ TIpOJja3HWKAa. MHPHO OIOMHIEC Ha
MPOJIa3HOCT, HEMUHOBHOCT CMPTU M KOHAYHOCT JbYACKOT JKHUBOTA.

Cauxka 2: JleBo: On netna no anhena - cynuyanu car y ComoO0opy;
necHo: Joan Yokop.

Besbko IlerpoBuh cpricku KiMKEBHHK, HAITUCAO je Jiene CTHXOBe moceehieHe
CYHYaHOM caTy, BEpOBaTHO MHCIIMPHUCAH CYHYAHUM CAMOM KOju je 271e0a0 y c8om
60.benm poonom Comoopy.

CyHYaHHM YaCOBHUK
Horas non numero nisi serenas

Hanere npamen o6xnaka Ha cyHLe. M Hecma ceHKe, Kazasbke, HA NIOYU.
Ha 1 je To BpeMme crano? bap 3a Hac, 3a MOKIOHNKE CBETIOCTH, OUCTpHHE?

To 1mTO MM JEYH, HEMYIITH, 30BEMO BPEMEHOM, BEKOM, TOJMHOM, TPSHYTKOM,
TO 3j€JI0 BEYHO, MPauyHOT [IOCTOjaba, [ITO OUIOM CBOjUM MEPHMO TaHYLIKUM,

172



CYHYAHM BAJILIEP

Y MarHOBEHHM, TIPOJIA3HUM YCXHUTOM, IJI€ CY U OCe, IT0JI0BH, 0€30p0OjHH, a CBE 1 HUIITA
HCTO, TIOJIjeTHaKO0, TOPE IITO JI0JIE, JIEBO LITO M JIECHO, MCTOK M 3amaj] KO CEBEp U jVT,
CBE caMe peud 1 0OMaHe HaIlleT, KO BOJICH IIBET NTPEKPATKOT OUTHCambA.

JIOoK Ha3MPEMO U CIyXTUMO IUIaX0, OABACY KaKO IPUTHYE U HOCH HE3ayCTaBHOT
TOT Tpajama TOK, KO Pa3jalubeHe Mpa3He IIKOJBKE LIyM, IIOTMYIIE IUIHME,
[JIyBe HONM XYK ...

Crora yekaj: 3Be31a YUM OIIET IPOCHja, ¥ CEHKA CTPeJIe, TAKHYTE Y KIXKY,
najiHe Ha OpojKy W Ha TaHku 3ape3. [Ipenu ce, Hehe npHyTH HHU Yacak, a,
CBE C€ IjaHO Y CBETJIIOCTH Tomu!

U uBer, ko nete Ha 00pa3y ¢ KarboM, HacMeIuhe ce pyiu mro ra oepe,
Y KUIIIHA MIIAKa, V japKy Kpaj ImyTa,

y 3puaio ce Hebeca mpeTBapal...

Besmko [lerposuh

4. MAHACTHUP Y KPYHIEJOJIY
Bor je rocionap Hamer BpeMeHa

Camka 3: Cynuanu cat y Kpymenomy. @orto T. @umiosuh.
Hme ayTopa oBora cara HUCaM MPOHAIIAO.
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5. CAT Y HAHYEBY
Bpojum camo Beape TpeHyTKe TBOra ’KUBOTA

VY rtpany [lanueBy cy BOjHE M IUMBHJIHE 3rpajie MPOjEeKTOBAIM HHKEHEPCKU
odunupu. Usrpagmom je pykoBoano majop Dnajmman. [lnancka ypbanuzanmja
[TanueBa mpummcyje ce OpuranHoM reHepary MuxoBwinry MuxaseBuhy, Koju je
rpagoM ympaBbao on 1816. mo 1831. romune. Y meroBoj kyhu, koja je
HanpaBibeHa 1750. romune, Owio je cemuinte banarcke BOjHE rpaHUIle, YU je
KOMaHIauT 6o Muxosuin Muxassesuh.

Haxnagno je Ha jyxHOj dacaam 3rpajae ypahen cyruanu car (¥**, 1982).

Cauka 4: Cynuanu cat y [laHueBy.

He mocrtoju TavyaH mogarak o roIuHM Tpagmbe CyHUAHOT cara, ajld Ce BOIU Ja
je HampaBibeH oko 1750.rogmHe. 3BaHWYHUX MOJlaTaka O TOME KO je HampaBHO
CyHuaH caT, Hema. [Ma camMo [Be MNpPETIOCTaBKEe: NpBa, Aa jé CYHYaHH caT
HampaBuJja rpymna 3aHaTiuja, ¥ Ipyra, 1a jé YMETHHUK, KOjH je HampaBUO MOPTPET
MuxasseBrha Ha 3May, HalpaBHO M CyHYaHW car.. JeIHOCHpAaTHH yrao 3rpaje
3arBapajy ynune Huxone Tecne u [lerpa pammuHa. dacaga mma cenam mposzopa
Ha jJy)KHO] CTpaHM W CyHYaHM caT, JIOK je Ha HMCTOYHO] CTPaHH. CPEAIH €0
HarIalnieH PyCTHKOM M OaJIKOHOM ca OTpaJioM OJ KOBaHOT rBoxha (***, 1982).
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Camuka 5: JleroTan Ha jy»KHOj CTpaHU YJIMIIE - CYHUaHU car y [laHdeBy.
®oro P. Bepuh.

Capammu BiaacHuk je ymian M. Rypuun, agsokar. Y ckiony kyhe apxu
aroTteky, koja Hocu Ha3uB ,, KO CYHYAHOI CATA” . lymian M. hypunH kaxe
Jla OH HUje BIIACHUK 1eje Kyhe, Beh camMo jeqHOr cTaHa Ha cIipary, JI0K je 0CTallo
JpKaBHA HIMOBHHA®

6. CYHUAHMU CAT Y 3PElbAHUHY
3anamTH aeTe, ja 03HAYaBaM BpeMe Koje TH TyouIn

Car ce Hamasu Ha 3rpaaum ExoHOMcke mikoiie y 3pemaHuHy. Mcmonm mera
nuiie: bpojum camo cynuane came. Aytop cara je mp Kpcre Haymosckw,
npodecop, a mypan je ypaguo Mp Munytun Muhuh npogecop. Car je ypahen
1995. rogune.

Cauxka 6: [lan rHacraje nomyT cenke. - CyH4aHu caT y 3pemhaHuHy.
®oto T. Myn han.
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7. CYHUAHMU CAT Y KYMAHY
Cenka Teon, CyHue MeHH.

VYV Kymany, Ha 3a0ary kyhe Anhe Tpudymaruh, hepke Hekaganmer BIacHUKa
Jlaze Tpudymaruha, ceockor OepOepuHa, yriienHe IUYHOCTH cena Kymawne,
Haja3u ce cyHuyanum car. Kyha je mampaBibena 1912. romuHe, a car BEpOBaTHO
ypahen nBamecerux romuHa XX Beka. OBe momarke ao6uo cam on ap Mymika
Jleruha, npodecopa Ha Texunmukom daxyntery ,,M. Ilynun” y 3pemanuny. Jlanac
je to Yimuna Uee Jlone PuGapa Op. 20. Ha cary , koju je ykpaiueH , MOXe ce
YUTATH 110JIa CaTa U II€0 Car.

Cauka 7: Cynuanu cat y Kymany . @oro. [I. Jleruh.
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8. CATOBHU Y KUKUH/ N
OgBako npoJiasu cjiaBa
Kan CyHnue rpeje ja ce cmejem

fin i, o
Cauxka 8: Cynuanu car y Kukunau. ®oto B. Cperenosuh.

Ha xukuHICKO] HpaBOCIaBHO] LPKBU Hajla3h c€ CTapd CyHUYaHM cat, paj
HETIO3HATOr ayTopa.

Cauxka 9: Cynuanu car y Kuknaau ®@oro. B. Cperenosuh.

CyHuaHU car KOju ce Hajia3u Ha 3rpanu ABana ypahen je 2002. rogune, na ou
Kuxunhane noncehao Ha maHe kana je Ouiao ToTanHo nompadewme CyHIa y OBOM
rpany 1999. rogune. 3rpana ce Haja3u y HeHTpy rpaga. Car cy ypaauinu npod. ap
Munytun Tamuh ca T'eorpadcekor dakynrera y Beorpagy u npod. np Ilerap B.
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Bymna ca Bucoke TexHWuKe ILIKOJIE CTPYKOBHHX CTynuja y 3pemaHuny. uck ox
IJIMHE Hanpasuo je npodpecop Munopan Kuexesuh u3 bamanna.

Bpaham,cyruanu cam ua ono Bpeme
Koje Humta He OTKy1aBa,
W uuira He okoHYaBa.

O, To MUJI03BY4HO, O€3BPEMEHO BpEME,
[To HUje cy3a, HUje CeHKa, Huje Opeme,

Boxo Cmojuuh
Benuku npacak
([eunje nHoBHHE — [OpHEM MunaHoBaI)

9. CYHUYAHU CAT HA MOKPUHCKOJ lIPKBH

Xpam y Mokpuny usrpahen je 1762. romuHe u mocBeheH je cCBETUM
apxanreanma Muxamty u 'aBpuity. Xpam ce Hanas3u y neHTtpy cena. Ha npksu, Ha
HMCTOYHO] CTpaHM, HaJla3: ce CyH4YaHH caT. AyTop Huje mo3Har. Car je ypahen 29.
cenrreMOpa 1817. roguue. 3a MONIOBamke CYHYAaHOT cara u3lBojeHO je 94 dopunTe
n 58 xpajuapa (IpKBeHA KIbHTa padyyHa).

Cauka 10: Cynuanu car y Mokpuny. @oro I1. Byta.
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10. CYHYAHHU CAT Y TUTEJY

Cuanka 11: Cynuanu car y Tureny. ®oro A. Hukonuh.

Car ce Hana3u y ueHTpy rpaga. Huje Buabus, jep ce Hanmasu y mapky. Hema
HMMEHa ayTopa HUTH KaJ je paljeH.

[IpunukoM Tpakema mojaraka 0 CyHYaHHM CaTOBHMA 3aKJbY4HO CaM Jia HX
vMa HajBHIIIE Ha I[PKBaMa, a Masi Opoj Ha mpuBaTHIM Kyhama. Kana cy caroBu Ha
npuBatHUM Kyhama, oHma cy To Omim Oorarn gomahwmuu. MHTEpecaHTHO je aa
HUTIE HeMa 3a0eJieKeHO MME ayTopa CyHYaHHX CaroBa, HH TOIWHA HHXOBOT
MOCTaBJbamba.

HajBume cynuanux caroBa uma y banary y Bojsomunm. 3amro!? Mucium
3aro mTo cy banahanw Owim, BpemHW, THXH B OOTaTH W BOJIIM CaTOBE KOjH paje
TUXO U HEUYjHO, a YBEK CY TY.

Jlnteparypa

*¥*%. 1982, Kamanoe wuznoxncoe “Kynmypno ucmopujcku cnomenuyu® Ilanuesay-
epadumesncko naciehe”, Hapomau mysej y [TaHdeBy.

Mwomesuh  ITerap: 1985, Cynuamm car u3 Cupmmjyma, Cmapunap XXXVI,
Apxeonomku uHCTUTYT, beorpan.
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II. B. BYLIA

SUNDIAL WALTZ

A sundial is a clock that measures time according to the position of the Sun. As the
position of the Sun changes, the shadow shows time. Sundials can be adjusted to any
surface on which a fixed object throws a shadow. Sundials show only a day's solar time.
The sundials were known already in Egypt. They were also developed by other cultures:
the Chinese, the Ancient Greeks and the Romans. The type of sundial with a pointer
(gnomon) is described in the Old Testament (Isaiah 38:8). It is believed that the
mathematician and astronomer Theodosius of Bithynia (about 160 BC - about 100 BC)
invented an universal sundial that could be used anywhere in the world. In this report we
will give an overview of the location of sundials in Vojvodina. Who are the makers of the
clocks? From which period do they origin? The work will show photographs of sundials:
Sombor, Zrenjanin, KruSedol, Pan¢evo, Kumane, Mokrin, Sremska Mitrovica, Kikinda and
offer data on the clocks and their makers, those who are known for sure to to be the
creators.
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XII SERBIAN-BULGARIAN ASTRONOMICAL CONFERENCE
PROGRAMME

GREEN. INPERSON
BLUE VIRTUAL
BLACK NO DECISION

Friday, September 25

12:00 — 16:00 Arrival
16:00 — 17:00 Registration (at the reception of the Hotel Moravica)

17:00 — 17:30 Opening ceremony

Chairs: Ognyan Kounchev and Vladimir Srec¢kovi¢

17:30 — 19:00 Round table: COLLABORATION BETWEEN SERBIAN AND
BULGARIAN ASTRONOMERS - PRESENTATION OF THE
EXISTING PROJECTS

20:00 - Welcome cocktail

Saturday, September 26

Chair: Luka C. Popovi¢

09:25 — 09:50 Dejan Urosevi¢: PROPER MOTION OF Cyg LOOP FILAMENTS

09:50 — 10:15 Renada Konstantinova-Antova: MAGNETIC FIELD AND
ACTIVITY STUDY IN M GIANT STARS

10:15 — 10:30 Isidora Jankov: APPLICATIONS OF MANIFOLD LEARNING
TECHNIQUES TO SPECTRAL PARAMETERS OF QUASARS

10:30 — 11:00 Coffee break

Chair: Katya Georgieva

11:00 — 11:25 Rositsa Miteva: A NEW SPACE WEATHER SERVICE IN
BULGARIA: THE MULTI-ENERGY PROTON EVENT
CATALOG

11:25 - 11:50 Miroslava Vukcevi¢: SOLITONS IN THE IONOSPHERE —
ADVANTAGES AND PERSPECTIVE

11:50 — 12:15 Yoana Nakeva: POLARIZATION OF WHITE-LIGHT SOLAR
CORONA DURING TOTAL SOLAR ECLIPSES

12:15 — 12:30 Sasa Topi¢ APPLICATIONS OF PHOTONICS IN
EXOPLANETOLOGY

12:30 — 14:30 Lunch
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Chair: Nikola Petrov

14:30 — 14:55 Milan S. Dimitrijevi¢: THE MODIFIED SEMIEMPIRICAL
METHOD (1980-2020)

14:55 — 15:20 Srdan Bukvi¢: ASTROPHYSICALLY INTERESTING STARK
PARAMETERS MEASURED IN LASER-INDUCED PLASMA

15:20 — 15:35 Magdalena Christova: STARK BROADENING OF Be I1
SPECTRAL LINES

15:35 — 15:50 Mariyana Bogdanova: STUDY OF THE FRACTAL
DIMENSIONS IN THE MOLECULAR CLOUD ROSETTE BY
USE OF DENDROGRAM ANALYSES

15:50 — 16:05 Zlatko Majlinger, Milan Dimitrijevi¢: STARK BROADENING OF
Co I LINES IN STELLAR ATMOSPHERES

16:05 — 16:35 Coffee break

Chair: Dejan UroSevi¢

16:35 — 17:00 Aleksandra Baji¢ VENUS IN THE MYTHOLOGY OF THE
SOUTHERN SLAVS

17:00 — 17:25 Milan S. Dimitrijevi¢ MYTHOLOGICAL ORIGIN OF
CONSTELLATIONS AND THEIR DESCRIPTION: ARATUS,
PSEUDO-ERATOSTHENES, HYGINUS

17:25 — 17:40 Aleksandra Baji¢: A PAIR OF MONUMENTAL MEDIEVAL
BOSNIAN UMBSTONES (STECAKS) FROM DONJA ZGOSCA

17:40 — 17:55 Petar V. Vuca: SOLAR WALTZ

Sunday, September 27

Chair: Vladimir Sre¢kovi¢ (EUROPLANET SESSION)

10:30 — 10:40 EUROPLANET INFORMATION

10:40 — 11:05 Aleksandra Nina: ACTIVITIES OF SERBIAN SCIENTISTS IN
EUROPLANET

11:05 — 11:30 Nikola Veselinovi¢: COSMIC RAY FLUX MEASUREMENTS AT
BELGRADE COSMIC RAYS STATION DURING SOLAR
CYCLE 24

11:30 — 11:55 Ognyan Kounchev, Georgi Simeonov: SOME APPLICATIONS
OF WAVELET ANALYSIS TO PHENOMENA IN THE
IONOSPHERE

11:55 — 12:20 Ramesh Chandra: CHARACTERISTICS OF SEPs ASSOCIATED
WITH SOLAR FLARES

12:30 Lunch and afternoon excursion
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Monday, September 28

Chair: Ognyan Kounchev

09:55 — 10:20 Goran Damljanovi¢: GAIA DR3 AND SOME RESULTS OF
SERBIAN-BULGARIAN COOPERATION

10:20 — 10:35 Milan Stojanovi¢: SERBIAN-BULGARIAN OBSERVATIONS OF
GAIA ALERTS (GAIA-FUN-TO) DURING 2019

10:35 — 10:50 Miljana Jovanovi¢: COLOR VARIABILITY OF SOME QUASAR
IMPORTANT TO THE ICRF -- GAIA CRF LINK

10:50 — 11:20 Coffee break

Chair: Milan S. Dimitrijevi¢

11:20 — 11:45 Viktor Afanasiev: A NEW APPROACH TO MEASURING THE
SIZE OF THE DUST SUBLIMATION REGION IN AGNs

11:45 — 12:10 Dragana Ili¢, Lyuba Slavcheva-Mihova: THE REVERBERATION
MAPPING OF QUASARS IN TOTAL AND POLARIZED LIGHT

12:10 — 12:25 Elena Shablovinskaya STOKES POLARIMETER FOR 1-METER
TELESCOPE

12:25 — 12:40 Djordje Savi¢c: BROAD LINE POLARIZATION IN ACTIVE
GALACTIC NUCLEIL: MODELS AND OBSERVATIONS

12:40 — 12:55 Eugene Malygin: THE FIRST RESULTS OF THE
PHOTOMETRIC REVERBERATION PROJECT AT THE 1-M
TELESCOPE OF SAO RAS

12:55 — 13:10 Orlin Stanchev: TRACING THE LOCAL MORPHOLOGY OF
THE MOLECULAR CLOUD ROSETTE USING MOLECULAR-
LINE AND DUST-EMISSION DATA

13:05 - 14:30 Lunch

Chair: Dragana Ili¢

14:30 — 14:55 Rade Pavlovi¢: LUCKY IMAGING AT AS
VIDOJEVICA:PRESENT STATE AND FUTURE PLANS

14:55 — 15:10 Svetlana Boeva: OSCILLATIONS IN KR Aur AT MINIMUM

15:10 — 15:25 Yordan Darakchiev: DEEP LEARNING FOR CLASSIFICATION
OF LONG PERIOD VARIABLE STARS IN THE LOCAL
GROUP

15:25 — 15:40 Stanislav MiloSevi¢: N-BODY SIMULATIONS OF STELLAR
STREAMS, BARS, SHELLS AND RINGS IN SPIRAL
GALAXIES

15:40 — 16:00 Coffee break
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Chair: Rumen Bachev

16:00 — 16:25 Nikola Petrov: SHADOW BANDS AND RELATED
ATMOSPHERIC CONDITIONS REGISTERED DURING
TOTAL SOLAR ECLIPSES

16:25 — 16:40 Yanko Nikolov: SPECTROPOLARIMETRIC OBSERVATIONS
OF THE RECURRENT NOVAE

16:40 -16:55 Lyubov Marinkova: EXTRACTION OF A SECOND POWER-LAW
TAIL OF THE (COLUMN-)DENSITY DISTRIBUTION IN
STAR-FORMING CLOUDS

Chair Mas$a Lakicevié¢
17:00 — 19:00 Poster presentation

20:00 Conference dinner

Tuesday, September 29

Chair: Viktor Afanasiev (Elena Shablovinskaya)

10:00 — 10:25 Jelena Petrovi¢ EVOLUTION OF MASSIVE BINARY SYSTEMS

10:25 — 10:50 Evgeny Mikhailov: NO-Z MODEL FOR MAGNETIC FIELDS OF
ACCRETION DISCS

10:50 — 11:20 Coffee break

Chair: Andjelka Kovacevié

11:20 — 11:45 Branko Dragovich: ON COSMOLOGY OF NONLOCAL
GRAVITY

11:45—12:10 Sava Donkov and Todor Velchev: DENSITY PROFILE OF A
SELF-GRAVITATING POLYTROPIC TURBULENT FLUID IN
THE CONTEXT OF MOLECULAR CLOUDS

12:10 — 12:30 Closing the conference

12:30 — 14:00 Lunch
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LIST OF POSTERS

PO1. Bojan Arbutina ON THE DISTRIBUTION FUNCTION OF PARTICLES
AT QUASI-PARALLEL COLLISIONLESS SHOCKS

P02. R. Bachev, A. Strigachev OPTICAL FOLLOW-UP OF TRANSIENT
EVENTS FROM BELOGRADCHIK OBSERVATORY IN THE ERA OF THE
MULTI-MESSENGER ASTRONOMY

P03. Daniela Boneva MID-CYCLE OBSERVATIONS OF CR Boo AND
ESTIMATION OF THE SYSTEM PARAMETERS

P04. Natalie Janc MILUTIN MILANKOVIC AND ASSOCIATES IN THE
CREATION OF THE “KANON”

P05. Daniela Kirilova INFLATIONARY MODELS, REHEATING AND
SCALAR FIELD CONDENSATE BARYOGENESIS

P06. Aleksandra Kolarski STORM ACTIVITY OVER BALKAN REGION
DURING MAY 2009

P07. Kostadinka Koleva, Rositsa Miteva PRESENTATION OF THE PROJECT
“ERUPTIONS, FLOWS AND WAVES IN SOLAR ATMOSPHERE AND
THEIR ROLE IN SPACE WEATHER”

P08. Andjelka Kovacevi¢c SUPERMASSIVE BLACK HOLE BINARY
CANDIDATE PG 1302-102: OSCILLATIONS AND PERTURBATION IN THE
PHOTOMETRIC LIGHT CURVE

P09. Jelena Kovacevi¢ Dojé¢inovic THE SPECTRAL PROPERTIES OF THE
LARGE SAMPLE OF AGN TYPE 2

P10. Masa Laki¢evi¢ THE SPECTROSCOPIC CORRELATIONS AND MODEL
OF DUSTY HYPERBOLOID WITH A THIN DISK

P11. Sladjana Marceta Mandi¢ THE INFLUENCE OF THE INTERNAL
REDDENING ON ESTIMATION OF BLACK HOLE MASS IN QUASARS

P12. Boyko Mihov DATA MINING: ANALYSIS OF THE HQM AND JOMPQ
LIGHT CURVES OF AGNs

P13. Boyko Mihov INTRA-NIGHT MONITORING OF THE BLAZAR
0716+714: RESULTS FROM THE 2011 CAMPAIGN
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P14. Rositsa Miteva OCCURRENCE RATE AND CAUSAL RELATIONSHIP
OF EXTREME SPACE WEATHER EVENTS

P14. Aleksandra Nina LOWER IONOSPHERE DISTURBANCES: THEIR
POSSIBLE RELATIONSHIP WITH EARTHQUAKES, AND INFLUENCE ON
SATELLITE SIGNALS

P15. Petya Pavlova STUDY OF THE BRIGHTNESS SPREADING IN SOLAR
ERUPTIVE PROMINENCE IMAGES

P16. Luka C. Popovi¢ MICROLENSING OF POLARIZED LIGHT OF THE
GRAVITATIONAL LENS J1004+4112

P17. Evgeni Semkov, Nikola Petrov SOME OBSERVATIONS ON
EXTRATERESTRIAL SOLAR VARIABILTY AND INFLUENCE OVER
ATMOSPHERIC OZONE CONCENTRATION AND SOLAR UV RADIATION
FLUXES

P18. Lyuba Slavcheva-Mihova STAR FORMATION IN THE HOST GALAXIES
OF RADIO-QUIET QUASARS

P.19. Lyuba Slavcheva-Mihova BLACK HOLE MASSES AND BROAD LINE
REGION GEOMETRY OF QUASARS

P20. Vladimir Sre¢kovi¢ DESTRUCTION OF SOME MOLECULAR IONS OF
ASTROPHYSICAL INTEREST

P21. Vladimir Sre¢kovi¢ DISTURBANCES OF THE LOWER IONOSPHERE
INDUCED BY SOLAR FLARES DURING TRANSITION PHASE OF 24
SOLAR CYCLE

P22. Vladimir Sre¢kovi¢ COOPERATION BETWEEN THE ASTRONOMICAL
OBSERVATORY IN BELGRADE AND INSTITUTE OF PHYSICS
BELGRADE IN INVESTIGATION OF COLLISIONAL AND RADIATIVE
ATOMIC PROCESSES IN ASTROPHYSICS"

P23. Sasa Topi¢ ROLE OF DIFFRACION LIMITED PHOTONIC
SPECTROGRAPHS IN EXOPLANETOLOGY: CASE STUDY OF HPCFC
COUPLED ECHELLE SPECTROGRAPH — MODAL STABILITY, SPECTRAL
SENSITIVITY AND NOISE FLOOR FOR DETECION OF SUPER EARTHS

P24. Tsvetan Tsvetkov QUASI-PERIODIC VELOCITY FLUCTUATIONS IN
ERUPTIVE PROMINENCES OBSERVED BY AIA/SDO

P25. Krasimira Yankova THE ACCRETION DISK IN THE GALACTIC
NUCLEI
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Photo on the back cover: Participants of the 12th Serbian-Bulgarian Astronomical
Conference held in hotel Moravica, Sokobanja (Serbia) from 25-29 September 2020. It
was a blended conference where a small number of participants were present in Sokobanja
(shown on third panel of first raw).

First row: Sasa Simi¢ (Serbia), Jelena Kovaéevi¢ Dojcinovi¢ (Serbia), Porde Savié
(Serbia), Sladjana Maréeta-Mandi¢ (Serbia), Dejan Urosevi¢ (Serbia), Luka C. Popovié
(Serbia), Nikola Petrov (Bulgaria), Ljube Bojevski (North Macedonia), Milan S.
Dimitrijevi¢ (Serbia), Sasa Topi¢ (Serbia), Georgi Simeonov (Bulgaria), Ognyan Kunchev
(Bulgaria), Vladimir Sre¢kovi¢ (Serbia), Aleksandra Nina (Serbia);

Second row: Aleksandra Kolarski (Serbia), Andjelka Kovacevi¢ (Serbia), Danijela Boneva
(Bulgaria), Doron Chelouche (Israel);

Third row: Eugene Malygin (Russia), Elena Shablovinskaya (Russia), Isidora Jankov
(Serbia), Krasimira Yankova (Bulgaria), Theodor Velchev (Bulgaria), Lyubov Marinkova
(Bulgaria);

Fourth row: Masa Lakievi¢ (Serbia), Rade Pavlovi¢ (Serbia), Goran Damljanovié
(Serbia), Miljana Jovanovi¢ (Serbia), Zorica Cvetkovi¢ (Serbia), Milan Stojanovié¢
(Serbia), Orlin Stanchev (Bulgaria), Rositsa Miteva (Bulgaria).
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