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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 DR! (First Release, 14th September 2016) and Gaia DR2 
(Second release, 25th April 20 18) 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 20 12), from milliarcsec to 
microarcsec astrometry (plus the radial velocities Vr), is going to be a revolution 
in astronomy. lt is a cornerstone mission of ESA, and the spacecraft was launched 
at the end of2013. The start ofnormal 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 
20 12). The goal is to produce the Gaia Catalogue in optical domain, and to replace 
the International Celestial Reference Frame - ICRF. The ICRF is ba ed 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 ky with very high precision. The photometry for all astrometrically 
detected objects was done and in spectroscopy the goal is to get the catalogue of 
Yr for - 150 million sources etc. 1n 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. lt is 
detecting not only point sources, but the solar system objects (with an 
improvement of asteroid ephemerides, to detennine the ma ses of the object 
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 1 06.0 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 l41
h 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. lt is detennining the high accurate positions, proper motions and 
parallaxes (five-parameter astrometric solution). 1n 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 
QSOs. More about the DRl 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_lCRS and 
DE_1CRS, parallax, proper motions pmRA and pmDE) are presented in Table 2. 
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The parallax values given in DR2 could be le s 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 (I. 75 yr or 640 days) with some 
interruptions (period 22nd August 2014 - 23rd May 20 16) of Gaia operational 
phase, even the start of a tronomical observations wa in July 2014. TI1e fu-st 
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 ources 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 u ed 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 
wa chosen to get minimal correlations between the positions and proper motions. 

Table 1: The second Gaia data release (DR2). 
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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 Archive1

• 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. 
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The DR2 catalogue is independent because it does not include any other 
astrometric data (Hipparcos or Tycho ones), in contrast to the DRI 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. (20 12). Also, there are some additions since 
2012. The color infonnation 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. 

1 http :1/archives.esac.esa.int/gaia 
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20 18). Depending on positions, magnitude and color, the systematic effects in the 
parallaxes are less than 0.1 mas. The Barycentric Celestial Reference Sy tern -
BCRS is the primary coordinate system: the origin is at the olar system 
barycentre, the axes are aligned with the ICRS, the barycentric coordinate time 
TCB i the time-like coordinate of the BCRS. ln line with Soffel et al. (2003), a 
consistent theory of relativistic astronomical reference y tems wa used during 
the processing of the Gaia data. 

Table 3: The overview of Gaia EDR32
. 

# sources in Gaia EDR3 
#sources in #sources in 

Gaia DR2 GaiaDRl 

Total number of sources "' 1,800.000,000 1,692,919,135 1,142,679,769 

I Number of !).parameter sources "' 1,500.000,000 1.331, 909.727 2,057,050 

I Number of 2-parameter sources " 300,000.000 361.009,408 1,140,622,719 

Sources wrth mean G 
"' 1,800,000,000 1.692,919.135 1,142.679,769 

magrvrude 

Sources wrth mean Gap-band 
" 1,500.000,000 1.381,964 .755 

phO(ometry 

Sources wrth mean GRp-band 
"' 1,500.000,000 1.383,551.713 

phO(ometry 

Gala-CRF SOLI'ces '" 1,500,000 556.869 2.191 

Sources with radllll velocibes 
expected with Gala DR3 / " 7.210,000 from Gaia 

7.224,631 
DR2 in Gala EDR3 

Vanable 50Ufces expected wnh Gara OR3 I see Gaia OR2 550,737 3,194 

Known asterOids wrth epoch 
expected wrth Gaia DR3 I see Gaia DR2 14.099 

data 

EffectiVe temperatures (f off) expected with Gara DR3 I see Gaia DR2 161.497,595 

Ext.-.coon (Ac) and reddernng 
expected With Gara DR3 I see Gara DR2 87,733,672 

(E(Gap-GRP)) 

Sources with radius and 
expected wrth Gala OR3 I see Gaia DR2 76.956,778 -

llllinoslly 

and more ... expected wrth 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. 20 18). 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. ln a prototype version of 1CRF3 
there are 2843 sources (mostly QSOs), the optical counterparts of VLBl radio 
objects. The lAU Working Group "Third Realization of ICRF" is responsible for 
the 1CRF3 catalogue which contains 4262 sources with accurate VLBl radio 
positions. 

2 http ://www.cosmos.esa.int/web/gaia/earlydr3 
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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 
QSO , galaxies, and unresolved binaries exo-planet epochs and transit for all 
objects; see Table 3. The early Gaia EDR3 is going to appear at the end of2020. 
The Gaia DR3 catalog is expected after July 2021 . 

The DR3 solution (with improved astrometry and photometry of DR2 
olution) will be consisting of: mean Vr velocities for stars without detected 

variability, object classification and astrophysical parameter (BPIRP 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 em 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 
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- AOB3
. At the two Bulgarian sites Belogradchik (see Figure I) and Rozhen, 

there are another 4 instruments of our interest. At Belogradchik it is the 0=60 em 
telescope, and at the Rozhen Observatory there are three instruments: the Schmidt 
- camera 50/70 em, 0 =2 m and 0 =60 em telescopes. Since mid-20 16 there is 
another ASY instrwnent (0= 1.4 m telescope) via Belissima project4 (see Figure 
2). Using these 6 telescopes (Oamljanovic et al. 20 14; Oamljanovic et al. 20 18a; 
Damljanovic et al. 2018b; Tari 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 lCRF radio-sources vi ible 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. Damljanovic). 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 2013-20 19) and it is in accordance with the future 
Gaia reference frame (Taris et al. 20 18). 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. lt 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. 20 18) 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 ceo 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; Damljanovic et al. 2014), and some 
results were presented at a few conferences. We are doing with the Johnson BY 
and Cousins Rclc filters, and the seeing is between 1."0 and 3."5 at the Serbian
Bulgarian sites: the mean value at ASY is 1. "2 and it could be 0. "7 at Rozhen and 
ASY. Using the 2 m Rozhen and 1.4 m ASY telescopes we could observe the 
objects until V=20 mag with Exp.- 5 min (until19 mag using smaller instruments). 

3 http: //vidojevica.aob.rs 
4 http: //belissima.aob.rs 
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In line with an indication that the bright DR2 reference fra me (stars with 
G::; l3 mag) rotates by about 0. I mas/yr relative to the fai nt quasar frame the 
amplitude A=0.5±0.l mas/yr of the sinusoidal curve ofpmDE differences INDLS
DR2 was calculated (Damljanovic 2020) using the original INDLS catalog of 682 
tar . 

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 DRl. The data of bright sources (G < 12 mag) were included 
already in DR! , 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 ASY telescope in its dome. 
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The astrometric results in Gaia DR2 are ba ed on - 2 years of ob ervations, 
and the random and systematic errors are till higher than it can be expected for 
the fmal solution. TI1e calibrations are very preliminary. There are possibilities for 
improvements (Lindegren et al. 20 18) and there are many investigations to be 
done for the next solution (DR3). Also, all object beyond the solar ystem 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 ofQSOs 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 tarted at 2014. 
Then , the investigations in accordance with Gaia astrometry (Taris et al. 20 18) and 
Gaia Alerts (Campbell eta!. 2015; Damljanovic eta!. 2014) were done. The first 
SANU-BAS project was "Observations of ICRF radio-sources visible in optical 
domain" (20 14-20 16) the second one was "Study of ICRF radio-sources and fa st 
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 
(Damlj anovic 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 astronomica l 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-BuJgarian mini-network telescopes" are 
presented, here. Usually, we did about 15 objects per year. The mentioned activities are in 
line with actua l SANU-BAN (Serbian and Bulgarian Academies of Sciences) joint 
research project "Gaia Celestial Reference Frame (CRF) and fast variab le astronomical 
objects" (period 2020-2022), and similar international investigations supported by IAU. 
Also, our activities in line with the object Gaia18dvy are pre ented. The Gaia18dvy is a 
new case ofFU Orionis-type young eruptive star in the Cygnus OB3 Association, and the 
paper about it was published during 2020. 

I. 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. lt is doing revolution in 
astrometry and these result are usefu l for all the relevant scientific communities: 
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for the tellar physic , our understanding of the Milky Way galaxy the Solar 
system bodies, etc. The positions, proper motion and parallaxes (or the high
precision astrometric data) are the main goal of that mis ion. The G magnitudes of 
sources range from 3 to 2 1. An important step in the realization of the Gaia 
reference fra me in future is the Gaia catalogue. The second Gaia solution or data 
release (OR2) of about 1.7 billion ource ha been made publicly avai lable on 
April2018 , and the next one (Gaia EDR3) is going to appear at the end of2020. 

The Gaia provides near-real-time photometric data during canning the sky 
multiple times and because of its these data are used to detect ome 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: supemovae, 
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 increa es 
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. ln Table 1, 
we present a munber of alerts published per year on the official website 1

• 

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 0 =60 em telescope. At mid-20 16 and via the Belissima 
project (see website2

) there was another new telescope (D= 1.4 m) at that site, and 
we used 4 instrwnents 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.Oamljanovic). 
In a few papers (Oamljanovic et al. 20 14; Taris et al. 2018) the main information 
about the mentioned instruments was published. Three telescopes (0=2 m, 0=60 
em, and Schmidt-camera 50170 em) are at NAO Rozhen, and one (0=60 em) is at 
Belogradchik AO. The NAO BAS means National Astronomical Observatory of 

1 http: //gsaweb.ast.cam.ac.uk/alertslhome 
2 http: //belissima.aob.rs 
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Bulgarian Academy of Science (or BAN in Bulgarian language), and Serbian 
Academy of Sciences and Art is SASA (or ANU 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 0=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 coordinate (longitude, latitude) 
and altitude are: 1..=79.7° E, cp=29.4o N h=2420 m. The mentioned telescope is 
equipped with the CCD camera Andor DZ436: 2048x2048 pixels 13.5x13.5 f .. un 
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 
2020 (updated lOth Nov 2020) 
20 19 
2018 
2017 
2016 
2015 
301

h Aug 2014-31 st Dec 2014 

Number of alerts 
3468 
3915 
2729 
2322 
1522 
168 
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 20 19, we observed 15 objects. 
A) There are 9 objects using the D=60 em telescope at ASV: Gaia19apc (5 

times or epochs) Gaia19awc (2), Gaia19bcv (2), Gaia19cvu (1), Gaia19cup 
(1 ), Gaia19dke (1), Gaia19dum (2) Gaia18dvy (1), Gaia19duw (2). 

B) Using the 0 =1.4 m ASV there are 10 objects: Gaia18dvu (2), Gaia18dvy (2), 
Gaia19aik (2), Gaia19ajp (2), Gaial9apc (3), Gaia19bcv (2) Gaia19awc (1), 
Gaia19drp (1), Gaia19dqe (1 ), Gaia19bpg (1) . 
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C) Using the 0=2 m Rozhen (FoReRo2 y tern) there are 3 objects: Gaial9awc 
(l) Gaia19bcv ( 1), Gaia19apc (l ). 

D) There are no data using the 0=60 em Rozhen (-):-. 
E) There are no data using the 0=50170 em Schmidt-camera at Rozhen (-): - . 
F) There are no data using the 0=60 em Belogradchik AO (-):-. 

We did about 440 CCDs during 20 19: about 200 u ing 0 =60 em ASV 36 
using 0 =2 m Rozhen (FoReRo2 system), and about 200 using 0=1.4 m ASV. It is 
- 8% using 0=2 m Rozhen, -46% using 60 em ASY, and -46% using 1.4 m 
ASY. 

Table 2: Mini network of telescopes. 

Name Type Longitude 

Astronomical Station Vidojevica - Astronomical Observatory Belgrade - (Serbia) 

"Milankovic" 1.4 m Ritchey-Chretien 21.6° 43.1 ° 1143 m 

"Nedeljkovic" 60 em Cassegrain 21.5° 43.1° !136m 

Rozhe11 Natio11al Astro11omical Observatory- Bulgarian Academy of Sciences (Bulgaria) 

2m Ritchey-Chretien 24.7° 41.7° 1730 m 

60cm Cassegrain 24.7° 41.7° 1759 m 

5onocm Schmidt-can1era 24.7° 41.7° 1759 m 

Belogradchik Astronomical Observatory (Bulgaria) 

60 em J Cassegrain J22. 7° J650 m 

The object Gaial8dvy is very interesting. Its CCO image is presented (see 
Figure 1) after standard reduction (bias/dark/flat, hot/dead pixels etc.) . The object 
is marked with lines. This itnage was made on 13th March 2019 using the ASV 
telescope (0=1.4 m) with CCO Andor iKon-L camera: R-filter Exp.=I20s, 
FoV=8.'3x8. '3 binning=lx1 , scale=0."24 per pixel. We observed the Gaia18dvy 
three times during March and August 2019 using two ASY instrwnents: 

1.) on 12th March, JD=2458555 .6, using 0=1.4 m ASY telescope with CCO 
Andor iKon-L (0. ''244 per pixel), there are 12 CCO images or 3(BVRI), 

2.) on 291h March, JD=2458572.6, 0=1.4 m with Andor iKon-L, 3(BVRI), 
3.) on 29th August, JD=2458725.5 , 0=60 em with FLI PL230 (0."518), 3(BVR1). 
The obtained results are: 

1.) in B-ba.nd 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=I6.60±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=14.43±0.00 (+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= I6.38±0.0I (+0 .1 234), 16.38±0.01 (+0.11 73) 16.37±0.01 (+0.1113), 
r= 15.42±0.00 (+0.1188), 15.42±0.00 (+0.1249), 15.40±0.00 (+0.1128), 
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i= l4.34±0.00 (+0. 1203), 14.34±0.00 (+0. 1143) 14.33±0.00 (+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 (+0.965 1 ), 
r=14.99±0.00 (+0.9737) 14.77±0.00 (+0.9758), 14.98±0.00 (+0.97 15), 
i= l3 .67±0.00 (+0.980 1) 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 
DIF [m/ [pixel] [/.an} ["} view- Fo V['] 

1.4/1 1.42 Apogee Alta U42 2048 X 2048 13.5 X 13.5 0.243 8.3 X 8.3 
ASV Andor iK.on-L 2048 X 2048 13.5 X 13.5 0.24 8.3 X 8.3 

2/ 15.774 VersArray 13008 1340 X 1300 20x 20 0.26 1 5.6 X 5.6 
Rozhen Andor iKon-L 2048 X 2048 13.5 X 13.5 0.176 6.0 X 6.0 

0.6/6 Apogee Alta U42 2048 X 2048 13.5 X 13.5 0.465 15.8 X 15.8 
ASV SBIG STIO XME 2184 X 1472 6.8 X 6.8 0.23 8.4 X 5.7 

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 PLl6803 4096 x4096 9x9 1.08 73.7 X 73 .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 BY and Cousins Rc1c) into another one via the Cambridge Server. 

We investigated Gaia 18dvy (a=20:50:06.02, 8=36:29: 13.52, see Figure 1.) 
which was noted by Gaia alerts system when its light curve bad a 4 magnitude 1ise 
in the period 2018-2019. It was proved to be a new case of FU Orionis-type young 
eruptive stars in the Cygnus 083 Association (Szegedi-Elek et al. 2020). 

Once identified, Gaia18dvy 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 tbis as Figure 3 using the paper 
(Szegedi-Elek et a l. 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. lts 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 bas been developed, 
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based on the spectral energy di tribution, and indicates a disk with a ma s of 
4x10-3 Msun· 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 or'tbe Gaia18dvy (R-filter, Exp.=120s) on ... Mar~h l31h20 19 
using the 0=1.4 m ASY 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=l.4 m ASY 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-20 16 (new dome from 20 18). 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 mat 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 ofNIR 
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 of2013. 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 
(Damljanovic et al. 2014) during the test phase in 2013 and 2014. After that (from 
the end of 20 14) 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 BY 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 Gaia14aae object. During 2020 two papers were 
published: (Wyrzykowski et al. 2020) about Gaia16aye object (Ayers Rock), and 
(Szegedi-Elek et al. 2020) about Gaia18dvy one. The Gaial6aye is the binary 
microlensing event (the first discovered in the Northern Galactic Disk); we did 
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that object from mid-20 16 and during about 2.5 year . The object Gaia l8d vy is a 
new case of FU Orionis-type young eruptive star in the Cygnus OB3 
Association. Also, some of our re ults 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 simi lar precision. To link ICRF provided with very long baseline 
interferometry (VLBI) in radio and Gaia CRF in optical wavelength i 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 Astronomica l Station Yidojevica (of the Astronomical Observatory of 
Belgrade) and the one at the Rozhen ational Astronomical Observatory (Bulgaria) . The 
brightness variability (V and R bands) of five candidate sources was te ted using the F
test. The color variability for the period from Jul y 2016 to August 2019 for these five 
objects, and color magnitude dependence 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 1CRF3 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 (YLBI) . 

The early third Gaia data relea e (Gaia EDR3) should be available from 3 
December 2020 two years before the full data relea e. 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. 20 18). To link the Gaia CRF (ba ed on the ob ervation 
at optical wavelength) with the ICRF (based on the VLBI observations at radio 
wavelength ) it i required to observe a et of qua ar (QSO ) visible in the optical 
domain. For thi link are suitable only I 0% 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 
(AGN ) mostly QSO the other are BL Lacertae - BL Lac and Seyfert galaxies 
type I. The one of properties of AG s is flux variability at different wavelength. 
These variation are divided into three cia se (Gupta 2014): Intra Day 
Variabilitie (tho e of le s than a day) Short Tenn Variability (within the range of 
a few days to a few months) and Long Term Variability (from a few months to 
several year ). It i nece ary to monitor brightne variability of candidate 
source for the link between two reference frame over a longer period of time. 

The ubject of thi paper i investigation of color variability of five AGN 
which have been the mo t ob erved object . The results of investigation of the 
brightness variability of these five sources for a similar period of time are 
pre ented in paper : Jovanovic (2019) and Jovanovic and Damljanovic (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 
(http ://ned.ipac.caltech.edu/) and the type i from SIMBAD A tronomical 
Databa e. 

Table 1: The main properties of objects. 

Object ll!J2000.o(
0

) OJ2ooo.o (0
) z Ob crvalion date 

(nunddyyyy) 
start finish 

1535+ 231 234.31041 23.01126 0.462524 QSO 07022016 0 062019 
1556+ 335 239.72993 33.3 51 1.653476 QSO 07022016 0 062019 
1607+ 604 242.0 560 60.307 3 0. 17 000 BL Lac 07022016 0 062019 
1722+ 119 261.2 10 11. 7096 0.01 000 BL Lac 07022016 0 0 2019 
1741+ 597 265.63334 59.751 6 0.400000 BL Lac 07042016 0 072019 

2. OBSERVATIONS AND PHOTOMETRY 

The ob ervations were made using three different telescopes. Two telescopes 
are located at Astronomical Station Vidojevica (ASV) of the Astronomical 
Ob ervatory of Belgrade and third one is located at the Rozhen NAO in Bulgaria. 
The details about used telescopes (ASV with mirror diameter 60 em and 1.4m, and 
Rozhen 2m) and mounted CCD cameras are presented in paper Jovanovic (2019). 
Every nights two CCD image per V and R filter have been obtained and bias, 
dark and flat frames which were used for reduction ofCCD 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 brightnes of object wa determined using differential photometry with 
two comparison stars with similar brightness and color to that of the object. In the 
ame manner the brightne of a few control tars wa determined for the every 

observing night. The (comparison and control) tars are located in the object 
vicinity. The stars were chosen from the Sloan Digital Sky Survey Data Release 
14 (SDSS DRI4) catalogue (Abolfathi et al. 2018), except for the object 
1722+ I 19 they are chosen from the set of tars propo ed in paper Doroshenko et 
al. (2014). We selected stars following several criteria. Out of the stars in the 
objects vicinity we chose star which are not variable not too bright or faint tars 
(with g rand i magnitude out ide 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-Cou ins V and R one , was performed using equations 
(Chonis and Ga kel2008): 

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 magnitude of the star for the 1722+ 119 object are taken from the 
paper Doroshenko et al. (2014). ln the Table 2. are li sted coordinates of objects 
and their two comparison (A and B) and control tar the V c and Rc magnitude 
of tars (obtained u ing mentioned equation for tars from SDSS DR14, and 
those from Doroshenko et al. (2014)) along with Yo and Ro (calculated 
magnitudes using differential photometry) of the objects and stars. 

The presented objects were ob erved for about three years. During tills 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 ba 
the hlgher 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 i 
presented in Figure 1. The brightness of 1535+231 and 1607+604 bad 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 bas 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 Yc and Rc 
(input value for differential photometry) magnitudes of stars are in good 
agreement with V 0 and Ro. and the standard deviations of brightness of 
comparison stars are similar to the ones of control. 

In the paper Jovanovic (20 19) are presented charts of the fields of the objects 
and their (comparison and control) stars. In paper Jovanovic and Damljanovic 
(2020) are pre ented analysis of objects brightness variability and calculated 
amplitudes of their quasyperiods fonn the similar data sets. 
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Table 2: The coordinate V and R magnitudes with standard errors of objects and 
their compari on and control star ; period July 20 16 - August 2019. 

Object 
No. 
1535+231 
2 (A) 
3 
4 (B) 
7 

1556+335 
2 (A) 
3 (B) 
5 
6 
7 

1607+604 
2 (A) 
3 (B) 
4 
5 
7 
1722+119 
C2 
C3 
I 
2 (A) 
5 
9 

234.31041 
234.31491 
234 .30004 
234.2517 
234.29312 
234.35917 
239.72993 
239.71950 
239.69035 
239.7679 
239.74562 
239.74317 
239.7339 
242.08560 
242.02 2 
242.02526 
241.97352 
242.0963 
242.16854 
261.26 10 
261.27167 
261.24375 

23.01126 
23.01 31 
23.024 6 
23.01917 
22.96096 
23.01592 
33.3 51 
33.39110 
33.40959 
33.3 778 
33.39003 
33.37370 
33.37219 
60.307 3 
60.2 !)51 
60.31 162 
60.35552 

Vc ± av0 (mag) 

17.200 ± 0.031 
15.9 3 ± 0.030 
16.232 ± 0.024 
16.470 ± 0.027 
15.860 ± 0.035 

17.336 ± 0.030 
16.381 ± 0.027 
16.271 ± 0.030 
16.19 ± 0.030 
15.552 ± 0.030 
15.743 ± 0.040 

13.173 ± 0.005 
14.07 ± 0.012 
13.445 ± 0.009 
14. 23 ± 0.00 
15. 73 ± 0.010 
15. 09 ± 0.00 
16.142 ± 0.011 
15.665 ± 0.009 

2 265.62329 59.75176 15.565 ± 0.029 
3 (A) 265.570 1 59.753 7 16.673 0.029 
4 265.68412 59.76 61 16.376 ± 0.03'1 
5 265.61457 59.79[>47 16.154 ± 0.031 
6 265.682 59.71901 16.126 ± 0.03 
7 (B) 265.59766 59.71 6 16.633 ± 0.039 

Note . (A), (B) refer to comparison ·tars. 

Rc ± <7R0 (mag) 

16.65 ± 0.03 
15.633 ± 0.031 
15. 67 ± 0.029 
15.973 ± 0.036 
15.149 ± 0.050 

16. 50± 0.03 
16.09lj ± 0.030 
15.!)16 ± 0.031 
15. 25 ± 0.031 
15.18 ± 0.031 
14. 97 ± 0.064 

16.619 ± 0.031 
16.423 ± 0.032 
14.781 ± 0.031 
14.965 ± 0.044 
16.467 ± 0.031 

12.570 ± 0.006 
13.600 ± 0.00 
12.84 ± 0.010 
14.691 ± 0.012 
15.385 ± 0.016 
15.332 ± 0.014 
15.699 ± 0.019 
15.164 ± 0.013 

15.204 ± 0.054 
16.314 0.053 
15.795 ± 0.067 
15.704 ± 0.056 
15.684 ± 0.064 
16.124 ± 0.074 

Vo ± av0 (mag) 
1 .375 ±0.197 
17.213 ±0.024 
16.000 ±0.024 
16.227 ±0.010 
16.451 ±0.026 
15.841 ±0.024 
17.501 ±0.04 
17.344 ±0.031 
16.378 ±0.013 
16.289 ±O.Q25 
16.225 ±0.022 
15.56 ±0.022 
15.756 ±0.045 
17.461 ±0.104 
17.057 ±0.015 
16. 74 ±0.013 
15.164 ±0.059 
15.601 ±0.041 
16. 3 ±0.050 
15.54.0 ±0.633 
13.177 0.019 
14.0 2 ±0.020 
13.440 0.024 
14.829 ±0.00 
15.857 ±0.043 
15.799 ±0.019 
16.134 ±0.013 
15.653 ±0.017 
17.945 ±0.372 
15.619 ±0.032 
16.678 0.014 
16.4.07 ±0.029 
16.1 7 ±0.040 
16.137 ±0.023 
16.629 ±0.013 

3. METHODS AND RESULTS 

1 .099 ±0.214 
16.693 ±0.036 
15.656 ±0.030 
15. 51 ±0.017 
15.958 ±0.021 
15.142 ±0.02 
17.020 ±0.040 
16. 95 ±0.032 
16.074 ±0.015 
15.936 ±0.023 
15. 76 ±0.021 
15.223 ±0.017 
14.966 ±0.016 
17.000 ±0.0 4 
16.601 ±0.017 
16.439 ±0.015 
14.715 ±0.050 
14.929 ±0.036 
16.3 9 ±0.061 
15.013 ±0.613 
12.628 0.025 
13.629 ±0.015 
12. 57 ±0.024 
14.6 ±0.005 
15.378 ±0.022 
15.339 ±O.ot 
15.712 ±0.020 
15.169 ±0.007 
17.545 ±0.376 
15.290 ±0.042 
16.331 0.015 
15. 'lO ±0.024 
15.753 ±0.024 
15.696 ±0.022 
16.110 ±0.012 

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

3.1 F-test 

We used the F-test to investigate the brightness variability of objects (de 
Diego 2010, Gupta et al. 20 17, Jovanovic 20 19), 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 curve 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 ind ice V -R and R -band magnj tude of 
object 1722+ 119. 

F_VAR(O-A) F_VAR(O-A) 
1 - VAR(O- B) I 

1 - VAR(A- B) 
VAR(O-B) 

and F1 = VAR(A- B) 

The designations 0 - A 0 - B and A- B refer to the differences of obtained 
rnagilltudes of object (0) and comparison star A, object and comparison star B 
and comparison star A and B respectively. The brightness of control stars was 
inves6gate by using the same test stati tic (0 refers to the magrutude of the 
control star). The variances VAR(O-A), VAR(O-B) and V AR(A-B) are the 
variances of mentioned differences . 

The F; (i= 1 2 3) statistics were compared with critical values. The F 1 value 
should be around 1 becau e it is expected that the variances V AR(O-A) and 
V AR(O-B) hould be close to each other. Tested brightness should be variable in 
the same manner for both comparison stars (A and B). When the F2 and F3 values 
are greater then critical (which correspond to the significance level 0.05 and 
number of freedom N-1 , where N is the munber of data), the null hypothesis (non 
variability) is discarded. 

Results ofF-test are different from in paper Jovanovic and Damljanovic 
(2020) because of the changing the selection of comparison stars (1607+604), and 
after rejecting some CCO images wruch were obtained during bad atn1ospheric 
condjtions ( 1722+ 119 and 1741 +597). The test show that one object 1556+ 335 is 
non variable, the F; values are almost equal 1, for V (F 1= 1.11 , F2= 1.34, and 
F3= 1.49) and R ftlter (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 re pectively . For the four variable object F 1 value are around 1 
as it is expected but F2 and F3 are greater than the critical value. The F2 3 values 
along with number of data point N and critical values Fe (for N and a = 0.05) are 
li ted in Table 3 for both filters. It is noticeable that the object with significant 
brightness variability (1722+ 119 and 1741+597) have the higher F2,3 values . The 
te t shows that the brightne of control stars could be considered as non-variable. 

Object Filter Fe 
1535+231 v 2.17 

R 24 15.0 , 17.14 2.01 
1607+ 604 v 23 14.09 14.10 2.05 

R 27 6.69, 7.02 1.93 
1722+ 119 v 22 621.18, 596.30 2.0 

R 26 2 33.73 2 52.2 1.96 
1741+597 v 34 190. 6 196.33 1.79 

R 40 1 3.66, 1 7.02 1.70 

3.2 Color va riability 

We investigate the color indices Y-R variations with respect to time (color vs. 
time) and with respect toR-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). ln addition, the linear Pearson correlation 
coefficients r were calculated 

r = L (x- x )(y-y) 

J 2 (x - x)2 L (Y- 5')2 

where xis the time (color- time dependences) orR magnitude (color- magnitude 
dependences), y is color x andy 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 variation with respect to time. 

a ± aa 
0.347 ± 0.111 
0.496 ± 0.072 
0.5 7 ± 0.092 
0.436 ± 0.041 
0.649 ± 0.107 

b± CTb 

-5.36E-5 ± 5. E-5 
-6.63E-6 ± 3. 5E-5 
-6.02E-5 ± . 2E-5 
-2.56E-6 ± 2.06E-5 
- .41E-5 ± 5.53E-5 

Table 5: The color - magnitude dependences. 

Obj t 

1535+231 
1556+335 
1607+604 
1722+ 119 
1741+597 

0.076 
0.047 
0.069 
0.02 
0.0 5 

3.46 ± 1.3 0 
10.300 ± 4. 41 
-0.7 ± 3.307 
0.0 4 ± 0.14 
-0.552 ± 0.743 

-0.17 ± 0.076 
-0.577 ± 0.261 
0.074 ± 0.195 
0.023 ± 0.010 
0.060 ± 0.043 

Note. u0 =stanadrd error a = inter cept, b =slope 
and r = Pear on co ffici nt. 

r 

r 
-0.472 
-0.452 
0.0 1 
0.456 
0.240 

It eems that there are no con i tent systematic trend in the color variation , 
a hown in Table 4 and LLS fits to the color versus time plots (one example is 
presented in Figure 2). The three BL Lac objects (I 607+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 versu 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 c and Rc 
magnitude (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 (Y 0 and R0 ) 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 ofbrightnes variability of tars 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. 1n the previously published papers (Jovanovic 2019, 
Jovanovic and Damljanovic 2020) are presented amplitude of the quasyperiods of 
four variable objects. In this paper in the Table 3 are presented results ofF-test for 
four variable objects . The two objects with higher differences between maxin1um 
and minimum brightness have the higher test statistics than the other objects. For 
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the five pre ented object in Table 4 and Table 5 are listed re ult of analysi of 
brightnes color variations and color - R magnitude dependences. Two objects of 
QSO type were found redder when they are brighter trend and for three BL Lac 
object bluer when they are brighter (BWB) trends. The BWB trend is a well
observed feature in blazars especially in BL Lac object. To better detennine 
coefficients of fitting and understand physical process and cause of object 
variability we need to continue with ob ervation . It is nece ary 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. MsH- a* relation is the most conm10nly used method for the MsH (mass of the 
super-massive black hole) estimation in the AG s (Active Galactic Nuclei) Type 2. Since 
a* (stellar ve locity dispersion) is in some cases diluted by the noise in AGN Type 2 
spectra , it is of interest to fi nd appropriate surrogate for a* 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 circun1stances the width of the [0 lll]5007 A emiss ion 
lines can be used as a* surrogate. We find that only in the case of objects with no 
asymmetry in the narrow emission lines profiles, the width of the [0 III] core can be used 
appropriately as a* surrogate, since outflow kinematics do not affect significantly the [0 
III] profile. 

1. INTRODUCTION 

According the Standard Unified model (Antonucci 1993, Urry & Padovani 
1995S), in the center of an Active Galactic uclei there is a super-massive black 
hole (M811> 106 Msun) surrow1ded 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 w1der higher 
inclination angle, both the narrow and the broad emission lines can be observed. 

The estimation of the M8 11 is of the great importance for investigation of the 
AGNs, their structure and evolution, as well as co-evolution with the host galaxy. 
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The commonly used method for M 811 estimation i M 8 H - a* relation (see e.g. 
Tremaine et al. 2002), where a* is the velocity dispersion of the stars located in 
the bulge of the host galaxy which are strongly gravitationally bounded to the 
M811. a* is measured using the width of the tellar ab orption lines in AGN 
spectra. The problem i that a* is not always well mea urable in Type I AGN 
spectra due to strong luminosity of the AGN continuum, while in Type 2, it could 
be diluted by the noise. Taking into account that M8 H - a* relation is the only 
method for the estimation of the M8 H for the Type 2 AGNs it would be very 
useful to frnd some prominent spectral property that can be used as the surrogate 
for the a*. 

There were nwnerous attempts to find the surrogate for the a* in Type I 
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 a* and width of the narrow emission lines of 
Type l AGNs. 

Nelson & Whittle (1996) noticed that there is lower correlation between a* 
and the [0 111] 5007 A wings, than with the [0 lll] 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 a*. 

ln 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 a*. 

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 >20. After reddening 
and redshift correction, we performed spectral principal component analysis in 
order to subtract host galaxy contribution (see procedure in Lakicevic et al. 20 17). 

We fit the [0 III]A.A. 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 [0 Ill] line 
profiles i.e. [0 III] emission lines can be fitted with only one, core Gaussian 
component (see Fig 1, left). ln the rest of the sample (- 74%) the asymmetry is 
present in the [0 Ill] 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 
sub amples according to the strength of the outflow which is reflected in the 
strength (width and shift) of the wing component of the narrow emission lines. 
The frrst subsample consists of the 135 Type 2 AGN spectra, in which there are no 
wing components in narrow emission lines and the other ub ample consi ts of 
391 AGN spectra, in which the wing (outflow) component are present in [0 III] 
lines. 
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Figure 1: The example of the fit of object with no asymmetry in [0 III] line 
profile (left), and with present asymmetry in [0 Ill] line profile (right). 

3. RESULTS AND CONCLUSIONS 

5100 

The recent investigations of the NLR kinematics (Woo et a!. 2016, Eun et a!. 
2017) suggest that, in order to avoid the outflow influence to the line width, wing 
component should be subtracted from the [0 Ill] profile and only the core 
component shou ld 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 [0 III] core components 
with the o*, for both subsamles. We found that correlation between widths of [0 
III] core components and o* 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 [0 III] luminosity with the width of the [0 III] core component 
for the both subsamples, and we colored the symbols with diverse colors for 
different MsH(o*) bin intervals (MsH is estimated using MsH- o* relation given in 
Woo et a!. 20 15). In the subsample with absent wing components, con·elation 
between these two parameters is stronger (r= 0.53 P = 4.4E-ll ), and it could be 
seen that L [0 Ill] and width of the [0 lll] core component are both indicators of 
the MsH(o*) (see Fig 3a). For subsample with present wing components, there is 
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only weak trend between these two parameter and they are not correlated with 
MB11(cr*) (see Fig 3b). 
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Figure 2: The correlation between cr *and width of [0 III) line core component 
for the subsample with no asymmetry in [0 Ill) line profile (a) and for subsample 

with present asymmetry in [0 Ill] line profile (b). 

As it can be seen from these correlations the width of the [0 Ill] core component 
is better surrogate for cr* in the subsample with absent outflows and consequently 
better M8 H 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 [0 Ill) core component. 

36 



T HE SPECTRA L PROPERTIES OF THE AG TYPE 2SAMPLE 

42.5 

• r = 0.53 
42.0 (a) • P = 4.4E-11 

• • (F) • 
~ 41 .5 • • • •• •• • • ~ • • • 

1'-- • • • • 0 41 .0 • • • 0 • 1.() • :: • 
= 40.5 • 
Q. • 

...--.. 
-.S __. 

40.0 I 

01 al 

..Q • ~ • • 
39.5 

0) 

..Q 

390 
100 150 200 250 300 350 

width of [0 Il l] core component (km s-1) 

43 
r=0 .1 9 

(b) • • P = 1.8E-4 

<; • • 
(F) 42 r# • El • ~ • • 1'-- • 0 • .. • 0 

41 1.() 
4.380 .-<! 

= 4.898 ...--.. 
Q. t) 5.415 .._.. 

5.933 __J • •• I 

01 40 • al 6.45 • ~ ..Q 6.968 

• 0) 
7.485 ..Q 
8.002 
8.520 

39 
100 200 300 400 

width of (0 Ill] core component (km s-1
) 
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Our results point out that MBH e timation using the width of the [0 lll) core as 
surrogate for the cr* can be applied for the AGNs Type 2 with absent wing 
components (with no asymmetry in emission line profiles), in order to get accurate 
MBJ 1 estimation. In the case of the AG s Type 2 with significant emission line 
a ymmetry this method should be taken with the caution because of the large 
scatter cau ed 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 orne emission lines 
which are less affected with outflow kinematics than [0 Ill) lines and therefore 
better cr* 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 ofSFC 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 scenmios and 
for different possibilities of the reheating after inflation. Preliminary results on 
these issues were presented in Kirilova and Panayotova (20 19). 

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 <p 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 <p. 
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An important feature of this model i that after inflation <p o ciliates around its 
equilibrium point and its amplitude decreases due to the Universe expan ion and 
the particle creation caused by the coupling of the scalar field to fennions g<pf1f2, 

where g2/4n = ClcJtrr (Dolgov and Kirilova 1990; Kirilova and Panayotova 2007). 
Hence the baryon charge 8 contained in <p conden ate, i reduced due to particle 
production at the high energy stage where BY i con iderable. If the rate of 
particle creation r is a decreasing function of time the damping is slow and B 
survives until the decay of <p when B is transferred to fennions. The generated 
baryon asymmetry strongly depends on a.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 T Rand the value of the Hubble parameter at 
the inflationary stage H1• Hence there is a big variety of possible H1 and T R values 
following from different inflationary and reheating scenarios. 

Today there exist nwnerous 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 thennalization 
(instant or delayed). The efficient or delayed thennalization were discussed m 
(Mazumdar, Zaldivar 2014). 

2. INFLATIONARY SCENARIOS, REHEATING AN D BARYOGENESIS 

We have analyzed the baryon asymmetry generation in SFC baryogenesis 
model for more than 70 sets ofparameters of the SFC model presented in detail in 
(Kirilova Panayotova 2015; Kirilova, Panayotova 2014). The studied ranges of 
the models parameters were: H1 = 107

- 1016 GeY, m = 100- 1000 GeY, a= 10-3
-

5.10-2
, Ai = 10-3 -5.10-2

. 

Now there exist numerous models of inflation (Martin, Ringeval Vennin, 
20 14). In our previous work we have discussed the following inflationary 
scenarios: new inflation, chaotic inflation, Shafi-Yilenkin 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 P obs = 6.10- 10 

, where fo-BT R/Hr, for the following 
models: the simplest Shafi-Vilenkin model (Shafi Yilenkin 1984) in chaotic 
inflation for TR = 1012 

- 1013 GeY again in case of delayed thennalization; 
modified Starobinsky inflation (Starobinsky 1980) for TR = 109 GeY H1 = 10 11 

GeV, for the efficient thennalization and chaotic inflation in SUGRA 
(Nanopoulos, Olive, Srednicki 1983) TR > 109 GeY. 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 = A.(<j>4 + M4
) <j>< 0 

V = A.M8/(<j>4 + M4
) , <j> ~ 0 

At <j>>>M this is a chaotic inflation potential, at . <j><<M 1t IS a quintessence 
form, A.- 10.-14

• 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 thennalization were analyzed. We 
have found that in quintessential inflation forT R = 2.105 GeV H1 = 10 12 GeV there 
exist several realizations of the SFC baryogenesis model with succes ful 
production of the observed baryon asymmetry value, namely form= 350 GeV and 
a= 10-3 and the following range of models self-coupling parameters: A. 1 = 10-3 

-

5.10-2, A.2 = A3 = 10-4- 5.10-3. 

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 ofSCF 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 at. 20 19). 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 M0are needed for the 
formation of double black holes. We present examples of evolutionary models of massive 

binary systems with initial masses around 30 M0 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 fmd 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 ancVor black holes, the end 
products of stellar evolution in massive close binary systems. Initial masses of 

above - 30 M0 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 buming, 
shell hydrogen buming or after the onset of central helium buming, corresponding 
respectively to Case A, B and C of mass transfer. However, in case there is a mass 
transfer during the core hydrogen buming- Case A, mass transfer during the shell 
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hydrogen buming phase is called Case AB. Case ABB i 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 
pre ented 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). Well stein et al. (200 1) have shown that the init ial mass 
ratio in massive binaries should be near unity otherwise the ystem evolves into a 
contact, or in other words, the secondary star expands due to accretion and both 
tars fill their Roche lobes. Petrovic et al. (2005) have modeled progenitor 

evolution of observed Wolf Rayet + 0 binary system an they found that the mo t 
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 0-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 + 0 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 M0 and 32 + 28.8 M0, 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. 20 11 2013, 2015, 2018). Models with initial masses 30 + 27 M0 

and 32 + 28.8 M 0, both with initial orbital period of 3 days and initial mass ratio 
of0.9 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 L1 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. 1t 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 Sobennan 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 
Yink et al. (2001). 
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3. RESULTS AND DISCUSSION 

The modeled binaries start their evolution as detached ystem with an orbital 
period of3 days and evolve through three rna s 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 M0 and 32 + 28.8 M 0) fill 
their Roche lobe fu·st time during the core hydrogen btrrning pha e. 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 M0). 
The secondary stars accrete only 10% of the mass lost by the primarie and due to 
the high stellar wind mass loss they actually slightly decrease their initial masses. 
After the core hydrogen buming phase, the primary stars expand ma s transfer 
starts again and lasts until the primary stars ignite helium in their cores. Finally, 
after the core helium buming phase, there is one more expansion of the prima1y 
star that leads to Roche lobe overflow. 
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Figure 1: Mass transfer rate as a function of the primary mass in binruy systems 

30 + 27 M 0 (blue solid line) and 32 + 28.8 M 0 (orange dashed line), both with 
initial orbital period of 3 days and accretion efficiency of 10%. 
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Figure I shows the mass transfer rate in modeled ystem as a function of the 
primary mass. The first mass transfer (Case A) starts when the primary stars are 

28.8 and 30.5 Mo, slightly less massive than initially due to the stellar wind mass 

lo s. After Case A mass transfer, the primary ma se are 14.7 and 16.2 M 0 The 

corresponding secondary masses are 26.9 and 28.4 M0 When the core heli um 

burning phase starts, the primary mas es are 8.4 and 9.2 M0 and the econdary 

masses are 27.4 and 29 .0 M 0 
The mass transfer rate during Case A in both systems is in the order of 

magnitude of 1 O"" M d yr in its maximum. During the following mass transfer, it 
reaches a value one order of magnitude higher. The last peak on this p lot 
represents the beginning of the last mass transfer. At the same time an iron core i 
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. 
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Figure 2: Mass transfer rate as a function of the primary star central temperature 

in binary systems 30 + 27 M 0 (blue solid line) and 32 + 28.8 M 0 (orange dashed 
line), both with initial orbital period of3 days and accretion efficiency of 10%. 

Figure 2 also shows mass transfer rate, but as a ftmction 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 buming is 
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completed and it corresponds with a fast increa e of the central temperature 
accompanied by the fonnation of a carbon, oxygen ilicon and iron core in the 
primary stars in the modeled ystems. 
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Figure 3: Convective plot of the primary star in binary system 30 + 27 M 0 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 e 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 heliwn core is fonned at about 5.6 

million yeas and its mass is 8.14 M a the carbon-oxygen core is fonned at about 

6.2 million years with a mass of 5.41 M 0 
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Figure 4: Core masses as a function of central temperature for primary stars in 

binary systems 30 + 27 M 0 (thick lines) and 32 + 28.8 M 0 (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 0, 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, si licon 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 M0 are 8.87 and 6.04 M0 respectively. 
Both presented primary stars have a final carbon-oxygen core less massive than 

6.5 M0, 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 M0 and 32 + 28.8 M0 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 + 0 observed 
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binary systems by Petrovic at al. (2005) and evolutionary models by Wellstein et 
a!. (200 I). 

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

supemova and leave a neutron star as a relic (CO core mass < 6.5 M 0). If the 
binary system remains bound after this SN explosion (type lb/c), it will eventua lly 
be observable as a high-mass X-ray binary (HMXB). 

After some time, the secondary star expands enough to fill its Roche lobe and 
tarts transferring mass onto the neutron star. The sy tem may become 

dynamically unstable and enter the so-called common envelope (CE) phase. ln this 
phase, dynamical friction of a neutron star inside an envelope of a secondary tar 
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. 

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

masses of about 27 and 29 M0. Those masses indicate that the presented systems 
likely evo lve 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 Lmderstand physics and evolution of molecular clouds can be provided 
through analysis of the probability density ftmctions of mass density (p-pdf) and of column 
density (N-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 result 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 PL Ts are detected al o in N-pdfs derived from 
Herschel maps of a low-mass (Pipe) and high-mass (M 17) tar-forming regions. 

1. INTRODUCTION 

Stars are bom in molecular clouds (MCs), therefore the study of star fonnation 
requires understanding of the morphological and kinematical evolution of MCs. 
Initial stage of cloud fonnation is the compression of interstellar warm atomic gas 
by supersonic flows followed by rapid cool down due to non-linear thennal 
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 (clump , cores) or in tenn of indicators of 
general structure. 

An important indicator of general cloud structure is the probability distribution 
fi.mction (pdf) of mass density (p-pdf) and its analysis can give clues to understand 
the phy ics and evolution of the cloud. From observations, one could derive the 
pdf of column density (N-pdf), which tums out to be morphologically analogous 
to the p-pdf. In isothermal, non-gravitating fluids with well developed supersonic 
turbulence the p-pdf is mostly lognonnal (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: 

I I s - Smax 

[ ( )2] 
p(s) ds = V27ra2 exp -2 a ds, 

where s=log(p/p0) and s max are the logdensity (with nonnalization to the mean 
density p0) and its value at the distribution peak and a is the standard deviation. 
This result was confmned by nwnerous simulations. At advanced evolutionary 
stages, when self-gravity becomes important in the energy balance in the cloud, a 
power-law tail (PL T) with functional fonn 

p(s) = A exp(qs) = A(pj Po)q , S :2:: SPLT , 

emerges at the high-density end of the pdf, where A is a constant q is the power 
index and the deviation point (DP) SPLT from lognorrnality separates the two 
regimes (Klessen 2000, Kritsuk, Norman and Wagner 2011 Federrath and 
Klessen 20 13). The evolution of theN-pdf turns out to be morphologically simi lar 
(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. 
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Figure 1: N-pdf derived from a run of the S1LCC (Simulating the LifeCycle of 
molecular Clouds) simulations (Girichidis et al. 20 18). 

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 studie with high resolution (reaching down AU scales) hint 
at emergence of a second PLT at advanced evolutionary stages of tar-fonning 
clouds. For instance, Krit uk et al. (2011) found that the density distribution in 
self-gravitating clouds develops an extended PLT with a lope of about - 1.7 at 
high densities on top of the usual logn01mal. The tail departs from the initial 
lognormal distribution already at plp0 - I 0 and continues traight for nearly I 0 dex 
in p(s) and more than 6 dex in density. As the simulation progresses the slope 
continues to evolve slowly toward shallower value reaching q=-1.67 at the end 
of the simulation. An even shallower tail is detected at densities p'p0 2: I 07

. 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
isothennality; 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 x2 goodness)· (ii) Estimate 
the DP of the distribution from the lognormal fit (e.g. using the 3cr criterion where 
a 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 lognonnal 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 
asswnptions about the rest of the density distribution. 

Such approach was recently proposed by Veltchev et al. (2019; hereafter Vl9) 
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 < 105 

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 cutoffxmin : 
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where S(xJ 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; 2:: Xmin· The value of x; 
2:: 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 Xmin IS 

simply the lower limit of the data set (in our case, the minimallogdensity) - V 19 
extracted PLTs from numerical and observational PDFs in this way. Gradual 
increase of Xmin constrains the considered data set and, hence, the set of values 
IS(x;) - P(x;)l to obtain the KS statistic. In particular, such approach may help to 
detect a second PLT corresponding to higher !ogden ities, for some X min which 
exceeds the DP of the single (first) PL T. 
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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 IS(x)- P(x)l (see text). 

54 



DE SITY DISTRJB TIO I STAR-FORM I G CLO OS 

To illustrate this we construct an analytic PDF (Fig. 2, top) who e shape and 
parameters resemble the one obtained in the numerical study of Krit uk et al. 
(2011). The main part is lognonnal while the high-density one consists of two 
PLTs with deviation points DP 1 and DP2 and slopes q1 = - 1.5 (typical for evolved 
elf-gravitating clouds Girichidis et al. 20 14) and q2 =- I. 

An example of the function IS(x) - P(x)l for a large total number of bins (i.e. 
small bin size) is shown in Fig. 2, bottom. As expected the value of iS(x)- P(x)l is 
large in the range x < DP 1 which defmes 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 . A long as Xmin < DP 1 , the adapted BPLFrT 
will extract a single PLT with DP = DP 1 and lope q1 (Fig. 3). Choices of lower 
cutoffs Xmin DP 1 still yield a single PLT with gradually changing parameters. 
The second PLT with DP = DP2 will be detected at a cutoff with IS(xmin)-P(xmin)l 

IS(DP2)- P(DP2)1 (arrow and dotted line in Fig. 2, bottom) - then the procedure 
selects xi= DP2 (cf. Fig. 3) since with this choice the local maximwn at plp0 :::: 4 x 

I 04 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). 

55 



L.MARI KOYA eta/. 

In the next two Section we pre ent test of the uggested method to numerical 
and observational data. 

4. RESULTS FROM NUMERICAL DATA: DENSITY PDF 

We use data from a set of 6 hydrodynamical imulations 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 
ignificantly higher adaptive refinement (from 2563 up to 327683 cell ) - tlm the 

resolution can reach - 3 AU in high-density zone . The gas is i othermal (T= 10 K) 
and uniformly distributed at the initial point in time. The total mass in the box is 
chosen to be 85 and 426 M0 in the different nms which corresponds to 32 and 354 
Jeans masses (M1,0) . The initial turbulent velocities are constructed in Fourier 
space with a peak of tl1e power spectrum at k = 2, i.e. half of the box size. We 
distinguish between purely compressive, purely solenoidal and naturally mixed 
velocities (Federratl1 , Klessen and Schmidt 2008). 

The chosen HRIGT runs differ in total mass, realization of velocity field 
turbulent driving and duration in units of free-fall time tff. In general the runs witl1 
total mass of 354 M1,0 have been stopped at earlier points in time ( <1.5 tn). 
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 tl1e 
tlleoretical limit q- -1.5 for evolved self-gravitating clouds substantiated by 
Girichidis et al. (2014) . 
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Figure 4: Comparison between ilie slopes of ilie extracted first and second PLT 
from the HRlGT simulations: wiili 32 (open circles) and 354 (filled circles) Jeans 
masses. The corresponding final values from Kritsuk et al. (2011; dashed) and ilie 

limiting value from Girichidis et al. (20 14; dash-dotted) are plotted. 
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In regard to the second PLT, all HRIGT run yield imilar re ults, independent 
on the total mass in the box . The slopes are around -I (and even shallower) which 
confinns the result ofKritsuk eta!. (20 11 ) . 

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 )lin (see Schneider eta!. 20 I 0 2012 for 
details) and convolved to a common angular resolu tion of 36 arc sec. 

The PLT parameters of the first slope are consistent with the result from 
other numerical studies. On the other hand N-pdfs derived from observations of 
regions with star-forming activity display pronounced PL Ts of slopes -2 2': n 2': -4 
(Schneider eta!. 2013 2015a; Pokhrel eta!. 20 16), also in agreement with our 
results on the PLT evolution from the HRIGT nm . 

The slope n of theN-pdf should be related to q 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 Kless en 20 17 and the references 
therein). Plugging q- - 1.5 (G irichidis et a!. 2014) typical for advanced 
evo lutionary stages in the fonnula above we get slopes n2 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. 
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Figure 5: N-pdfw ith two PLTs from a Herschel map of the low-mass Galactic 
tar-forming region Pipe. Open circles denote bins which were excluded from 

consideration due to the poor statistics . 
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n1=-2.87 ± 0.05 
n2=- 1.97 ± 0.04 
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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-fonning 
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 isothennal medium) and on observational data from 
Herschel. Our conclusions are as follows: 

• The adapted BPLFIT method can be successfully extended to 
detect a second PLT. 

• 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, Nonnan and Wagner 2011). 

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

• 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 defmed as D=log N I 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 DM of the mass-size relationship log(M)cx:DM log(L) where 
the scales L are defined in an abstract way (Beattie et at. 2019). We propose a method to 
derive this mass dimension DM by use of the clump extraction technique DE DROGRAM 
(Rosolowsky et at. 2008). The method is applied to samples of dendrogran1 objects from 
integrated-intensity maps of 12CO and 13CO emissions and to dust-emission (Herschel) 
maps of the molecular cloud Rosette. The obtained scaling dependence of DM is in general 
agreement with the numerical study of Beattie et at. (2019) for typical Mach numbers in 
molecular clouds and hints at the multi fractal structure of Rosette. 

1. INTRODUCTION 

Observational studies of molecular clouds (MCs) in star-fanning 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 fonnation 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 fracta l 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. 

1n this report we present a method for derivation of fractal dimensions in MCs 
based on their dendrogram structure derived from integrated-intensity and 
colwnn-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 12C0/ 13CO maps (PPV cubes) taken with the 14m 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 Lad a 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 ).llll (see Schneider 
et al. 2010, 2012, for details) and convolved to a common angular resolution of36 
arc sec. 

The star-forming Rosette is appropriate as a test object because of its intensive 
investigation in the last decades. lts local structure have been studied using 
various algorithms and tracers (Williams et al. 1995; Schneider et al. 1998; Dent 
et al. 2009; DiFrancesco 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 T0 (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 11T max represents the minimal intensity difference 
between the level of a node and the levels of its both substructures (Fig. l ). We 
vary T0 and 11T max in order to select samples of dendrogram objects which: i) are 
rich enough; and ii) are free of objects associated with ' spikes' due to noise. The 
cho en To is different for different tracers in view of their various noise levels. 
Variation of 11T max controls the number of structures - decreasing the value of this 
parameter leads to extraction of more structures. 

We chose T0 = I for the 12CO map and T0 = 2 for the 13CO and dust map . The 
authors of the DENDROGRAM technique do not recommend values 11Tmax < 2 in 
order to avoid the noise ' spikes'. We opt for 11Tnwr. = 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: 

12CO: T0 = 1, 11Tmax = 2 (369 object ) 
• 

13CO : To= 2 11Tmax = 3 (2075 objects) 
• Dust: To= 2, 11T max = 1 (144 objects) 

Position 

Node 
(merge level) 

Figure 1: On the construction of the dendrogram tree from an integrated intensity 
map and the choice ofthe parameters To and 11Tmax (see text). Only bifurcations 

with /1T1> 11Tmax and /1T2> 11T max are identified as nodes; the first such node with 
T > To is identified as the root of the tree. 

4. APPROACH TO DERIVE MASS DIMENSION DM 

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 Dr = log N I 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 dimen ion D8 c, which measures the 
coverage of the hierarchical object by grids of decreasing box size. Such methods 
account rather for geometrical propertie and not for the physic behind the 
observed hierarchical structure properties of the objects. 

More reliable approaches to de cribe the fractal tructure of MCs are methods 
for derivation of the so-called mass-length dimension DM defmed as the power
law exponent of the mass-size relation M oc L 0 (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 defmed as increasing sizes of embedded boxes starting from a 
chosen peak (Fig. 2 left). 

a) b) 
... 

······ ... 

Figure 2: Comparison between two approaches to derive DM 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 DM 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 1 < L2 < ... < Ln where 
each L; is the effective size of a node in the chosen branch of the dendrogram tree 
(Fig. 2, right) and L11=Lmax is the effective size of the root (which depends on the 
choice of the input parameter T0) . The fractal dimension DM(L;) at given scale L; is 
calculated as the slope of power-law fit performed on the data set [(L;, M;);(0, m1)] 

where (0, m1) are the sizes and masses of all substructures included in the node (L;, 
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 M IN ROSETTE 

The results of our calculations from the 12C0/ 13CO maps are presented in Fig. 
3. The length cates 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 12CO map) and only the Rosette MC + the Monoceros ridge (on the 
13CO map). The curves D,~FDM(l/L) derived by BFK for Mach numbers 1 
(transition to transonic regime) and 20 (highly supersonic regime) are plotted for 
com pan son. 

a) 

2 
12 

CO, Tmax=2 

1.8 

::;: 
0 

1.6 

1.4 

Mach= 1 
Mach=20 

1.2 
0.2 0.4 0.6 0.8 

Scale (1/l) 

b) 
2 

13 0 C ' T max=3 

1.8 

::;: 
0 

1.6 

1.4 

Mach= 1 
Mach=20 

1 .2 l...!::::::========:=::<.-----'-------'____J 
0.2 0.4 0.6 0.8 

Scale 11/ll 

Figure 3: Scale dependence of DM in the star-fanning region Rosette as derived 
from: a) 12CO maps; b) 13CO maps. The largest scale (l=L) and the substructure 

which includes Rosette MC and the Monoceros ridge are shown with arrows. 

In genera l, the derived scaling dependence of DM from the 12C0/ 13CO maps 
(Fig. 3) is consistent with the numerical models of BFK in the scale range 1/L<O.S. 
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 comer of the maps in 
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Fig. 3. At small scales (//L<0.2) D,.,1 1.8 in broad agreement with the classical 
value DM-2 found by Larson (1981) for a large sample of MCs and their 
sub tructures. At larger scales the derived value of DM decrease quasi
monotonically in the 12CO case and with notable di continuities in the 13CO case. 
The general trend hints at multifractal cloud structure. The difference between the 
scale dependences of DM derived from the CO tracers can be attributed to the 
optical thickness of the 12CO emission at high densities (Draine 2011). Thus 12CO 
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 12CO sample compared to 13CO (Fig. 3). 

There are at least two possible explanations of the inconsi tency of our results 
at large scales (l/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 thi is an artifact of the 
DENDROGRAM technique itself and needs to be clarified in a forthcoming study. 

u.-----~----~----~------~----~--. 

13CO, liT max=3, Dust liT mox=1 · no ouler shell 

L• 

Figure 4: Scale dependence of DM in Rosette MC derived from Hershel maps 
compared with the results from 13CO maps. Structures in the main ridge of the 

cloud are shown with arrows. 

In Fig. 4 we compare the scale dependence of DM derived from the Hershel 
maps with the results from the 13CO 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 DM. The smallest dust structures yield fractal dimensions in 
agreement with the results from the 12C0/ 13CO samples while the di continuity of 
the scale dependence of DMis probably an effect of the sample size. 
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6. CONCLUSION 

We suggest a method toe timate the fractal dimensions Din molecular clouds 
by use of the mass-size relation M(L)~L -D where the power index D=DM is called 
mass-length dimension. In contrast to the imilar approach of Beattie et al. (20 19) 
the technique is not based on abstract scales but deal with amples 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 C2C0/ 13CO) and dust-emission tracers. The derived 
cale dependence of D M in Rosette MC is in general agreement with the nwnerical 

study of Beattie et al. (2019) for molecular cloud 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 12CO 
and 13CO-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 104-5 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 detennined by the interplay between gravity, magnetic fields and 
turbulent pressure. Stars fonn 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 MC with the bottom of hierarchy. 
The "classical" one (Blitz et al. 2007) suggest that the cloud boundaries fonn 
clearly distinguishable bottom level of the structure hierarchy. The alternat ive 
interpretation is that the hierarchical struchrre 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 ofthe 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 c lump-extraction algorithms CLUMPFIND (Williams et al. 1994; 
water-shed segmentation technique), GAUSSCLUMPS (Stutzki & Glisten 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). 

ln this report we present a continuation of our analysis of clump populations 
in the Rosette MC derived by use of GAUSSCLUMPS from 12C0/ 13CO 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-fonning 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. 201 0; Veltchev et al. 
20 18). In tllis 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-fom1ation further inside Rosette cloud, 
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other reveals that more mas ive den e cores form in this zone (Motte et al. 20 10). 
The adopted distance to Rosette MC is 1.33 kpc (Lombardi Alves & Lada 2011 ). 
We make use of 12C0/ 13CO PPV cubes taken with the 14 m telescope of Five 
College Radio Astronomy Observatory (FCRAO), pre ented and discussed by 
Heyer, William & Brunt (2006). The spectral resolutions are 0.127 km/ (' 2CO 
data) and 0.133 km/s (13CO data) and the angular re olution 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) . 

..... leafl leaf 2 

branch 

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 = "\' 1:·dx dydv L...t t • ' 

71 



0 . ST A CHEV eta/. 

where T; is the brightness temperature. Thu , clump lumino ity can be calculated 
as the integrated flux scaled by the square of the distance to the object: 

The AS TRODENDRO implementation of the DENDROGRAM technique uses three 
input parameters that detennines the hierarchy of extracted objects: the minimum 
value to be considered in the data set (min _value) the threshold value that 
detennines whether a leaf is a single entity or not (min_delta), and the minimal 
number of pixels for a leaf to be considered a 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 clwnp-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 chunp 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 12CO (left) and 13CO 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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F igure 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. (20 18) 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 % :5 w < 
90 % are defined as overlapping (type 0) 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 l. 

Total number of Total number of Associated Associated Number ratio 
Gaussian Dendrogram Gaussian Dendrogram ( E I 0 ) 
clumps clumps clumps clumps 

12CO 68 

13CQ 130 

102 

163 

18 

51 

17 

44 

0.8 

1.32 

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 
tructure and star formation have been investigated in numerous works. Many of 

these studie are dedicate on sca ling relations between ob ervab le quantities like 
velocity dispersion and mass. ln his seminal analysis Larson (1981) derives three 
empirica l properties of clouds and their substructures (clumps) in the Milky Way: 
1) a power-law relation between velocity di spersion and size of emitting medium: 
a-v ocR0

·
38

; 2) virialization of MCs: 2a-vR2/GM - 1; 3) a power-law eating relation 
of the mean cloud/clump density : n oc K .. 1. 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 NH3, CS and 
HCN (Dame et al. 1986; Heyer et al. 2001 , 2009) . Many of those studies revea l 
power-law scaling relation of the velocity dispersion with index ranging from 0.25 
to 0.75 indicating self-gravitating cloud fragments in virial equi libriwn. 

Fig. 3 shows the size vs. mass relations for dendrogram leave (empty circles) 
from the 12CO and 13CO map, plotted for comparison with the Gaussian clumps 
(filled cirlcles) analyzed by Veltchev et al. (20 18). The dendrogram samples were 
obtained setting the input parameters min_value = min_delta = 2a: The sizes of 
the dendrogram objects were calculated adopting defrnition of cloud radius by 
Solomon et a!. ( 1987): 

R ~ 1.91 a,. 

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 clwnps is 
calculated as follows: 

M . = 5FWHMv R 
v1r 2G , 

where the FWHMu is calculated as: 

F W HMv = 2·./2 ln2 a~+ ( 2~) 
2 

where the second tenn under the square root represents the velocity resolution 
term with~ v being the velocity cha1111el width ( 1.127 km/s for 12CO data and 0.13 
kmls for 13CO data). 

The masses of dendrogram objects in 12CO 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 13CO 
emission, the dendrogram objects represent cloud fragments in their real complex 
shapes. The same holds even more for 12CO 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 mas 
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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. 

12co c l um.ps 
0.4 r--~---~-~-,---,-----, 

Dendrogram leaves 
0.2 

" "E 
.!< - 0 . 2 

;;_;. - 0.4 

~ -··· 
~ -0.8 

g -1 
.... 

- 1.2 

0 

0 

C.usaian clwa~s • 
Slope o...,w.0 ,J'._ 1..-..... • O.J:l ! ~ - 0 4 -

13co Clumps 
0.4 .----r---~-----------, 

Dondrogr:•m lcuwo• c. 
0.2 Slope DUCOftMI l"Y.~a~S~~:~ ~~::'s; -'-

-I 

-1.2 

-1.~0.8 - 0.6 - 0.4 - 0.2 0 . 2 0.4 0 .6 -l.~OL.8:----:_0~ .• ::----:_0:'-.4:----:_0:'-.2::----:---0:-.:-2 --:'0.4 

log10 (Si ze) [ pc) log10 (Si ze) [ pcJ 

Figure 4: Size vs. linewidth relations for the dendrogram leaves (empty circles) 
and the Gaussian clumps (filled circles) from Yeltchev et al. (20 18). 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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size - mass relation 

size- line width relation 

All dendrogram objects 

12CO 

13CO • 

Dendrogram leaves Associated Dendrogram leaves 

Figure 5: Summary on the derived indexes of scaling relations for clwnp 
populations extracted from the 12CO and 13CO maps. 

6. CONCLUSION 

We performed a comparative analysis of the derived properties of clump 
populations extracted from maps of 12CO and 13CO emission in the Rosette 
molecular c loud. Adopting the alternative extraction techniques GAUSSCLUMPS 
(clwnps are considered as an ensemble of independent objects) and D ENDROGRAM 

(clwnps are considered as a hierarchy of embedded structures), we study the local 
cloud morphology, derive some basic physical characteristics of clwnps 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 12CO populations differs from that of the 13CO 
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 12CO population. 

This study could be extended including the Monoceros Ridge region where 
the stellar feedback effects must be taken into account. 
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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 tota l solar eclipses. A new experiment for 
registering the shadow bands realized during the las t total solar eclipse (20 19 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 a!. I 999) but the first 
hypothe es that successfully explain their formation date back from the late XX 
century. Previously, XlXth-century observers assmned that shadow bands were 
some sort of diffraction phenomenon because their linear patterns roughly 
resemble optical interference fringes . More exotic explanations have been 

79 



R. ZLATEV eta/. 

propo ed in 1924 (Hastings, 1924). They suggest that the bands were overlapping 
pinhole images of the Sun fonned by vents in the upper atmo phere. More 
recently A. L. Stanford has proposed a Lloyd's mirror effect, where direct rays 
fi·om the uneclipsed solar crescent interfere with those reflected from clouds 
(Stanford, 1973). 

But by far the simplest and most satisfactory explanation wa the one 
published in the late 1980's by Codona ( 1986). It states that the hadow bands are 
diffraction effects caused by turbulence in the Earth's atmosphere when the light 
from narrow lit-like source pas es through (Fig . 1). The roughly linear patterns 
moving across the ground with typical speed 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 easi ly 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 nowaday despite the 
development of technology, registration of the bands by photo or video detectors 
remains an uneasy task. 

Figure 1: Formation and propagation of shadow bands. 

Our team is experienced in shadow bands observations with 4 successfu l 
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 ob erved the 2017 August 21 TSE from the northwestern part of the 
USA - the state of Oregon. We chose an ob ervational spot (44°42'11.6"N 
120°4 7'52.2"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-SRSS 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 7III 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 perfonned an 
experiment dedicated to registration of shadow bands and wind properties. lts 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 infonnation 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 fmd 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 ftxed 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 wind 
1.01 2.27 1.59 speed [m s- 1

] 

Shadow bands 
1.35 1.75 1.37 

frequency fHz 1 
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It is obvious that the near ground wind during 2019 TSE were stronger than 
these two years earlier, but it is also noticeable that the wind speed rapidly 
change 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 peed 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 infonnation about the wind speed and direction during the 
observations of shadow bands (not only the average value) gives the wind rose 
diagram (Fig. 3). lt 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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Figure3: Wind rose diagram showing the direction of propagation and the speed 
of the wind detected in the periods of visibility of the shadow band during 2019 

TSE before (left panel) and after (right panel) the totality. 

Two still frames from the perfonned 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 pattem. We 
find a link between the average near ground wind speed and the frequency of the 
bands. This relation is also confmned 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 band . 
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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 fme 
strucnrres 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 perntrbation 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 an1plitude and group velocity. Such a so lution 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 
whi le near the Equator magnetic field modifies the solution within the E and F layer. This 
very genera l description of the ionosphere provides the conclus ion that the unperntrbed 
layer thickness carmot be taken as an ad hoc assumption, it is rather a consequence of the 
equilibrium property. 

1. INTRODUCTION 

Solitons are solu tion of nonlinear equations in general. There are one 
dimensional solitons (ocean surface gravity waves spiral density waves) and two
dimensional so li tons (vortex, hurricane). They are stationary solutions as a balance 
between non linearity 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 in tegrable nonlinear equation. D ispersive properties are 
consequence of the frequency dependence on the wave munber, 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. l. 
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Figure 1: Dispersive one-dimensional ocean surface wave. 

Under certain circumstances this disper ion is balanced by the nonlinear 
effects and that circumstances are defined by equilibrium values. 1f the soliton is 
possible to be created than these equilibrium parameters could be used to derive 
the size and amplitude of the structure. 

ln 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 tenn will 
be responsible for the solitary vortex creation (Vukcevic & Popovic 2020; 
Vukcevic, 20 19). 

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 Jan 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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jl 

e; North 

e; East 

e; distance from the Earth -- / 

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 di tance of the 
horizontal plane from the Earth 's surface. 

Earth's angular velocity has the following components: Q=O(O,v'l- b2 bO), 
where the Equator is defmed by b=O, while the pole is defmed by b=l. 
Geomagnetic field is assumed to be magnetic dipole with components: 
Bo=Bo(O,v'l - b2,-2bBo). 

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 

a 2 1 , a 2 
- 0.2uf - (8f/J - AV t/J) -- 8 - t/J +A(Vt!JxV) ay 2 ay • 

with relevant frequencies 

( enBo) f =fR+ fH =2b Q+ - p- [vx , Vy, O)] 
2enbBo [ 2 2 ] - - p- 5(1- b )vx, (1 - 2b )vy, 0) 

(2) 

Normalization of the variables are done by 2!1+H where H=enBo/p. Here n is 
number of ionized particles while p is density of neutral gas. 

Solution of the nonlinear equation has a form 
2A. 

¢ = -; P(R), (3) 
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where R=v'Ar is dimen ionles radius of the tructure in the moving frame and F 
is the solution of following equation (Zakharov, Kuznetsov; 1974) 

Parameters 

A. (x ) = - B - _Q , I ( u') 
A u 

v(x) = - A. A' + _Q_ , I ( rr") 
2u u 

are defmed 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 nonnalization factor is not symmetric, solution is 

(
3 

F =cosh 4R(1 

(4) 

(5) 

(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 (2 020). 

88 



SOLITO S I. THE 10 OSPHERE - ADVA TAGES A D PRESPECTIVES 

5 

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=n. 

Ionosphere E layer. This layer is located 100-150 km from the Earth's 
urface 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 ca e, 
soliton velocity is defrned by f = 2(Q +H) at the pole and for latitudes close to the 
pole. Since the value H has the opposite sign to n , the cancelation of the vortex 
structure is possible when these two tenns 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 
defrned by R and, consequently, by soliton velocity u, which for this case is 
defrned by 2(Q +H); one expects the size to increa e 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 n , and even more, the soliton is not symmetric but rather 
extended along they axes, since f =f{x,y). 

Ionosphere F layer. The ionospheric F layer is for heights 150-400km from 
the Earth's surface. 1n 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)=fH. 

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 summmized all 
possible soliton structure fonnations at different latitudes, as well as at different 
ionospheric layers. TI1e soliton size and velocity are constant but defrned 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. TI1is 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 fmd out the correlation between soliton structure dynaJnics 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° , 12°/23° E) at the end of May 
2009 was analyzed. Surveying was carried out by integration of atellite and ground-based 
observations. Very Low Frequency (VLF) signals (3-30kHz) recorded by Absolute Phase 
and Amplitude Logger station in Belgrade (44.85° , 20.38° E), video recordings of sprite 
events from IT ALlAN METEOR and TLE ETWORK 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, thunderstonn 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 eta!. 2014), to climatological studies (Cliverd eta!. 2017, Romps et 
a!. 2014, Finney eta!. 20 18). Physical processes involved in thunderstonn 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 20 14 (Stadtherr et al. 2016, Abolmasov et al. 2017, Djuric et al. 
2017, Suto et al. 2016) and heat and cold wave in 2017 (Kew et al. 2019 
Anagnostopoulou et al., 20 17) suggest that soon in future , extreme weather could 
become habitual feature over these territories too. 

Extreme weather monitoring over Balkan , is still rare and poradic and not 
much i known about electrical properties of such inten e tonn y tern (Kotarski 
2019, Kotarski 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 tenns 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.ewnetsat.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 (3-30kHz) 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 27th- 28th 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 27th to 3 o'clock a.m. on 28th 
of May 2009. During this stonny night, the core of the storm activity that occured 
and stmted 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, stonu 
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 fraJnes 
from satellite graphic material , with storm activity rounded in pink are given in 
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Fig I. Generalised movement and enlarged po ition of the stonn ystem's core 
with legend of colours used are given in Figs . 2 and 3, respectively. 

Figure 1: EUMETSA T weather satellite data registrations over Central and 
Southeast Europe during the stormy ni ght 27th- 28th of May 2009 

first and last hourly frames. 

Figure 2: Generalized movement of the stom1 system's core as registered by 
EUMETSAT weather satellite over Balkans from 9 o'clock p.m. on 27 th to 3 

o'clock a.m. on 281h of May 2009 during the stormy night of May 27-28, 2009. 
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a) 

Moy2J, 2009; 21 OOUT 
May '2J, 2009; 2200UT 
May 21, 2009; 23:00UT 
May 2e, 2009; OOOOUT 
May2e, 2009; 01 OOUT 
May 2e, 2009; 02:00UT 
May 2e, 2009; 03:00UT 

b) 

Figure 3: a) Generalized position and movement of the storm system's core 
as registered by EUMETSA T weather satellite over Balkans during the tonny 

night 2ih- 281h 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-c loud (lC) 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 stroke reported, and among them those with 
negative polarity and with relatively sma ll 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. 
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Figure 4: Peak currents distribution with peak currents from 160 kA (-CG) to 
247 kA (+CG), 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 1MTN network within 6 hours of intense stonn activity, several dozens 
of TLE events were reported and optically docwnented 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 27th and 02:18:55.0 UT on 28th 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 2ih -
28th 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 lMTN 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 27th - 28th of May, 2009. 

Figure 8: IT ALlAN 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 path of VLF signals, emitted from 
different directions towards Belgrade AbsPAI receiver from transmitters located in 
different parts of the world were analyzed. This data set was used as basic dataset. 
lt is important to noti ce that Belgrade AbsPAI receiving system operates in stab le 
mode from 2004 with ftrst record made at the end of 2003. System contains 6 
channel with 5 dedicated for VLF signals receiving and I reserved for system's 
time synchronization with GPS satellites . During the tormy night 2th - 281

h of 
May, 2009, these 5 signal 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 Gennany with code name DHO emitted on 
frequency 23.4 kHz and signal from France with code name FT A emitted on 
frequency 20.9 kHz. Characteristics of VLF signal transmitters are given in Table 
l.Tbree 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 Gennany -
DH0/23.4 kHz, with GCP distance of about 1.3 Mm has over-land path . 

Table 1: List of VLF transmitters 
VLF signal code ~ransmiuer location Emitted per 

nd frequency flO'"·er ~istmlre 
AA/24.0 kHz Maine, USA 44.63 N· 67.28 W) 1000 kW 6547 km 

.QD/22. 1 kHz ~elton, UK (54.72 N; 2.88 W) SOOkW 1982 km 
[NWC/19.8 kHz H. E. Hoi~ Australia(27.2 S; 114.98 E) IOOOkW I 1975 km 
DH0/23.4 kHz Rhauderfehn, German\· (53.08 N; 7.62 E) 800kW 1301 km 
'TA/20.9 kHz Sai nte·Assise. France (48.54 N; 2.58 E) 400kW 1413km 

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 271h- 28th of May, 2009. 

Integrated analyzed data from all ground-based sources during this particular 
night, over area of interest are given in Fig. I 0. 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' FOY is presented with thin dashed black line. 
Area enclosing all TLEs optically documented by lMT network is presented 
with white dash-dotted somewhat thicker line. Analyzed VLF ignals coming 
from left, pass over region that was hit by the storm activity reported by 
EUMETSA T. 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. 

10 H 12 

UD or1c 
21·21. 2001: 

21:41 :11 ·02:11:55 UT 
• CCendiC 

• 

• 

13 u 15 16 11,o 18 19 20 21 22 23 
lo de \ ) 

Figure 10: Integrated data from ground-based observations on night 27th - 28th 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 lMTN 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 AN D DISCUSSION 

Lower Ionosphere as the lowest ionospheric region, extends in height from 50 
to 90 km in altitude range overlapping wi th atmospheric regions of mesosphere 
and lower thennosphere. Earth-Ionosphere waveguide i limited with Earth' 
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 Ionosphere, nowadays is widely used remote sensi ng technique. VLF radio 
signals, globally propagating through Earth-Ionosphere 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 lightn.ing activity, as one of the agents of 
terreshial 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 ofVLF 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 2 0 l 7 and references therein). 

In conducted analysis, focus was on ion.ization 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-Ionosphere waveguide, within lmin time intervals, during May 2009 are 
given in Fig. 11. On the left panel, the example of unperturbed propagation 
conditions on 2"d of May is given. The typical example of perturbed propagation 
conditions with isolated VLF perturbation from n.ight 2ih- 28th 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 2ih - 28th of May is given on right panel. The effects of 
induced ionization changes have been observed along different propagation paths 
during the entire night 271h -281h 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 c) 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 lMTN 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 
sprite: 22:06:12.9-13.0 UT 

n =~ 
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27 May 2009, perturbed conditions 

~ m 71.61 I sprite: 22:46:40.6 UT 
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Figure 12: Perturbed propagation conditions on analyzed VLF signals recorded 
in Belgrade during the night 27th - 28th of May 2009; typical examples of VLF 

perturbations as denoted by red arrows. 
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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 

LMTN 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. Swnrnaries that can be applied to all 81 
cases analyzed, that were related to optically documented TLEs, are as follows: 

- VLF pertmbations 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 pertmbation 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 pertmbations 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 captmed by IMTN camera, 
or that VLF pertmbation might not is caused by sprite. 
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4. CONCLUSIONS 

During the same stonn activity which may include a number of strokes m 
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 prite 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 c) 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 2ih 
-281

h of May, 2009, intense stonn 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 stonn 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 
(SEG) 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 geophy ics of the olar 
system bodies" and "Integrations of satellite and ground-ba ed observations and multi
disciplinarity in research and prediction of different types of hazards in Solar sy tern" that 
occurred in 2018 and 2019, respectively, and the Europlanet session during Xll Serbian-
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Bulgarian A tronomical Conference that occurred in Sokobanja 2020. In addition, we pre
ent other activities that were primarily aimed at connecting SEG member coming from 
ix in titution as well as the promotion of the Europlanet and ESEEH organization . 

I. 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 Infra tructure (Rl)) 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 Janua1y 
2024. The latest is led by the University of Kent, UK, and has 53 beneficiary insti
tutions from 2 1 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 serv ices and tools, a ground-based observa
tional network and progrrumne of community support activities. 

The Europlanet consists of IO Regional Hubs: 
• Benelux 
• Central Europe: Austria, Czech Republic Hungary Poland Slovenia and 

Slovakia 

• 
• 
• 
• 
• 
• 
• 
• 

Frru1ce 
Gennany 
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 
Spain and Portugal 
Switzerland 

As one can see, Serbia is one of, current six countries included in the South-
east European Hub that is established in 20I9. 

More infonnation about organization and activities of tllis 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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http ://www.europlanet-society.org/europlanet-society/regional-hubs/southeast
europe/. 

The main activities of Serbian scientists in the Europlanet were: 
• Organization of two Europlanet meeting and one e sion 
• Establishing ofSEG webpage, 
• Participations in the Europlanet science congresses and meetings 
• Participations in the Europlanet NA1 Expert Exchange Program and 
• Participations in the Europlanet commities . 
ln 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: 

• "Geology and geophysics of the solar system bodies" (24 June- 1 July, 
2018) and 

• "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, 20 19), 

and Europlanet session during the Xll Serbian-Bulgarian Astronomical 
Conference (Xll 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 participant came from as far as India, Australia, 
and USA. The scientific organizers of the workshop were Dr. Katarina Miljkovic 
(Curtin University, Australia) Dr. Ana Cemok (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). 1n 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 wa supported by the Europlanet 
2020 RI NA1 (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-ba ed ob
servations and multidi sciplinarity in research and prediction of different types of 
hazards in the Solar system. The main of this meeting wa connection of young 
researchers and scientists from under-represented countries and experts in corre
sponding scientific field s. 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 Radovanovic from Serbia and Giovanni 
Nico from Italy. In this committee participated 11 scientists from 9 countrie . Ale
k:sandra Nina and Milan Radovanovic were co-chairs, and Gorica Stanojevic Vla
dimir Cadez, Dejan Doljak, Vladimir Sreckovic 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 Rl NA 1 - Innovation through Science Networking, Task 2: Scientific work
ing groups (Europlanet 2020 Rl 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 infonnation about this event can be found at 
http: //www.gi.sanu.ac.rs/site/ index.php/enlactivities/conferences-organisation/998-
hazards-sos. 

3.3. Europlanet session organised by SEG 

Serbian scientists organized a Europlanet 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 Congre es (EPSC). 
The number of pa1ticipants from Serbia is increa ing. 7 cientist from Serbia par
ticipated in the EPSC-2020 and presented 3 lecture . 

Figure 1: Pa1ticipants ofthe 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 Vuj icic). From left to right: 

Upper row: Konstantinos Kourtidis (Greece) Pal Gabor Yizi (Hungmy), Jelena 
Petrovic (Serbia), Andelka Kovacevic (Serbia), DuSko Borka (Serbia), Gorica 

Stanojevic (Serbia), Zorica Marinkovic (Serbia), Bratislav Marinkovic (Serbia) 
and Dejan Doljak (Serbia); 

Middle row: Georgi Simeonov (Bulgaria), lnna Pulinets (Russia), Bozhidar 
Srebrov (Bu lgaria), Dejan Yinkovic (Croatia), Yaroslav Yyklyuk (Ukraine), Pier 
Francesco Biagi (Ita ly), Aleksandra Kolarski (Serbia), Lelica Popovic (Serbia) 

Nikola Veselinovic (Serbia) and Zoran Mijic (Serbia) ; 
Bottom row: Predrag Jovanovic (Serbia), Vesna Borka Jovanovic (Serbia) Sergey 
Pulinets (Russia), Milan Radovanovic (Serbia), Aleksandra Nina (Serbia), Vladi
mir Sreckovic (Serbia), Giovanni Nico (Italy), Milan S. Dimitrijevic (Serbia), Lu
ka C. Popovic (Serbia), Natasa Todorovic (Serbia) Slavica Malinovic-Milicevic 

(Serbia) and Dragoljub Strbac (Serbia). 
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3.5. Participations in the Regional Hubs Meetings 

On the 41
h and 51

h June 2019 in Hotel Gellert Budapest the Regional Hubs 
Meeting wa organized by Melinda D6sa 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 wa given on the 
Role of the hubs in the Europlanet Society and building a sustainable future from 
Europlanet 2020 Rl. 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 defmition. 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 NAl Expert Exchange Program 

Supported through the Europlanet NAI Expert Exchange Program, Dr. Alena 
Zdravkovic, curator of the Mineral and Rock Collection of the Faculty of Mining 
and Geology in Belgrade, Serbia, visited The Open Univer ity 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 (0 1. Lancon, 02. Bath, 03. Powder Mill Creek, 
04.Morrisyown Hamblen 05. Merceditas and 06 . Hex River, with nwnbers repre
senting a banding nwnber 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 cbondrite 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. lt 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 teleconference 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 dtr caused by the resonance on the 
mobility of an asteroid with the Yarkovsky drift speed. We derived a functiona l 
relation that accurately describes dependence between the average time lead/lag 
dtr, the strength of the resonance SR, and the semimajor axis drift speed daldt 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 dtr 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 [ 1.3x 10-8

, 2.2x 1 0-4], for Yarkovsky drift speeds in the range [2.6x 10 , 
2x l0-3

) au/Myr and for asteroids' orbital eccentricities in the range (0.1 , 0.2) 
(Milic 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 
low 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 I o-5 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 
re ults, it is concluded that the boundary value of the Yarkovsky drift speed IS 

7x 10-5 au/Myr (Milic 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 liD) plane. Following the recently defmed 'limiting' 
value of the Yarkovsky drift speed at 7x I o-5 au/Myr, we decided to investigate the 
relation between the asteroid family Yarkovsky V-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 wa 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 l iD plane. This result uncovers a novel intere ting property of asteroid 
families' Yarkovsky V-shapes (Milic 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 infonnation 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. lgnjatovic et al. 2019 
Sreckovic et al. 2020, Majlinger et al. 2020, Dimitrijevic et al. 2020) as well as in 
database MolD http: //servo.aob.rs/mold (Marinkovic et al. 2019) hosted on SerVO 
atAOB. 

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 (OCR) flux reaching Earth (anti
correlation). Coronal mass ejections (CMEs) structure and shockwave can addi
tionally modulate OCRs, which could results in a transient decrease in observed 
OCR intensity, known as Forbush decrease (FD). These FDs can be detected even 
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with ground muon detector (Sa vic et al. 20 19). Variation of OCR 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 OCR and sev
eral different one-hour averaged particle fluxes wa found during FDs and it de
pend on energy of the particle of the solar wind a well as cut-off rigidities of 
secondary cosmic rays detectors on ground. 

4.1.6. Habitability of exoplanets 

Balbi Hami and Kovacevic (2020) present a new investigation of the habita
bility of the Milky Way bulge, that expands previou tudies 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. TI1e 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 lithopanspennia 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 concem for habitability is the presence of the supennassive 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 Wislocka Kovacevic, Balbi (20 19). 

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 AGNs. ln 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 < 0.5 of the Sloan Digital Sky 
Survey database. 

lt 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 there
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 ection 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 rep01ted 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 analy is 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 signa l 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 platfonn of many active satellites. In Radovic (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 Radovi6 (2020) 
it is demonstrated how neglecting the ionospheric disturbances that can occur dur
ing the satell ite 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 aeroso l plays one of the most important roles in climate changes 
and environmental issues through direct (scattering and ab orption of solar and 
terre trial radiation) and indirect (modification of cloud conden ation nuclei 
through aerosol-cloud interaction) effects . In Mijic and Perisic (20 19) study the 
relationship between satellite aerosol 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 ma s concentration . 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-Aeolus mission (the first high-spectral reso
lution lidar in space) CaVVal activity through validation of L2A products of aero-
ol 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 fmd coincidence and possible 
relationship between phenomena of VLF signal perturbations, optically 
documented Transient Luminous Events (TLEs) and documented lightning stroke 
events during the stonny night of 27th-28th of May, 2009. The survey enclosed 
data from three independent sources: I) 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 band VLF perturbations and TLE events, was found . In 
some cases the correspondence between all three phenomena was found (Kotarski 
20I9, 2020). 
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4.3. Physics 

4.3.1. Y. Celebonovic ha 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 Marinkovic et al. (2017) . Data needs for modelling electron proces es in 
cometary coma and their influence on the interpretation of the observed data by 
Rosetta instrwnents 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. 20 19). 

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 hw1icanes 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 refmement 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 F 10.7 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 ofhurricanes (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 Westem Europe at the same time remained unknown. Taking into ac
count consequences, including loss of human lives and endangennent 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 bW11ing 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 i.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 meteorologica l elements including time lag at Monte 
Real stat ion. TI1e application of the Adaptive euro 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 thi hypothesis requires further laboratory te ting (Radovanovic 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 Xll Serbian-Bulgarian Astronomical 
Conference that occurred in Sokobanja 2020. In addition, we present other activi
ties that were primarily aimed at connecting SEG members corning from six insti
tutions as well as the promotion of the Europlanet and ESEEH organizations. Sev
era l studies relevant for the Europlanet research fiel ds are presented in the second 
part of this paper. 
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Abstract. Milutin Milankovic 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 
fOLmdations of modern climatology, where celestial mechanics was the fo Lmdation upon 
which Milankovic based his theory of climate change. 

Under the guidance of Vojislav Miskovic, director of the Astronomical Observatory, 
mathematicians Stanimir Fempl and Dragoslav Mitrinovic performed the lengthy and very 
comprehensive calculations. At the University of Belgrade in 1932 their scienti fic 
endeavor was completed. This work involved a multidisciplinary approach. Mathematician 
Mihailo Petrovic 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 Milankovic in 1932 and 1933, prompted by earlier suggestions of Alfred 
Wegener (1880- 1930). Milutin Milankovic published papers on the subject of 
Mathematical Climatology in significant cientific publications, such as the Handbook of 
Climatology and Gutenberg's Handbook of Geophysics. However, his works were not 
easi ly acces ible to the interested scientists because few of the libraries had all the vo lumes 
of these Handbooks and other journals. The idea of creating his Kanan was presented at a 
meeting of the Academy of atural Sciences in Belgrade in 1938. Mathematician Tatomir 
Andjelic did a tremendous an1ount of work during the preparation of MilankoviC's Kanan. 
Kanan was published in 1941 in Belgrade. 

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

123 



. JA Cet al. 

1. INTRODUCTION 

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

A great deal of work regarding the scientific research of Milutin Milankovic 
has been done at the Astronomical Observatory in Belgrade. Ba ed on the work of 
the French astronomer Le Verrier ( 1811- 1877), the calculation 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 Yojislav Miskovic (1892-1976), director of the 
Astronomical Observatory, mathematicians Stanimir Fempl (1903-1985) then an 
assistant, and Dragoslav Mitri.novic (1908-1995), then a student perfonned the 
lengthy and ve1y comprehensive calculations using mechanical calculator (Jane et 
al. 20 19) (Fig. 1 ). Their scientific endeavor was completed. It consisted offorming 

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

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

"TI1is year a new scientific endeavor was completed at the University of 
Belgrade this year with the cooperation of mathematicians and astronome1 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 urface 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. Milankovic took it without hesitation. Assisted by Mr. V. 
V. Miskovic , 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." 
(Petrovic 1932). 

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

"For the purpose of scientific research, Professor M. Milankovic 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 tllis. 
Stanimir Fempl, then a w1iversity teaching assistant, and I then a student, 
independently of one another had to perform the proposed calculations." 
(Mitrinovic 1968). 

In his work Milankovic 's Contribution to the Astronomical Themy of lee Ages 
(1979), Stanimir Fempl, professor of mathematics at the Faculty of Civil 
Engineering in Belgrade, writes that Milankovic initially used Stockwell's results, 
but later used results of Miskovic. "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 
Mitrinovic and Stanimir Fempl. The calculations lasted for almost three years. 
Miskovic also detennined the degree of accuracy with which the calculations were 
performed" (Fempl 1979). 
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In 1930, Miskovic initiated and edited the Yearbook, which, from the 
following year, was renamed the Yearbook of Our Sky. The ame year the second 
edition of the Annuaire de l'Observatoire astronomique de l'Universite de 
Belgrade wa published. On this occasion Milankovic sent his congratulations to 
Mi vkovic in a letter dated November 24, 1930. Milankovic also wrote that be 
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 Niichte der Polarzonen) (Jane 
eta!. 2018). He asked Miskovic to prepare some more tables for him which be 
marked on a separate piece of paper; unfortunately, that paper was not preserved 
(Jane eta!. 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 (Jane eta!. 2018). 

The problem of the shape of the Earth and the position of the Earth's poles 
began to be addressed by Milankovic in 1932 and 1933, following the earlier 
suggestions of Alfred Wegener (Andjelic 1979). Milutin Milankovic 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 joumals (Milankovic 1952). So, he decided to 
publish all his papers on the paleoclimatic problem in a separate book (Milankovic 
1952). This is how the idea of creating the Kanan was bom. 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 Gennan, so that it would be accessible also to 
foreign scientists (Milankovic 1952). 

Tatomir Andjelic (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 
Kanan (Trifunovic 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 tumed out that in the future, in forty thousand years, the 
amount of heat emitted by the sw1 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 Milankovic left room for future associates on Kanan . 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 (Trifunovic 1979). Given that Milankovic 
mentions the Mathematical Institute, the list of topics must have emerged after the 
year 1946 (Trifunov ic 1979). Some of the topics: 

For the Mathematical Institute 
A model of secu lar 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 calcu lating the secular course of in olation of the Earth over the past 

50,000 years and as many future years 
Insolation curve based on the theory from Chapter XVIII of the Kanan 
For Ph.D. candidates 
The exact ca lculation of the coefficient m 
Calculation of the annual insolation of the parallels co = co (t); see "TI1eorie 

mathematique." From here, heat parameters are calculated ... from the equation co 
(t ) =co (t + T I 2). 

The theory of meteors passing through the Earth's atmosphere 
Calculation of the coefficients b0, b , b , b of Table VI ("Kanon", p. 312) 

using the method reported on p. 3I3-3I5 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" ifM and 

therefore ll are considered to be variable (linear) 
The list indicates that Milankovic himself saw the need for certain topics in 

the Kanan to be processed in a modern way, given the new scientific data and 
numerical methods using modern computers (Trifunovic, I979). 

4. CONCLUSION 

The Kanan of Mi lu tin 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 Petrovic Alas ( 1932). People from everal disciplines were 
involved in various phases, both in terms of professional education and academic 
title, from students to PhD scientists and academic . 

This paper precisely emphasizes this aspect of cooperation which, as 
Trifi.movic (2007) writes was the ftr t case of teamwork in Serbian science, which 
helped to complete the exceptional work of Milutin Milankovic. 
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Abstract. Didactic poem, Phaenomena writen by Aratus of Soli, Catasterismi 
(KaTncnEpta!loi) 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 (1\pawc; 6 
I:oA.ruc;; c. 315/310 BC- 240 BC) is the oldest preserved astronomical text in 
Europe, created about 270 BC. The macedonian king, Antigonus 11 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 transfonned 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 
ofEudoxus. 

The similar description of mythical origin of constellations is Catasterismi 
(Ka·rameptcrJloi) the only surviving scripture associated before with Eratosthenes 
of Cyrene (Epa·rocr8£v11c; 6 KupT]vaioc; - c. 276 - c. 194 BC), the chief librarian at 
the Library of Alexandria, whose works were burnt down when it is bumed 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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de cribed con tellation so that repre ent a kind of the frrst preserved star 
catalogue of ancient Greece. 

The third book with the similar content i 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. ln this contribution we con ider and di cu these three writings. 

2. ARATUS OF SOLI AND HI SPHAENOMENA 

Aratus is born in Cilicia (today in southeast of Turkey) in the Ionian colony 
of Soli, about 315 BC. He was a student ofMenecrates from Ephesu and Philitas 
from Cos. He was in contact with the stoic philosopher Zeno from Athens, who 
probably recommended him to the Macedonian king Antigonus 11 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 fmanced the famous work of 
Aratus Phaenomena . created around 270 BC. Aratu 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 hurried in 
Soli. Recently, are discovered rests ofhis monumental grave. 

Figure 1: Aratus of Soli , the marble sculpture in the Archaeological museum 
of aples. 
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Aratu ' didactic poem Phaenomena i ba ed on the astronomical text with the 
same name of astronomer and mathematician Eudoxu from Cnidu (c 390 - c 
337). 

Eudoxus, a student of Plato, left us the first systematic description of the 
constellations, established the first sophi sticated geometric model of the motion of 
cele tial bodies and significantly improved observational astronomy. He studied 
mathematics with Architas of Tarentum and after hi stay in Asia Minor in Czicus 
he came to Athens where he joined Plato's Academy. He later returned to his 
nat ive 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 unifonn 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 axi 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 
peed as well as their brightness since they are always at the same di stance 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 astra-

Apaili U3 Cona 

llO]ABE (<Pe1LOJlleffU) 

1fpt-.'()lli·pll~tlo 
Ammm~ &jldl lil."fll.ts:tt/11i1-Q(»>.,\'•.JI 

Figure 2: The fist translation of "Phaenomena" of Aratus of Soli on Serbian, 
published 20 17. 
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nomical knowledge of Helleni tic Greece in the time whe they were only 
descriptive, when astronomers could only descrie what they saw on the sky. 

Aratu ' 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 Hipparchu 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 everal 
questions: 

L What are the sources of Eudoxus' astronomical data? 
2. How old are the astronomical data that Eudoxus possessed? 
3. To what extent did he make ob ervations himself? 
4. Did Eudox really make a star globe? 
4. From where did he observe the sky? 
5. What instruments were available to him? 
6. How accurate are his astronomical data? 

The answers were sought, among others, by I aac 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 
folll1d that the observation bad to be done in 2600 BC (plus or minus 800 years) 
because some constellations bad the positions stated by Aratus just then; Roy 
determined that it was in the year 2000 BC (plus or minus 200 years) whi le 
Zhytomirsky's calculations were very similar to the latter. 

Criticizing their works, Schaefer (2002) pointed out several remarks: first, that 
the authors, when detennining 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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re ult that the southern constellations described in Aratus's work, could be 
observed from a latitude of31-33°, which con·esponds, for example, to Phoenicia 
and not Crete. l11e ame author pointed out another remark on the works of 
Ovenden, Roy and Zhytomirsky: none of these three authors publi hed the 
calculations on which their conclusions are based . 

ln 2006, Rousseau and Dimitrakoudis used computer software to analyze 
Greek myths relating to the stars and constellation , a well a the geographical 
terms mentioned in them as the scene of the events described in each individual 
myth . They understood this as potential place 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 perfonned 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 observation . 

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 annillary sphere?) is dated 
around ll century BC. lt 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 th century AD 
known as Aberistvid NLW 735, the other from Monza created in the l2 1

h 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 ftrst time translated in the Serbian language 
(ApaT H3 Cona, 2017) . 
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We used the translation on English of G. R. Mair (Aratu of Soli, 1921) and 
Greek original.' 

3. CATASTERJSMJ OF PSEUDO-ERATOSTHENES 

Catasterismi are the only surviving scripture associated with Eratosthenes of 
Cyrene (Epawa8£vrt c; 6 Kuprtvnioc; - 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 bumed and exist 
only in fragments. This text came to our time a 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 i generally thought that thi is 
not true although some scientists defend the opposite view, so often the author is 
called Pseudo-Eratosthenes. 

Catasterismi (Ka-raa-r£ptaf.10i) in Greek means placing among the tars and 
denotes the transfonnation 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 
nwnber, 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 (,lJ,HMHTJmjeslill, oaj lill, 2019) to 
the Serbian language with appropriate comments. We used translation of Kondos 
( 1997) on English and of Hahna ( 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. 

1 Aratus, Phaenomena, 
http://www .perseus. tufts .edu/hopper/text?doc=Perseus%3Atext%3A2008 .01 .0483 
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4. DE ASTRONOMJCA OF HYGINUS 

De Astronomica or Poeticon Astonomicon contains information about the 
knowledge of celestial bodie and their apparent movement , 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 
Hygi nus, which is quite clear because the author' ignature exist 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 ame 
Caius Julius 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 thi s is not exactly that Hygi nus because he lived 
from c 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 Almagest, two hundred years 
later. TI1erefore, it is justifiably suspected that the author of this book lived in the 
second century of the new era, although it mu t 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 Gennanicus lulius 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 (2 011 ) 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 1 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 1 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 11 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, fmding an indication for it in the Preface of 
Book 1 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 ton Serbian. We used one of Latin 
textes (Hygini Astronomica, e1875) and Ru sian (rHrHH, 1997), English (Condos, 
1997) and French (Hygin, 1983). 
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These three manuscript , Aratu 's Phaenomena, Catasterismi of Pseudo
Erathosthenes and De Astonomica of Hyginus fir t time translated in Serbian 
give a view on Eudoxan astronomy and the corresponding developments from 
Aratus in lV 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, 
cosmo logy and religion, as well as the calendar knowledge of the Balkan Slavs. Stecaks 
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 sufficientl y 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 
Mus lims. Some are richl y decorated with relief, some have inscriptions, written in Bosnian 
Cyri llic, in a language that is indisputably Slavic. Two stecak tombstones, found in the 
local cemetery in Donja Zgosca 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 Zgosca is located in central Bosnia, north of Kakanj , on the banks of 
the river Zgosca. 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 Musewn in Sarajevo a long 
time ago. Both of these are richly decorated with relief. 

2. GREAT STECAK 

The stecak is made of marble monolith, large in size: 265 em long, 139-147 
em wide, 146 em high at the comers and 169 em at the ridge. lt stands on a slab 
about 40 em thick, which was buried to ground level. It differs from all other 
stecak tombstones in the fmeness , precision and richness of its construction. lt 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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con idered to be a monument to either a mler or a high priest. There i no 
consensus among scientists about the time when it was made and it is not known 
who was buried under it. Radioi otope dating of the mortal remain of the 
deceased has not been done. 

Figure 1: Western side (anti-facade) ofthe 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 fa9ade of the large stecak tombstone from Zgosca seems to illustrate the 
verses of a folk poem from the collection of Vuk KaradZic (Women's Folk Songs , 
Book 1 Poems Nos. 81 and 78): 

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

And above the city THREE SUNS were shining ... 

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

1 Most of the photographs of the tecak tombstone 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 (fa9ade) 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. Jankovic wrote about it (1951 , p. 38) referring to Vuk Karadzic and 
Simo Trojanovic. 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 ofthe old religion of Balkan people. 

1n the collection of V uk KaradZic, there is another variety of the poem that 
mentions those three Suns, which begins as follows : 

0 , Yitor, o high mountain, 
Above you THREE SUNS were rising ... 

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

MOLmt Yitor does not exist in the Balkans. However, Christian missionaries 
who baptized the Slavs of Po lab and Pomerania in the twelfth century AD mention 
the hill of Yithora, which was located above the city of Arkona on the i land of 
Rujan (today's Rugen). ln the town of Arkona there was a temple of the four
headed Slavic God Svetovid (Swantevit), known on Balkans as Yid. The same 
missionaries a lso 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 : 

141 



A. BAJIC and M. S. DIMITRIJ EVI C 

Three human figure are standing at the city gate and the fourth human figure 
can be een hidden, in the first house on the left in the city. (The image is not 
harp enough, but the 1ight hand one of the three figures on the gate seem to hold 

in its right hand some round, hollow shape resembling a ring.) 

Figure 3: Ring in the hand of the frrst 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 11-om 
Radimlja near Stolac and it can also be seen in the band of the famous idol from 
Zbruc, which is one of the few preserved visual representations of Svetovid. There 
are whole groups of such stecak 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 stecak 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 stecak tombstone. Therefore, we 
should look at the other elements on the facade: 

On the "lower floor" of the fa9ade, 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 tecak, which is 
eparated from the lower one by a border frieze. We can see five horsemen. Each 

of them bas 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 "fonnula" 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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preci ely the day of the greate t power of the un deity, it would be the summer 
solst ice, when the day is the longest, and it is "ju t before the harvest." 

On the lower half of the stecak's north side three cenes are depicted: deer 
hunting2

; wild boar3 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 hawthom) 
to which a wolf is chained. The beast gnaws that chain, threatening to free itself. 
The moment the chain is almost broken Christmas come omeone houts "Christ 
is bom" and the chain is good a new again . There is also a belief that this happens 
when a gypsy blacksmith strikes his anvil with a hammer (Cajkanovic, Y, 1924 p. 
132). Since the wolf, according to Carl Gustav Jung4 ( 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. 

2 Deer htmting is a very conm1on motif on stecak tombstones (Miletic, : ( 1982), p. 74) 
and a favori te topic in mythology. Deer are often htmted in Serbian folk poem, most often 
in ritual wedding ones. King Arthur, from the Welsh myth (The St01y of Geraint, son of 
Erbin) htmted a white deer on a holiday ca lled Sui Gwyn, (meaning "white Sun" or "holy 
Stm"), which is the Welsh narne of the Stm1mer solstice. Deer htmting was also fotmd on 
Thracian frescoes. The deer symbolizes the Stm of the first half of the year, youth, the ruler 
himself and ritual puri ty. After sacri ficing a deer, the ruler acquires the right to marry. In 
the ca lendar, the Stm ceases to be "young" from the summer solstice, the hot days of 
summer go by. The ruler is mature and in hi ful l strength. 
3 Wild boar hunting is known by the myth of many peoples. Hercules htmted the wild 
boar, it is one of hi s twelve feats; the Vedic Indra htmted the w ild boar, Emuza; King 
Arthur htmted the wild boar Twrch Trwyth (in The Story of J(jJhwch and Olwen) . South
Slavic folklore has not preserved a single tory 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 acrifice of a boar for the winter solstice. 
4 Karl Gustav Jung, ( 1943) Psihologija i alkemija, aprijed , Zagreb, II izdanje, 1983. 
(C. G. Jung, P ychology and Alchemy) . 
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The trees in this part of the tecak can be identified: deer bunting take 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 
solstice5 we thought that a gnomon placed in the right place would be missing 
whose shadow would "fall" on the first rider and deer bunter on the day of the 
summer solstice, at sunrise. Thus, this stecak tombstone could al o 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 stecak tombstone 
from Zgosca, at the original location there wa another stecak tombstone, known 
as the Pillar from Zgosca, 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 stecak 
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 em. Its upper part is in the form of a four sided prism Its cross 
section is rectangular, 54 x 44 em, and its height 100 em. The lower part of the 
pillar has a height of 200 em, of which about 60 em 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 natrower part is about 
140 em. We notice that this height is approximately equal to the height of the side 
edge of the large stecak: tombstone (146 em). 

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

5 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 Rugen), 
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 8th 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 swnmer 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 frrst ray of the Sun appeared on the 
swnmer solstice, the shadow of the pillar would cover the frrst 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 astra
geodetic survey was perfonned 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 stecak, 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 frrst 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. 

Thi olution corresponds very well to the position een 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: 

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 so lstice 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 stecak 
tombstone from Zgosca to check all this (See figure 1 0). 

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 bas a "Tree of the World" above him. Thi borsman 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 deity6

. This 
horsman is directed from east to west, as befits a solar deity. 

6 An oak tree is dedicated to Zeu , an ash tree called Igdra il to the Nordic Odin, and an 
oak tree to Svetovid. 
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Figure 10: The south side of the Great Stecak 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 comer 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 stecak thumbstone 
from Donja Zgosca: 

12- as twelve months of the solar year 
3- as THREE SUNS and TRlGLAV and three months in a season 
4- as four seasons and the quaternity of SYETOYID (YlD) 

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 thi defines these two stecak tombstones a a unique calendar monument 
closely connected with the observation of the ky and the determination of the 
cardinal days of the year (sol tices and equinoxe ) . 

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 7 of the Balkan 
Slavs, its iconography and mythology . 

Looking carefully at the large stecak tombstone from Zgosca, 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 indjvidual elements of its relief are closely resembling, both 
stylistically and symboLically with those on the Great Stecak. Therefore, there is a 
high probability that they were carved by the same master at approximately the 
same time. l11is stecak 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: Stecak tombstone from the vicinity of Kakanj . 

7 We were NEVER claiming that all the stecak tombstones are pagan. We know that there 
are some of these with clear Christian symbol , as well as with clear Muslim symbols. 
Christianization of the inhabitants of Bosrua and Herzegovina was completed only by the 
end of the tenth century, when the arentians (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. 
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Three horsemen can be clearly seen, corre ponding to those three on the 
stecak from Zgosca marked with a ro ette, i.e. the trinity of the Sun. Above them 
there is a border freeze of 12 three-leaf clovers which is as ociated 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 nake (dragon) out of his hand . 
This is probably Penm (the master of celestial fire, symbolically represented by 
the dragon). Again, he could be the fourth member of the quatemity an aspect of 
the four-faced Svetovid. The facade of the stecak looks like this: 

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

Figure 14: Stecak 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 Stecak from Zgosca. There are 
also three swastikas. Swastika is an ancient symbol of the sky which would 
support the previous assumption. There is also a unifying ymbol a tlu·ee-leaf 
clover which can signify the unity of the three Suns (like Triglav). Next to tl1e 
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 astronomica lly true that 
Morning star (Danica) can be near tile waning crescent only, while Evening star 
can only be near the waxing crescent Moon. It is always close to tile 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 stecak are a part of 
a different cosmology. 

CONCLUSIONS 

Sources for tile study of tile 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 fmd) botil knowledge and beliefs 
about the sky, celestial bodies and tile structure of the world, as well as the 
calendar knowledge. Vuk Karadzic, in the second edition of his Dictionary (1852, 
under S), states tilat the people in the vicinity of lmotski call the stecak tombstones 
"Old Feith Stones" ("Kamenje Starovirsko"), which can also point to the old, pre-
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Chri tian faith of the Balkan Slavs. At the creation time of the tecak tomb tones 
the autochthonous Romanized lllyrian population had been a similated long since. 
There are no traces of the lllyrian 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 symbol of celestial bodies or 
traces of pre-Chri stian cosmology and calendar knowledge on tecak tombstones 
so far. Therefore, it is not possible to cite multiple reference for interpretation 
given in this paper. 

Since being placed under the protection of UNESCO, stecak tombstones have 
become a "sensitive political issue" between Croats, Serbs and Bosniaks. Issues of 
origin and identity are never resolved without emotions, often exaggerated. 

References 

Bihalji Merin, Oto; Benac Alojz: 1964, Steine der Bogumilen, A. Seemannn-Verlag, 
Leipzig. 

Cajkanovic Veselin : 1924, 0 vrhovnom Bogu u staroj s1pskoj religiji, SKZ, BIGZ, 
Prosveta, Partenon MAM, izdanje 1994, knjiga I. 

Gramaticus Saxon: 2009, Gesta Danorum (Prevod na Srpski jezik poglavlja, koja se 
odnose na Slovene: Rastko Kostic, Pad Arkone i sumrak s/o venskog paganizma, 2009. 
Atos, Beograd) 

Jankovic Nenad, f) : 195 1, Astronomija u predaryima, umotvorinama i obicajima Srba, 
Odeljenje za drustvene nauke SANU, Beograd. 

Jung Karl, G: 1942, Psihologija i alkemija, aprijed, Zagreb (11 izdanje, 1984) 
Karadzic Vuk St. : 1841 , S1pske narodne pjesme, reprint olit, Beograd, 1989 (Knjiga I, 

Zenske narodn e pjesme). 
Karadzic Vuk St: 1852, S1pski rjecnik, 11 izdanje (reprint, olit, Beograd, 1977). 
Miletic Nada: 1982, Stecci, rzdavacki zavod Jugoslavije (Beograd) i Spektar (Zagreb) i 

Prva knjizevna komuna (Mostar), edicija Umetnost na tlu .Jugoslavije. 
Truhelka Ciro: 1933, Kolijevka igroblje prvih Kotromanica, astavn i Vjesnik, XLI. 
Wenzel Mariana: 1962, Bosnian and Herzegovinian tombstones - who made them and 

why, Siidost-Forschungen 21 , Miinchen 1962, 102-143. 

153 





Proceedings of the Xn Serbian-Bulgarian Astronomical Conference 
(XII SBAC) Sokobanja, Serbia, September 25-29, 2020 
Editors: L. C. Popovic, V. A. Sreckovic, M. S. Dimitrijevic and A. Kovacevic 
Publ. Astron. Soc. ''Rudjer Boskovic" No 20, 2020, 155-167 

BEHEP A Y MHTOJIOrHJH JYJKHHX CJIOBEHA 

AJIEKCAH,UP A BAH1n 

/{pyutm60 3a apxeoacmpol-lOMCKa u emnoacmpol-lOMCKa ucmpa.?ICUBGI-ba 

, B;wuatnu ", Eeo2pao 

E-mail: aleksandra.bajic@gmail.com 

Pe3nMe. Y pa,ny je TecnrpaHa XlffiOTe3a .na Hapo.nHo mnepapHo CTsapaJJaUJTBO 
6aJJKaHCKHX CnoseHa MO)Ke .na npe.ncraslba .no6ap 11 noy3.naH 113Bop 3a 113y<IaBaJ.he 
fbHXOse npe.nxp11mhaHcKe pe1D1T11je 11 MI1Tonor11je. KaKo penMr11ja 11 MHTonomja no 
npasHny yKJby'fyjy 11 cxsaTafbe cseTa y o.npeljeHoj Kymyp11 T.j. KOCMonornjy, y 11CTHM 
113BOp11M8 Ce MOry nOTp8)KHTI1 11 3Hafba H CXBaTaEba 0 He6y 11 He6eCKHM TenHMa 11 H3lJHH 
Ha KOjl1 cy Ta CXBaTaJ.ha yrpaljeHa y MHTOBe 11 o6pe,1le. Y KOHKpeTHOM cnyqajy, 11CIDIT3HO 
je MeCTO mtaHe-re B eHepe y npe.nxpHwliaHCKoj pemu·11j11 6ruJKaHCKI1x CJJOseHa. 

YBO)J,- MHTOJioruja, KOCMOJiontja u JKeHCKH npHHI..{HD 

l13 Haj)J.aBHHji1X npaHCTOpHjCiillX speMeHa na.neOJJHTa HaCJJe)J.HJlH CMO 
CTeaTOIDIT11'ilte cTaryeTe, .n.aHac nonynapHo Ha3BaHe BeHepaMa. 06nHHe 
l:bHXOBHX KaMeHHX HJlH KOWTaHHX TeJJa cy )J.OBe)J,eHe y Be3y Ca nJJO)J.HOWliy H 
npacTapoM JbY.1lCKOM <Je)f(fbOM 3a o6HJbeM xpaHe 11 TOnJJHHe. O.n.aTne .1l11peKTaH 
aco~11ja~110H11 HH3 B0.1lH .n.o npe.n.cTase MAJKE, KaKO OHe 3eMaJbCKe, ,Moje 
MajKe", TaKo H OHe KOCMH'iKe, ,,BenHKe MajKe" Kojaje po.n.11na H o.n.Herosa.na cse 
WTO nocTojH. TaKo cxsalieHa, MajKa nocTaje je.n.aH apxeTHn ca BHWe Meljyco6Ho 
nose3aHHX 3HaYel:ba. 

Tipe.n.cTasa ,Moja MajKa" cTOjH y KOpeHy CBHX ocTa.nHX npe.n.cTasa ,,BenHKe 
MajKe". lheH 3HaYaj HHje nOTpe6Ho .D.aJbe o6jamfbasaTHjep csaKo Ha l:hY MO)Ke .n.a 
npojeKTyje )J.O)KHBJhaj csoje concTseHe MajKe 11 yTKa csoje noje)J.HHa<IHO 
11CKyCTBO CTelJeHO TOKOM 0.1lpaCTal:ba. 36Hp TI1X noje)J.J1HalJHHX npe)J.CTasa lie 
HMaTH MHoro 3aje,UH11Y.IillX eneMeHaTa, KOjH lie o6JJHKosaTH npe.n.cTasy ,BenHKe 
MajKe". 

Y na.neoJmTy, Mece~je CMarpaH perynaTOpOM 3eMaJbC.IillX npo~eca: speMe je 
MepeHO npeMa l:befOB11M <PaJaMa, KOje )J,aHaC Ha311BaMO CHHO)J.J1l.UG1M MeceYeBHM 
~HKJJycoM . <Pa3a nyHor Mece~a je CMarpaHa npe.n.ycnosoM 3a nno.n.HOCT, <Pa3a 
TaMHOr Mece~a je 6Hna speMe ceKcya.nHor Y3.1lp)Kasal:ba, .n.aKJJe HenosOJhHa 3a 
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aKTI1BHOCTI1 411jl1 je ~11Jb nno,nHOCT (Knight, Cris, 1987). He MO)I{e ce ,noKa:JaTI1 
aJlH 113r11e.na cacs~-tM Moryne ,na cy npa11cTop11jcKe cp11.ryp11He, ,naHac Ha:JBaHe 
BeHepaMa, 3anpaso npe,ncTase Ben~-tKe MajKe y nHKY Mece~a (JlyHa) 
HajseposaTHI1je oHor nyHor ~-tMajyhH y s11,ny 3aoKpy)l{eHo Teno. TaKo 611 Ben~-tKa 
MajKa perynHcana noHawal:he 6yAyhHx 3eMaJbCKI-tX MajKH (11 04esa). 

Ca ,nonacKOM HeOm1Ta (ca 3eMJbOpa,nlhOM 11 CT04apCTBOM), npe,ncTasa Ben11Ke 
MajKe ce o6orahyje: oHa nocTaje Ben~-tKa MajKa 3eMJba, Koja y x11jeporaM11j11 ca 
CyH~eM 3a4Hl:be 11 palja nno.nose 3eMJbe 61-tJbKe, )I{HBOTI1lhe 11 Jby,ne .najyn11 
o611Jbe. AJIH , 3a nno,nHOCT 3ei\1Jbe, CyH~e Hl1je .nosOJbHO: Heonxo,nHa je so.na, Koja 
MO)I{e .non11 ca 3eMJbe, Kao so.na 113Bopa, noToKa 11 peKa an11 11 ca He6a Kao 
aTMoccpepcKa so.na Kl-tilla. KaKo ce cTap11ja seposalha TewKo noTnyHo 6p~-tWy 113 
cseCTI1 Jby,n11, Ben11Ka MajKa y osoM TPeHyTKY 11Ma csoj 111-tK Ben11Ke MajKe 
3eMJbe an11 11 Ben11Ke MajKe Mece~ (Kojoj ce ,no,neJbyj e snacT Ha,n so,naMa). 

Hajpa3s11jeH11je KynType 6poH3aHor ,no6a Hana:Je Ha411Ha .na 113rp8,nl:hOM 
MOHyMeHTaJlHI-tX 11pl-tfa~I10HI-tX CHCTeMa, CaCTaBJbeHI-tX 113 KaHana 11 aKyMyJ1a11.11ja, 
3arocno,nape TOKOBI1Ma so.na, Koje be CTaBHTI1 y cny)l{6y 3eMJbopa,nl:he 11 
CT04apCTBa. roTOBO ,na H11je HOTPe6HO noce6HO HOMJUbaTI1 0611MHe XH,llp0-
peryna~I10He CI1CTeMe npoHaljeHe y rpa.nos11Ma Kymype .non 11He HH,na 111ll1 oHe y 
MeconoTaMI1jl1. KynType 6poH3aHor ,no6a cy jacHo naTP11U.eHTPI14He: Mece~ y 
HeKHMa o.n l:h~-tX ry611 csojy )l{eHCKY np11po.ny, na y MeconOTaMHjl1 nocTaje Eor 
no 11MeHy HaMMy-CyeH. TaKo BenHKa MajKa 3eMJba ,no611ja HOsor napTHepa, 
60)I{aHCTBO onyje 11 rpoMa, y 411jOj je KOMfieTeHlJ.I1jl1 y3 He6ecKy BaTPy (rpOM) 11 
He6ecKa so,na, Kl1wa. KoMneTeHlJ.I1ja Ha,n nno,nHowny np11na.na 11 Hosoj Eor11lhl1, 
11HaHI1 (11J111 111UTap ), KOjOj Ce npHn11Cyje BJlaCT Ha,ll CeKCYaJlH.HM O,llHOCI1Ma KOjl1 
cy npe,nycnos csaKe nno,nHOCTI1 . Hosa EorJUba je nepcoH11Ql11KOBaHa I11laHeTa 
BeHepa, 4Hje ce ,noHawal:he" Ha He6y nOMHO nocMaTPa 11 6ene)I{H. Ben11Ka MajKa 
,no611ja jow je,nHy o,npe.nHHll.y: ce,naM cyMepcKHX Ta6JlHll.a o ITocTaHKy cse-ra 
HMeHyjy TMaMaT, EorHfby Xaoca, Kao npHMop,n11janHy BenHKy MajKy, o.n Koje be 
HaCTaTI1 CBe WTO HOCTOjl1. 

Y CTapoM ErHnTY yolfasajy ce HeKe .npyre npoMeHe: HyT (He6o) nocTaje 
EorHlha ,noK We6 (3eMJba) nocTaje Eor. 

YKpaTKO, BenHKa Eorl1lha MajKa je 3aM~-tWJbeHa Kao: 

1. XAOC (Kao T11aMaT) 
2. MECEU (Kao ApTeMH,na HJ111 )J,11jaHa 111ll1 11oTHHa TepoH-MajKa )1{11BOTHlha) 
3. 3EMJbA (KaO rea, MajKa Eorosa 11 TI1TaHa 11Jll1 Kao KH6ena, MajKa Eorosa 11 

rpa.nosa) 
4. BEHEPA (Kao 11HaHa HJ111 MwTap 111ll1 AcTaPTe) 

Ha nps11 norne.n, 411HI1 ce .na Xaoc (T11aMaT) HeKaKo He cna,na y osaj CKyn 
(HJ111 nor114l<11 HH3), jep cy cs11 OCTMH 4JlaHOBI1 cKyna He6ecKa Tena. HnaK, Xaoc, 
KaO cynpOTHOCT opraHH30BaHOM KOCMOCy, cxsaneH KaO npap0,1l11TeJbKa KOCMOCa, 
3anpaso ra ynoTnylhyje. 
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4oseK He MO)Ke ,Aa cpyHKU.110HI1we y xaocy. ITo-rpe6aH MY je KaKas-TaKas pe.n 
Koj 11 MO)Ke ,na sna,Aa caMo y ypel)eHOM KocMocy Koj 11 je pol)eH 113 Xaoca. Pe,A 
OMorytiasa ,na 'ciOBeK npe)K.H.BI1 pa3s11je csoje noTeHJJ.I1ja.rre 11 KOHTpOni1.We csoj 
c-rpax. flo·rpe6HO MY je CXBaTal:be CBeTa KOCMOJ10rHja ,na 611 HanpaBI10 pe,n y 
CBOji1M M.I1CJ1.11Ma 11 OCehal:bH.Ma. 

PeKOCMO ,na cy cs11 ocTa.rrl1 acneKTI1 Ben11.Ke nOrH.l:he MajKe, OCH.M Xaoca 
nepcoHHcp11KOBaHa HEnECKA TEflA 1. T11.Me CMO ,nollJJII1 .no nps11x nocMa-rpa1na 
He6a 11 He6eCKI1X Tena, KaO Hajyna,l{JI,I1BI1jer 113BOpa npaBI1.J1HOCTI1 11 pe,na. )J.aHaC 
ce MO)Ke ,noKa3H.BaTI1 ,Aa je nocMa-rpal:be He6a 3aHOYeTO jow y speMe na.rreon11Ta, 
Ka,na cy sen 611ne H03HaTe Meceyese cpa3e, KOje YH.He U,11KJ1yc, KOj 11 ce ,naHaC 
Ha311Ba CI1HO,l.\11YKI1M, 11 ynpaBJba.rre MHOfi1M acneKTI1Ma )KHBOTa Jby,n11.Beti 
Heoni1T ,AOHOCI1 3Hal:ba o ,nHeBHOM 11 ro.n11wl:heM np11BI1,l.\HOM KpeTal:bY CyHLJ,a 
(Koje nocTaje nor), 3aje,AHO ca ,l.\eTaJbHI1ji1M 3HaJ:beM o np11s11,nHoM KpeTal:hy 
Meceu,a - 3HaJ:be o l:heroBI1M xop1130HTCKHM rpaHH.JJ.aMa Koje ce noHaBJbajy y 
U,KKJ1ycy O,l.\ 18.6 fO,l.\H.Ha y TeCHOj Be311 ca U,11KJ1YCKMa y TOKY KOji1X Ce jasJbajy 
noMpaYeJ:ba CyHLJ,a 11 Meceu,a. Y6p3o 11 Meceu,, Koj11 je .no Ta,na 6110 nor11l:ba, 
nocnje nor. £pOH3aHO ,no6a ,noHOCI1 3HaJ:ba o np11B11,l.\HOM KpeTal:hy nnaHe-re 
BeHepe Kojaje HajcjajHHje He6ecKo Teno nocne CyHLJ,a 11 Meceu,a. 

BEHEPA Y MJ1TOJIOrHJH JYJKHUX CJIOBEHA 

Hacnos osor nomasJba 3BYYH roToso jepeTI1YHO. Yspe)KeHo je cxsaTaJ:be ,Aa 
je npe.nxpHwnaHcKa M11Tonor11ja Jy)K.HJ1x CnoseHa He,nosoJbHO 11CTp~eHa a 
J:beHI1 113sop11 He,AOBOJbHO cayysaHH 11 KOH-rpa,ni1RTOpHH. £a.rrKaHCKI1 CnoseHI1 cy 
noKpwTeHI1113Mel)y 9. 11 12. seKa, Hajnpe nneMCTBO, noToM Hapo,n. AID1, Hapo,Aje 
KOH3epsaTH.BaH, CnpeMaH ,na np11M11 HOBO, aJll1 11 ,na YyBa CTapO. 4eCTI1 paTOBI1 
YKHe ,na ce Jby,n11 ca CeTOM cetiajy CTapKX speMeHa 11 £orosa. Y l:hKXOBO 
Xp111UtiaHCTBO yrpaljeHI1 Cy MH0fl1 eneMeHTI1 CTape peJ1.11f11je, CaYyBaHI1 ,l.\0 ,naHaC. 

CTap11ja J1.11TepaTypa o Hapo,AHOM 3HaJ:by o He6eCKHM TenKMa ce cso,n11 Ha nap 
Kfbl1fa 11 HeKOJlliKO eTHOJ101.1IKHX 11 CTy ,neHTCKHX 11C'rpa)f(KSa'lK.I1X pa,AOBa. 
HajeMJ1HeHTHI1jl1 Cp11CKI1 11C'rpa)KJ1Bat£11 cpom<nopa 11 MHTOJ10fl1je Jy)K.HJ{X 
CnoseHa, BeceJlliH l.lajKaHOBI11i 11 CpeTeH l1e-rpos11h, HHcy ce MHOro 6as11ID1 
HapO,l.\HOM KOCMOJ10fl1jOM. Y OOCJ1e,l.\l:bKX HeKOJIKKO fO,l.\KHa, HaCTajy 3Ha1..fajHH 
pa,nOBI1 nope U eHesa 11 HHKOCa l.layCI1,l.\11Ca 113 MaKe,nOHI1je 11 BI1TOMHpa £enaja 
113 XpsaTCKe, aJlli ce Hl1 je,naH o.n J:bHX Hl1je 6as110 Hapo,nHKM 3HaJ:bHMa o nnaHeTI1 
BeHep11. MnaK, nocToj11 seJ1.11KI1 Kopnyc Hapo,nHor mnepapHor CTsapa.rrawTsa, y 
maBHOM 3a6eJie)KeH y 19. BeKy, y KOM Ce 11 ,naHaC MOry -rpa)f(J1TI1 TparOBI1 
Hapo,nHHX 3Hal:ba 11 seposafba o He6y. l1ocToj11 11 o611MHa eTHorpacpcKo
eTHonowKa J1.11TepaTypa, KOja, 11CTI1HI1 3a BOJby HHje u.eH-rp11paHa Ha HapO.L\HY 
npe,nxpKWUaHCKy KOCMOJIOrHjy, aJ1.I1 KOja 1111aK Ca,l.\p)K11 113BeCHy KOJII1YHHY 
110,l.\aTa.Ka KOjl1 Ce O,l.\HOCe Ha Ty TeMy. 

1 Oa)le rpe6a )la HarnacKMo )la noCToje 11 aeoMa B3)KHe Eon£fbe, Koje HHcy 
nepCOHJHjH1l<31{11je He6eCKI1X TeJJa. 
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Csa osa ):(OCTynHa m!TepaTypa, KOJII1KO je ayTopK11 osor pa):(a no3HaTo OCI1M 
Mal:bHX cpparMeHaTa, Hl1je npese):(eHa Hl1 Ha je):(aH O):( cseTCKI1X je311Ka, na je 
He):(OCTynHa Mc·rpa)I(HSa'-IMMa H3saH oaJIKaHa. 

0611M osor pa):(a He ):(03SOJbasa m11py aHaJIH3Y pacnoJIO)I(J1BOr MaTep11jaJia: 
611he KOMeHTap11CaHO norJiasJbe 113 Kl:bl1fe HeHa):(a n. JaHKOsHha acTpOHOMa, 0 
BeHepH y HapO):(HOj pe1111mj11 Cp6a 11 nperJie):(aHo HeKOJIHKO HapO):(HMX necMaMa 
cpncKHX, xpsaTcKHx 11 6yrapcKHx, Koje ce O):(Hoce Ha nJiaHeTY BeHepy. YKynaH 
6poj TaKSI1X necaMa HHje MHOfO sen11 0):( 6poja OHHX, KOje cy 110MeHyTe y OSOM 
pa):(y. 

HeHa):( n. JaHKOSI1ll (JaHKOSI1ll 1951, CTP. 117-124) HaSO):(I1 ):(a cy 3a BeHepy 
OOCTOjaJia MHOra HapO):(Ha 11MeHa: Ka):(a nJiaHeTa 113Jia311 npe CyHU.a Ha311BaJII1 cy 
je ,UaHI1I.J.a 11 TO je l:beH Haj'-lewhl1 a1111 He 11 je):(I1HI1 Ha311s. 3saJII1 cy je 11 3opl:ba'-!a. 
TipeMa ,Uap11HI1 MJia):(eHosoj (2006, CTP. 52-53) KO):( Byrapaje Ha311SaHa ,UeHHU.a 
3opa 111111 3opHm~a jep ce nojasJbyje Ha 11CTOKY y 3opy, npe CyHJ.J.a, ):(a 611, HaKOH 
l:berosor H3JiacKa, H36Jie):(eJia Ha ):(HesHoj cseTJIOCTI1. Ka):(a ce BeHepa 
nojasJbHsaJia yse<Je Ha 3ana):(y HaKOH 3aJiacKa CyHJ.J.a, Cp611 11 XpsaTI1 cy je 
3san11 Be<Iepl:ba'-!a I1J1I1 CjajHHU.a HJ111 Os'-lapHJ.J.a. Oso nocJie):(l:be je, npeMa 
HeHa,D,y D. JaHKOSH.hy, 3aTO WTO je OOOMHI:baJia OS'-Iape ):(a 611, y speMe lheHOf 
nojaBJbHsaJ:ba Ha He6y, MOpaJI11 ):(a 3aTsope csoje osu.e y Topose, KaKO 611 61111e 
6e36e):(He. Byrap11 cy je Ha3asaJIH foJieMaTa ,3se3):(a" 111111 Be'-!epHaTa ,3se3):(a". 

JaHKOsl11i ce 1111Ta ):(a 1111 cy 6aJIKaHCKH CJioseHH 3HaJIH ):(a cy ,UaH11U.a 11 
Be'-!eplha'-!a je):(HO 11CTO He6ecKo TeJio . HaJia311 O):(rosop Ha TO 1111Tal:he y jow 
je):(HOM HMeHy 3a BeHepy, a TO je llpeo):(HMI.J.a, jep npe11a311 (npe0):(11) ca je.nHe 
CTPaHe He6a Ha .npyry (ca 11CTOKa Ha 3ana):( 11 o6pHyTO) a ):(ace HHKa):(a He Mory 
Sl1.l(eTI1 11 lheH 113Jia3aK 11 3aJia3aK y TOKY 11CTor ):(aHa. Oso 3aTo wTo je lheHa 
MaKcHMaJIHa yraoHa y.na1beHOCT o.n CyHJ.J.a ( eJIOHrau.11ja) OKO 47° '-lemne ce MO)I(e 
BJ1):(eTI1 Ha 3Ha'-lajHO MaJ:bOj y.na1beHOCTI1, Cse ):(0 MHHHMaJIHe 0):( OKO 15°. Ka):(a je 
OBa yraoHa ):(HCTaHu.a jow Mafba, He MO)I(e ce s11):(eT11 yoruuTe, jep je He6o cys11we 
CSeTJIO. AyTOp CMaTPa ,l(a OSO HMe CBe):(O'-IH ):(a je HeKa):(a Meljy 6aJIKaHCKHM 
CJioseHHMa nocTOjaJio 3Halhe .na cy ,UaHHJ.J.a 11 Be'-leplha'-!a je):(aH 11CTI1 He6ecKH 
o6jeKaT, aJII1 ):(a TO 3HaJ:be y HapO):(HHM oeCMaMa HHje '-IBpCTO cpHKC11paHO jep Cy 
11x, y speMe Ka.na cy necMe 3an11caHe, cse '-lemne npeHoc11J111 (o6pe):(HH) nesa'-111 
ca He,l(OSOJbHHM acTpOHOMCKI1M 3HafbeM. Ta):(a cy sen yseJII1KO flOCTOjaJIH 
u.pKBeHI1 11 l.\11SI1JIHH KaJieH.nap11. Hapo.n same HHje Mopao .na ce ocJial:ba Ha 
COOCTSeHa 3Hafba 0 He6y 11 He6eCKHM TeJIHMa KaKO 611 Mep110 opOTOK speMeHa, 
KaO WTO je TO MOpao y speMe TypCKe OKyl1al.\11je. 

BeHepa je yBeK y 6J111311HH CyHu.a, Te 611 ce O'-leKHsaJio ):(a TO 6y):(e 11 y 
MHTOsHMa Kao CyH'-IeBa cyrrpyra 111111 cecTPa. 

0):(HOC BeHepe ca Meceu.oM je HewTo KOMI1JIHKOBaHHjl1: Y BpeMe Ka):(a 113Jla311 
,UaHHJ.J.a (Ha 11CTOKy) y lheHOj 6JII1311HH MO)I(e 611T11 CaMO Meceu. y cpa311 
ona):(ajyner cpna. llyH Meceu. he 611T11 611113y cBor 3aJiacKa, Ha 3ana):(y. TaKo, Ka):(a 
Hapo.nHa necMa Ka)J(e: ,3Be3.na Tepa Meceu.a, 3a ropy ra 3aTepa" TO MO)I(e .na 
03Ha'-!aBa 6arn OBY C11Tyau.11jy, jep nojaBa ,UaHHl.\e ,Tepa" nyH Meceu. ca He6a. 
CHM6mr'-IHO, ,UaHHJ.J.a 11 rryH Meceu. cy ,y CBa1)11". JaHKOBHh HaJia311 necMy Koja 
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on11cyje osaKBY csa~y y OerpaHOBI1besoj 3611pu,11 ()f(eHcKe HapooHe njeCJwe, Klh. 
I, necMa 6p. 5). 

,[(aHH u,a je Kapana M jeceu,a: 
, ne c11 6110 Moj cjajaH Mjece1.1e, 
f.ue Cl1 6110 r,ue CH ,uaHry6110? ... 

0BI1 CTI1XOBI1 MOry ,na 11Majy 11 ,upyra1.111je TyMaYelbe: aC-rpOHOMCKI1 rne,uaHO, 
seoMa TaHaK (MIIa,n) pacTyb11 cpn (,MIIa,u Meceu,") npeTxo,uHe HODH Hl1je 6110 
BH.AJI:.I1B Ha He6y, na ,[(aH11u,a 113 necMe 11Ma npaso ,ua ce 3a6p11He. Asm, oso MO)f(e 
611TI1 no,u cyMlhOM, jep cy ,[(aHill..l,a 11 MIIa,u Meceu: yaeK Ha cynpoTHoj c-rpaHH He6a 
- ,[(aHm~a Ha HCTOKY a MIIa,u Meceu, Ha 3ana,uy. 

Y speMe Ka,ua ce nojasJbyje BeYeplhaYa (Ha 3ana,uy) y lheHoj 6mt311HI1 MO)f(e 
,ua 6y,ue pacTyhH, ,MIIa,n" Mece1.1es cpn (npe npse YeTBpT11). TaKo Be<Jeplha4a 
MO)f(e CI1M60JII14HO .na 6y.ne ,cec-rp11u,a MIIa,uor Meceu,a". 

HcTo TaKo ,ceCTJHtu,a" MO)f(e 11 ,ua )f(eHH caora ,MIIa,uor " 6paTa, uJTo j e 
3a6eJie)f(eHo y ,use necMe 113 36HpKe ByKa Kapauillla ()f(ertcKe HapoOHe njecjwe, 
KJ:bHra 1, necMe 6p. 230 11 231 ): 

Pa,uyje ce 3BI1je3,ua ,[(aHHu,a: 
, O)f(eHHliy cjajHora Mjeceu,a, 

Hcnpoclliiy Mylhy o,u o6JiaKa.. .. " 

Ose npHB11,UHe npOTHBpe4HOCTH y necMaMa Mory ,ua 6y,uy nOM11peHe aKo 11 
Hapo,uHH neCHHK 11 lheroaa ny6mtKa 3Hajy ,ua cy ,[(aHHu,a 11 BeYeplba<Ja je,uHo HCTO 
He6eCKO TeJIO. 

O,uasHo cy HC-rpa)f(J1Ba4H cJioseHCKe MHTOIIoruje yo1.1111111 ,ua y Hapo,uHOM 
IIHTepapHOM CTBapaiiawTsy j~ux CJioseHa nocToje "eiieMeHTH MHTa". T11 
"eJieMeHTH" llOHeKa,U HHCy CHTHe YeCnll~e, Ha 11p0THB, y HeKHM neCMaMa cy Ce 
oyysaJIH 3HaYajHH ,ueiiOBH naraHCKHX MMTOsa. CacsKM peTKO noMeHYTO je 11 HMe 
npe,uxpHWbaHCKOr 6o)f(aHcTsa, na 11 HeKH lherosH a-rp116YT11. TaKBa j e 6yrapcKa 
Hapo,uHa necMa (EbllzapcKo HapooHo meopt.tecmeo, 1963, Kl:bHra 6. c-rp.l03): 

ITECMA BH,[(Y 

3acsHpana ,usa os1.1apa: 
"B11,ue2 Jie, 

2 BMil je 6a.JJKaHCKO liMe CseTOBM)la (illrn CsaHTeBMTa 11Jll1 CsaHTeBMila), spxosHor 
60)J(aHCTBa Da.JJTH4KHX CnoBeHa. 0 TOM 60)1(3HCTBy llOCTOje 11CUpllllli HCTOp11jCKI1 113BOp11 
(CaxoH fpaMaTI1Kyc, )JeJlajJaHa4a (Gesta D anorum) H XeJIMXon.n <)>oH E01ay, CJweeHcKa 
xpoHuKa (Chronica Sclavorum). Kopl1li11i eH je npeao.n .nenoaa OBHX TeKCTOBa Ha CpncKI1 
je1111< PacrKa Kocrl11la , o6janJbeR y lberoaoj KH.I1311 flao ApKoHe u cyA,tpaK CJloeeHcKoz 
nazaHU3Ata} MMe B11.n je peTKO .Lll1peKTHO noMeRYTO y Rapo.nHHM necMaMa 6aJJKaHCKHX 
CnoaeRa, Ma,na ra HITaK HMa. Y je,nRoj ce nojan yje no.n MMeHOM B11.n )J(epani1Ll,a, y 
.npyroj Kao B11.n ~aHJffirn, y o6a cny"'aja jacHo acol.(l1pa Ha CyHUe. EoJbe ce caqyaano y 
TOITOHOM3CTI1l.(l1 11 OHOM3CTI1l.(l1, 0 4eMy je OlllUlfpHO 1111C30 CpeTeH TieTpOBM, je,naH Oil 
Haj3RaqajHHjHX canpeMeHHx 11CTp3)1(11Ba4a npe.nxpl1ll.lhaHcKe MHTonomje Cp6a. 
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MoMHI1 ne 
Kyna.f\11 ne!" 

,[l.aa OB'Iapa, .r.~aa .r.~pyrapa, 

Kpaj B11.uoaa pa1ma .uaopa, 
C .uaa Kaaana3 , .uaa jy .uypMa4 

, 5 
,[l.a 113a~enen11 B11.ue. 
He 113a~e nen11 B11.ue, 

Ben l:heroaa Heaecnu.J,a, 
na norne.ua rope, .none, 

0Ha BH,[.Ie .uaa OB4apa 10 
f )J.e CBHpajy )J.Ba Kaaana, 

,[I. a a Kasana .uaa jy .uypMa, 
fla Ce Ha3a,[.l OOBpHyna: 

"Aj.u' H3a~H , KanHH' BH,l.le 
,[l.a Tl1 B11,l.IHW ,l.IBa OB4apa, 15 

,[l.aa OB4apa ,l.IBa .l.lpyrapa, 
f ,l.le CBHpajy ,l.IBa Kaaana 

,[l.aa KaBana, ,[.IBajy.l.lypMa, 
Kpaj THX HawHX 6eJ1HX ,l.IBOpa!" 

Ta.l.l H3a~e neiDI BH,l.le: 20 
llyJTHje MY CHTHe 3Be3,l.le, 

Ha rpy.l.IHMa- jacHo CyHu.e 
Ha llJiellHMa jacHH Meceu.. 
flaK orpeja 3eMJby, He6o, 

3eMJby He6o, ropy, BO.l.ly, 25 
TpH llJiaHHHe, CHaa CTa,l.la, 

Oa4ape Ha JlllBa,l.laMa, 
EpreHe Ha 4ap.uali,HMa, 
HeBeCTHll,e Ha 4eCMaMa, 

Mna,[.le MOMe c nora4aMa 30 
CTape 6a6e KO.f\ or&HWTa, 
A H CTapu.e no Kp4MaMa. 

OH Ha3,[.1pasH caaKoj Kyliw 
"O.l.l £ora a aM ,l.I06po 3,l.lpasJbe." 

3 KanaJT je Hapo,l.IH11 ,nyBaqKH MY311qKH HHc-rpyMeHT, ca11paH Ha HCToKy Cp611je 11 y 
EyrapcKoj, y croqapcf(J{M Kpajea!1Ma.Y EyrapcKoj 11Ma 11 o6pe.nHy ynory. 
4 Peq ,jy,nypM" je Typll.l13aM, 3HaqeH.e 611 ce MOrJJO .[l3TI1 CaMO Offi!CHO, 1<30 ,.no6po 
ycarnarueHo" 11Jll1 ,,.no6po HarnTHMOBaHo" MH , caJayqHo" I1J1H ,y Ca,l.lejcray". Peq 
(,naHaC) 11M3 11 HeraTHBHy KOHOT3ll.l1jy, Ka,l.la Ce KOp11CTI1 OH.[la Ka,l.la rpyna .Thy,L(H 
C11HXpOH1130BaHO H opraiDI30BaHO o6aB a HeKy Kp11M11HaJTHy ,neJJaTHOCT, Ha npKMep 
Kpafjy. Ynpaao JaTo ruTo je peq crapa, c-rpaHa H 113KOlJJa 113 yno-rpe6e, oCTaB.Iberm je y 
npeao.ny TaKBa KaKBa jecTe. 06jauiJ'belbe peq11 .no611.JI11 CMO o.n Cacrno3apa PynHHCKor, 
capa.ZlHKKa 113 EyrapcKe. 
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.Z:U,yr11 CTHX HaM jaCHO Ka)!(e ,na je OSO o6pe,nHa, KOJie,napCKa (KyKepcKa) 
necMa, jep Hanes ca.np)i(11 ,Kyna.ne ne". _na je necMa cpncKa, Taj Hanes 611 rnac11o 
,Kone.no!" 11n11 ,Oj Kone.no!" Kone,napcKe necMe ce nesajy OKO nO)!(Mha, Ka,na 

,naHI1 nonaKo n0411l:bY ,na 611sajy cse .ny)!(M_ HaKOH KpaTKO,nHesJ-u~e . ATp116yT 
"KaJII1H" (B11,ne) aco~11pa Ha )!(eHcKy o6pe,nHy nosopKy KaJIHHapK115 , Koja je y 
HCTO speMe npona:mna cen11Ma 11 nesana csoje "Ka.rmHapcKe" necMe. l1CTI1 

aTp116yT 11Ma 11 CI1M60JIJ14HO 3Ha4el:be "MJia,[\O)!(el:ba" jep je KaJII1Ha (JiaT. 
Ligustrum vulgare) o6pe,nHa csaToscKa 611JbKa KaKo KO,n jy)!(HHX TaKo 11 KO,n 
11CT04HHX CnoseHa (Pyca6

) . 

l1ocne,nl:bl1 CTI1X noMI1l:be Bora an11 He Ka)!(e Ta4HO Kor. 3aTo osa necMa 

MO)J{e .na 6y.ne je,naH peJIMrl1jCKI1 CHHKpeTHJaM noKywaj MHpel:ba cTape 

CJIOSeHCKe sepe Ca HOSOM a MO)J{e ,na 6y_ne 11 CaCSI1M 411CT OCTaTaK CTape sepe, jep 
je BH.n jacHo HMeHosaH a l:beroso "Ha3,npasJbal:be" MO)J{e .na npe,ncTaBJba 11 l:beros 
COllCTSeHH 6JiarOCJIOS csaKOj Kytm. lJeCMa jaCHO Ka)J{e ,na BH,n rPEJE, WTO je 

nps11 ,nltlpeKTaH ,nOKaJ l:berose conapHe np11po.ne y3 ,jacHo Cy~e" Ha rpy,nHMa. 
BH,n je y 0411rne,nHoj se311 ca He6oM: CyH~e je Ha l:berosHM rpy,nMMa, 3se3,ne 

cy nyn11je (yKpacHa .nyrMa,n) Ha l:berosoM o.neny Mece~ MY je Ha nnel'ntMa. 

B11,nos H3JIA3AK rpeje Hapo.n cTa,na, ropy, so.ny, 3eMJby, He6o ... WTa 611 ocHM 
CyH~a, Momo cse TO ,na rpeje? JJecMa 4aK noMHl:be TPH JJJIAHHHE wTo Hac 
no,nceba Ha 'rpM 6p,na7 KOja cy 4eCTO llOCTOjaJia nope,n CJIOBeHCKHX CSe'rHX 

MeCTa, KaO H Ha 6pojHe nJiaHI1He Ha naJIKaHy KOje ce 30sy TpHrnas 11JIH Tpomas. 
CsHpKa .nsoj~e nacTHpa ca no4eTKa necMe 3SY4H Kao .neo o6pe.na HJIH MOJIHTsa 
3a H3Jia3aK conapHor 6o)J{aHCTsa. An11, Ha lhHxosy MOJIHTsy Cy~e (B11,n) He 

H3Jia3H o,nMax, Hajnpe H3Jia311 l:berosa HesecTa. Ko 611 MOrJia .na 6y.ne Ta HesecTa? 
Ko (H.J111 wTa) H3Jia3H Ha HCTOKY npe CYH~a? HapasHo, TO je "3se3,na" _na~a, 

.neH~a HJIH 3opHm~a KaKO Hapo.n Ha naJIKaHy Ha3Hsa nJiaHeTY BeHepy . .na 611 

CMO 6HJIH CaCSHM CHrypH.H, np04HTaneMO je,nHy CpllCKy HapO,nHy neCMy H3 
36HpKe Jarne JJpo,naHosHba (1925 , JKeucKe uapoorte njeCMe, necMa 6p. 314): 

_nesojKa je CyHl.(y rosopHJia: 
"JapKo CyHll,e, Jbenrua caM o.n Te6e! 

AKo Jll1 ce TOMe He sepyjew, 

5 0611LJaj je .uo CKopa 6110 caLJysaH KO.U Cp6a Ha Kocosy 11 MeTox11j11. 06pe.uHy nosopKy 
cy LJI1HI1JJe .uesojKe, o.u KOjHX je je.uHa 6tUJa MacKHpaHa Kao HesecTa, a .use Kao CTapu,H, ca 
.uymM 6eJJI1M 6pa.uaMa. Oc-rru1e yLJecHMLJ,e o6pe.ua cy 611Jie 6eJ MaCKH. (KyJJHIDHh, ill; 
TierposHh, Tierap, )£(; TiaHTeJJHh, Hmwna: ( 1998) CpncKu "''umoRoutKu pe'IHUK, 

ETHorpac):>cKH lffiCTMTyT CAHY, Eeorpa.n, CTp. 235). 
6 

ToRK06bU CJI06ctpb ;)ICU6020 6 eJlUKopycc Kozo R3blKa Bna,nHMHpa ,n:a.TJI,a: ( 1883-1886), 
06u.J,eCTsa mo611Tenei1 poccl1ilcKoi1 cnoaecHOCTI1, MocKBa (ToM 2, KMiffia) . 
7 E11orpac):>11 0 Ta EaM6epull<Or, E6o, Xep6op.n 11 HeHMeHoBaRI1 MOHax 113 MaHaCT11pa 
TipMc):>JJHHrep, orr11cyjy rpa.n BoJIJ1Ji , KOjH ce HMa3HO y no;rHo)f(jy TPH EP,n:A, Ha 
HajsHUJeM o.n THX 6p.na ce HMa3HO xpaM TpHTnaaa, cnoseHcKor 6o)f(aHCTsa ca TPH rnaae. 
Tp11 6p.na KO)l Hop,nHjcKor cseTl1JIHUlTa y Yncan11, oiTHcyje CaKe rpaMaTHK, a Mory ce 
Bl1)leTl1 11 )laHac. TipoCTop CBeTHJJHillTa je l1 ,naHac y o6nHKy Kpyra. 
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TH 113a~11 Ha TO pasHo He6o, 
Ja hy H3ah' y ropy, Ha so.uy!" 
Ka.uje jyrpo se.npo ocsaHyno, 
113na3Hno Ha He6o CyHalllu.e, 
A l)esojKa 3a ropy Ha so.ny. 
Y t-ne.na je n11jeno CyHalllu.e, 

Yrne.naje Kpo3jenoso rpal:be 
KoMK' ce je alllHK y•mHHno, 

Tp11nyT ce je CyHu.e 3ai1Jl)a.no, 
lla O,nBy4e JlHjeny ljesojKy, 

)J.a je y3Me ce611 3a Jby6osu.y, 
O.n l:be nocTa 3BHje3,na )J,a.HHU.a. 

Oso HHje je,nHHa necMa y Kojoj ce Tsp.n11 .na je conapHo 6o)f(aHCTso O)f(el:beHo 
"3sHje3,nOM" )J.aHI1ll.OM. ilOCTOj H H neCMa 113 )J,a.JIMa.LJ.Hje (XpBaTCKe HapO,nHe 
njecMe, K.tn. Vuk St. Karadzic, Zivot i obicaji naroda s1pskoga8 (1867) Do tupno 
na intemetu necMa 6p. 327), y Kojoj ce MO)f(,na nojasJbyje 11 11Me OepyHa (Oepe) 
cnoseHCKOr Bora rpoMa: 

J11,np11J10 ,npHBO Hl13 MOpe, 
Ha l:beMy OEPE sojso.na· 
Ha ITepy TaHKa KOlllyJba, 
Tal:ba o.u illiCTa MaRosa 

fyuilia o.n JII1CTa HapaH4e. 
MajKa MH ITepy rosop11: 

,O.zrKne Tl1, ITepe, KowyJba?" 
A ITepe l:bOj311 KaJyje: 

,Ka.ua ce CY HUE )f(eH11JlO 
ITpecBI1TJIOM 3B113.UOM )J.aHHLJ.OM, 

Ja caM joj 6110 3a KyMa. 
Ja caMjoj npcTeH .uapHBa' 
Y KOM cy CyHll.e 11 MHceu., 

A OHa MeHH .napHBa 
TaHeHy osy KowyJby." 

£TO, Ca,Ua HaM Ce 411HI1 KaO ,na CMO pel1l11J1H HeKaKaB CI1CTeM je,nHa4HHa Ca ,USe 
Heno3HaTe (spe,nHOCT11). CxsaTI1J111 CMO .na je Bu.n (Cse-ros11.n) 11CTO WTO 11 CyHu.e 
Tj. conapHo 6o)f(aHCTBO, a .ua je fberosa MHTCKa cynpyra nepcoHHcp11KOBaHa 
,,3se3,na" )J.aHHu.a. ITpsa necMa HaM je jacHo noKaJana npsy TBP.UI:bY (B11.n = 
CyHu.e) 11 yKaJa.na HaM Ha nocTojal:be l:berose MHTCKe cynpyre a OH,na cy HaM 
.npyre .use nee Me OTKpHne l:beH u,neHTHTeT ( cynpyra BH,Ua Hilli Cse-ros11,na = 
,,3se3,na" )J.aHHu.a). ,IToHawaJ:be" Te cynpyre je acrpoHOMCKH KopeKTHO. )J.a Jll1. cy 

8 Yuk St. Karadzic, Zivot i obicaji naroda s1pskoga (1867) Dostupno na internet: 
http :1/sr.wikisource.org/sr-ec 
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ose necMe (Kpymrn) ,l.\enos11 OCHOBHor MI1Ta o He6ecKoj np11pO.L\11 conapHor nora 
11 lherose cynpyre? 

3HaMo .L\a cy JbY.L\11 seoMa ,l.laBHO npen03Hanl1 CyHU.e Kao 113BOp )KI1BOTa. 
MHor11 ,l.lpesal1 HapO.L\11 cy 11MaJII1 csoje conapHe Borose. no TOMe CnoseHI1 He 
611 611J111 HHKaKaB 113Y3eTaK. 

HaMehy ce 11 HOBa nHTalha: KaKBe cy ce necMe nesane aKo, y speMe Bo)KH.ha 
BeHepa Hl1je 611Jla BH,l.\Jbi1Ba KaO ,[.{aHI1U,a sen Kao Be4eplha4a? KaKBe cy ce 
nesane aKo a11je 611na BI1.L\Jbl11la yonuJTe? Ha Kpajy, ,l.la n11 je Moryhe ,l.la <JeTHpl1 
llHKa CseTOBI1.L\a (B11,l.\a) 11Majy caMo je.L\HY cynpyry? HapasHO, HHje MOryhe 
11CTPa)J<HTI1 cse o.nje,l.\HOM, .L\OOO he 11 Ta 1111Talha Ha pe.L\ . 

,[{a je Ta4HO 11 OHO WTO cy peKJlH KaTOJli14KI1 MI1CI10Hap11 y fiOMepaHI1j 11 11 
llona6Jby, ,l.la je Bl1,l.\ (CseTOB11.L\) £or paTa, ysepasa Hac jow je,l.IHa cpncKa 
Kone,l.lapcKa necMa, 113 3611pKe ByKa KapaJ)Hha (1867 )f(ueom u o6uttaju rtapooa 
cpncKoza, CTP. 7 11 8), Koja .L\HpeKTHO noMH!he B11.L\a 11 lherosy HesecTy: 

Bojesao 6en11 B11.L1e, Kone,l.lo, 
Tp11 rO,l.\11He c KneTI1 Typu,11, 

A 4eT11p11 c u,pHH Yrp11 . 
Ka,l.la BH,l.\e c sojcKe .L\O~e, 

Ce,l.le B11.L1e ,l.la se4epa. 
CTa,l.\e rpOMOT, cTa,l.le TPOHOT, 

0Ko .L\BOpa BI1.L\Ojesa. 
,113~ ' Jby6o Te nome,l.laj, 

lllTa je rpoMoT, uJTa je TPOHOT, 
0Ko .L\BOpa B11,l.\ojesa!" 
Ka.L\ 113a~e sep~:~a Jby6a, 
Kolhl1 MY ce KOI111Tajy 
PMyjy ce rocno,l.lapy, 

illTO je CKOpO C BOjCKe ,l.\Olli 'O. 
Ji1 rony611 c Kp11JI ' Ma 611jy, 

Pa,l.lyjy ce rocno,l.lapy 
illTO je CKOpO C BOjCKe ,l.\Olli 'O. 

Ji1 y OBOj neCMI1, KOja je KOJle,l.lapCKa KaO 11 OHa 6yrapCKa, KOjy CMO MaJlO npe 
npOLJI1TaJIH, Bl1,l.\OBa !by6a (BeHepa Kao ,3Be3,l.la" Be4eplha4a) nojaBJbyje ce ,l.la 
norne,l.la wTa ce ,l.lewasa. BH.L\ onpas,l.laHo Hebe 113ahH, jep je ynpaso ceo (3awao) 
11 se4epa - u,eo ,l.\Or~aj ce O,l.\l1TpaBa yse4e. 

B11.L1 je paTHI1K, ·rp11 rO,l.\11He paTyje ca je,l.\HHM Henp11jaTeJbeM, 4e-mp11 ca 
.L\pyrHM. OsHM 6pojes11Ma je MO)K,l.\a HarosewTeHo TPOjCTBO aJll1 11 KBaTepHHTeT. 
Jow je llwTaropa 3Hao ,l.la TPOjcTso CHM6onHWe xapMOHHjy a KBaTepHMTe-r 
u,enoBMTOCT T.j. KocMoc. 

Kolhl1 cy, rrpeMa CaKcy rpaMaTI1Ky, yo6114ajeH11 arp116yr CseTOBI1.L\a (Bw,l.\a) 
11 360r TOra cy DOMeHyTI1 y OBOj neCMH. CHM60nHKa KOlha j e TeCHO DOBe3aHa Ca 
CyHu.eM jow O.L\ 6poH3aHor ,l.I06a. 0 TOMe nocTOje seoMa y6e,l.\Jbi1BI1 Hay<IHJ1 
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pa)J.OBI1. rony60BI1 (KaO 11 CBe 11TI1U,e) CI1M60J111WY )J.y we, KaKO )J.ywe :>KI1BHX, TaKO 
11 )J.ywe npe)J.aKa. 

TaKo CMO )J.0611nl1 11 no)).aTaK )).a je 811)1. y jacHoj se311 ca CyHu,eM )).a je 
6o)J(aHCTBO paTa, )).a je ,,.rocno)J.ap )J.ywa", )).a je 11CTospeMeHo TPOJe)).aH 11 
4eTBopoje)J.aH. BeHepa je HapaBHO y 6ni1311HI1. 

Osa necMa )J.aje 3a npaso HeHa)J.y JaHKosHhy : 113rne)J.a )).a cy 6anKaHCKI1 
CnoseH.H cTsapHo 3HaJIH )).a cy ,lJ,aH11u,a 11 Be4ep1na4a je)J.HO 11CTO He6ecKo Teno: Y 
6yrapcKoj neCMI1 o 811)1.y Kojy CMO npsy npo4HTaJII1, CyHt.Iesa HesecTa je jacHo 
,lJ,aHI1U,a. Y osoj nocne)J. I:hOj OHa je nepcOH11cp11KOBaHa Be4epl:ha4a. 

C11M1i0JIHKA H ,LUI.BHHAli,HJA 

AKo je ,3Be3)1.a" ,lJ,aH.Hu,a cynpyra spxosHor 6o)J(aHCTBa 04eKyjeMo )).a cy ce 11 
cynpyre 3eMa.JbC KHX BJ1a)J.apa CI1M60J1114HO H)J.eHT11cp11KOBaJle ca l:bOM. OecMa 113 
36HpKe Jawe npo)J.aHOBHha 3a6ene)J(eHa y CnaBOHI1jl1 (Opo)J.aHOBI1ll 1925 necMa 
6p. 335, CTP. 239), rosop11 ynpaso o TOMe: 

CaHaK CHHJ1a u,apl1l.l,a rocno~a , 

)).a ce se)J.po He6o nponoMMO, 
cjajaH Mjeceu, Ha 3eMJbl1l.I,Y nao 
a 3sje3)1.11l.l,e Kpajy np116erHyne, 
caM' ,lJ,aHHu,a ocTana caMHu,a. 

illTo je CHHJla, cse je noro)J.Ma: 
illTo ce se)J.po He6o nponoMHJ1o, 

TO cy u,apy pa3pyweHI1 )J.BOp11; 
wTo je Meceu, Ha 3eMJbl1ll.Y nao, 

TO u,apesa nory6JbeHa rnasa; 
wTo 3Be3)1.11l.l,e Kpajy np116erHyne, 

TO u,apese OCTane C11pOTe; 
WTO ,[l,aHl1ll,a OCTaJia CaMHu,a, 

TO u,apl1l.l,a 6Ma y)J.OBI1l.l,a. 

Os)J.e neMO ce CBaKaKO CeTI1TI1 )).a je BeHepa y MeconoTaMHjH Ha3HBaHa 
,CBeTJ1a KpaJbi1U,a He6a" H 6HJ1a nepCOH11cpill<OBaHa KaO 60rHI:ba J1HaHa. l1 TaMO 
Cy 110CTOjaJie COJ1apHe 11 nyHapHe )1.11HaCTI1je OB03eMaJbCKHX BJ1a)J.apa. 3a OHe 
npse, noMpat.Iel:be CyHu,a je CMaTPaHo nowHM npe)1.3HaKOM no )J.HHaCTI1jy 3a OHe 
)).pyre, TO je 611no noMpat.Iel:be Meceu,a. 

MOJIHTBA 

AKo je nnaHe-ra BeHepa KO)J. 6anKaHCKHx CnoseHa 6Ma nepcOH11cpOBaHa Kao 
6o)l(aHCTBO, 04eKHBaJIO 611 ce )).a joj ce ynytiyjy MOJ111TBe. Cne)J.etia necMa 113 
36HpKe ByKa Kapal,ll1.tia (KapaUHti, 1881, penpHHT 1989, Kl:h. 1 necMa 6p. 224) 
rosop11 ynpaso o TOMe: 
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PaHo paHH l)esoj'll1u.a 
H ,[(aHHLJ.Y BjepHO MOnH : 
,0 ,[(aHHU.e, o ceCTJmu.e 

. . . 
fiO)l.aJ MeHH CBJeTJlOCT TBOJY, 
)l.a HapeCHM MJla)l.OCT MOjy ... 

MonHTBa ose .nesoj Ke be 6HTH ycnHweHa y HaCTaBKY necMe. 
00CTOjH CJ1H4Ha 6yrapCKa HapO)l.Ha necMa (Ebll.2apcKO NapoOT-tO meop'iecmeo, 

KlhHJa 2, CTp. 447): 

,[(eHa H3 )l.Bopa Hl)awe 
H CHTHe cy3e pOHHme 

a npeMa He6y rne)l.arue. 
Ha He6y c11ja 3opHHu.a. 
,[(eHa 3opHHU.H Ka3yje: 

,30pHHJ.J,e, MHJla CeCTpHLJ.e, 
TH TaKO paHO H3Jla311lll , 

11 csaruTa jacHo norne)l.aru 
11 rope, cecTpo, 11 )).One. 

,[(a 1111 CH BH)l.ena, 3opHHJ.J,e, 
MOr Jby6JbeHora HHKony, 

HHKOJly MJla)l.Of BOjBO)l.y? .. . 

Y )l.albeM TOKy neCMe, 30pHHJ.J,a be joj O)l.fOBOpHTH H nOTaHKO HCOpH4aTH CBe 
lllTO 3Ha 0 petJeHOM MJla)l.OM BOjBO)l.H. ,[(eHa HnH ,[(eiDU.I,a je HMe )l.eBOjKe anH H 
)l.pyro 6yrapcKo HMe 3a 3opHHJ.J,Y (,[(aiDU.I.y). 

nocTOjH H Tpeba CJlHtJHa necMa, 3a6eJle)KeHa y tJaCOOHCy EocaflCKQ BUJlQ 

(1886. XXIV, CTp. 381): 

0 3Bje3l.\HJ.J,e, MOja OpeO)l.HHLJ.e 
OpeO)l.HJla C' He6o H 3eMJbHJ.J,y : 
JeCH 111 6HJ1a )l.O oy)l.HMa rpa.na? 

Jec' BH)l.HJla 6y)l.HMCKor CTesaHa? 
CrrpeMa nH ce CTeso y csaTose? ... 

Y cse TPH necMe, ,3se3)l.a" ,[(aiDU.I,a (3opiDlll.a) HJlH npeO)l.IDlll.a je jacHo 
nepCOHHqlHKOBaHa H MOfy joj Ce ynylllisaTH MOJlHTBe Ha KOje ce OtJeKyje 
o)l.rosop. H11je Ha~eHa HH je.nHa necMa r)l.e ce ,[(aHHU.H (3opHHJ.(H) HnH 
flpeO)l.IDU.I,H o6paba MYWKa OC06a, WTO YKa3yje Ha MOrybHOCT )l.a je KO)l. 
6anKaHCKJ1X CnoseHa OHa 6HJ1a cxsaheHa Kao 3aWTHTHHJ.J,a )KeHa. 

00CTOje H HeKOJ111KO OeCMaMa, KOje jel.\HOCTaBHO Ka3yjy y KOje Ce )l.06a HOhJ1 
O)l.BHja pa)l.l:ba necMe. Je)l.Ha O)l. TaKBHX je 3affilcaHa y XpsaTCKoj (XpeamcKe 

Napooue njec.Me, KfhHra 1, necMa 6p. 53) 
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JowTe HHje 3opa 3a6jenHna, 
H11 ,[laHHu,a nHwu,eM npoMoJ'bena, 
HH BnawHhH He6o npHnjewHnH. 

llTHU.a njesau. KpHllOM y,napHlla: 
llp11n11ny ce OTBOpH.We spaTa ... 

Ose nee Me ,noKaJyjy ,na je He6o 4eCTO H nroK.lbHBO nocMaTPaHo. 

3AK.JhyqAK 

lif3sopH 3a npoy4asaJ:be MHTonorHje JJ')KHHX CnoseHa 04Hrne,nHo nocToje. Y 
OKBHPY THX H3Bopa Mory ce TpruK11TH (11 HaJla3HTH) H 3Halna H seposal:ba o He6y H 
He6ecKMM TellHMa H ycTPojcTsy cseTa. Tpe6a HX nOHOBO nperne,naTH y cae'my 

HOBHX Ca3Ha l:ba apxeoaCTPOHOMHje H e'rHOaCTpOHOMHje. Y3 nyHy CBeCT 0 je3H'lKOj 
6apHjepH, He MO)!(eMO .ua ce Ha,UaMO nOM01iH CTPaHHX HCTPa)!(HBa<fa - senHHa 
H3sopa HM HHje ,nocTyflHa. Cse 4eTHpH necMe, Koje cy aHMH3HpaHe u,ene, 

carnacHo s11,ne nsraHeTy BeHepy Kao cynpyry spxoBHor cosrapHor 6o)!(aHCTsa, 
nocne,nl:be 4eTHpH yKa3yjy Ha seposaJ:be ,na OHa waJ'be npopo4aHcKe CHOBe H 
o,nrosapa Ha MOJIHTse. 

HeHa,n n. JaHKOBHli je npHMeTHO ,na nocTOje H necMe Koje ,[laHHu,y 
,neq)HHHWY Kao ,CyH<Jesy ceCTPHU,y, Mece4esy npso6paTY4e,ny". OsaKBa 

MHTOJIOWKa O,Upe,UHHl~a H11KaKO He HCKJby4yje MOrytiHOCT ,na je OHa H CyH4eBa 
HeBeCTa, jep y MHTOJlOrHjH HHje peTKOCT ,Ua ce BpXOBHO 60)!(aHCTBO )!(eHH CBOjOM 
ceCTPOM (rp<JKM nap 3esc 11 Xepa, Kao H erHnaTCK11 llle6 H HyT cy HCTOBpeMeHo 

H 6paT 11 cecTPa H 6pa4H11 nap). 
llowTo cnoseHCKO cosrapHo 6o)!(aHCTBO, BH,n, HMa 4eTHpH rsrase, T.j. 'IeTHp11 

csoja acneK"ra HJIH eMaHau.Hje, Moryne cy H ,npyre 6o)!(aHCKe napTHepKe. 

AcTPOHOMCKM O,UHOCH nsraHeTe BeHepe ca ,npyrHM He6eCKHM TesrHMa ce 
Me&ajy y TOKy speMeHa L£HMe 4eCTO Mory ,na ce o6jacHe H o,npeljeHe 
,KOHTPa,UHKl.J,Hje" 113Meljy TBp,UI:bH y pa3JIH411THM neCMaMa. 

Mo)!(e ce HCnuTaT11 11 Ka,na ce y TOKY ro,nHHe ,newasa 6o)!(aHCKa csa,n6a (HJI11 

XHjeporaM11ja) jep ce MHore Hapo,nHe necMe 6aJIKaHcKHx CnoseHa 6ase csa,n6aMa 
pa311114HTHX jyHaKa, Hap04HTO OHe enCKe, aJlH 11 MHOre mtpCKe 3anHCaHa je 

seJli1Ka rpyna csa,n6apcKHX necaMa. To je csaKaKo TeMa 3a HeKo 6y .uyne 
HCTPa)f{118afhe. 
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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 tmderstanding 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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AncrpaJ..-r . CyHYaffil qacosiD!K je qacosHHK KOjH MepH speMe npeMa noJlO)({ajy ~· 

Tiono)({aj cyt-n~a ce Me.H>a, OH)la ce Me.H>a H speMe Koje ceHKa noKa3yje. CyHqaHH caTOBH 
Mory .na ce npHJlaro.ne csaKoj rrospUJlfHH Ha Kojy cplfKCHpaHH o6jeKT 6a~a ceHey. CyHqaHH 
caTOBH noKa3yjy caMo ,nHeBHO conapHo speMe.CYHqaHe caTose cy IT03HaBaJIH y ErHmy. 
Pa3BHJJe cy HX H .npyre J..')'mype: KH:He3H, AHTWJKM fpU11 H PHMJI>aHH. Bpcra CYHqaHor 
caTa c ITOKa3KseqeM (rHOMOH) orrHcaHa je y CTapoM 3asery (HcaHja 38:2). CMaTpa ce .na 
je MaTeMaTKqap H acTpOHOM TeonocHje 113 nHTHHlfje (oKo 160. n. H. e. - OKO 100. n. H. e.) 
1nyMeo yHHBep3aJTHH CYHqaHH caT KOj.l1 je Morao .na ce KOpHCTH 6HJ1o r.ne Ha cseTy. Y 
osoM rrpHJlory .naneMo nperne.n r.ne ce Hana3e cywmHH caTOBH y Bojso,nHHH. Ko cy 
ayTOpH CaTOBa ? 113 KOfa speMeHa ITOTKqy. Y pa,ny tie 6HTH I1pHKa3aHe cpOTOrpacpHje 
cyHaqaHlfX carosa: CoM6op,3peH>aHHH, Kpyrue.non, TiaHYeso, KyMaHe, MoKpHH, 
CpeMcKoj M.I1:TpOBK~H,KH!arn,na. ,[{aTH no,naTKe o carosHMa 11: fbKXOBKM ayTopaMa, 3a Koje 
ce 3Ha ).la cy ayropH. 

1. YBO)J. 

lltnaJIH naopa (Yo6aHHHa): "I1Maw m 1 caT?" 
, W Ta be MH caT Ka,n ja HMaM cy~e". - O.nrosopw OH. 

"3HajTe .na Mopare cny)f(HTH He speMeHy, Hero 6ory " 
Cs. AraHacwje BeJIMKM 

" 1.Jacos11 npona:Je 11 om~yjy Hac " 
0Kc<Pop.n 

lloseK je o.n HajcTapwjwx speMeHa noKywasao .na OMeljH npeMepw H o,nMepH 
speMe, )f(eJlellH ,na KOHTpOJJHWe H OMeljH CBOjy KOHaYHOCT. lliTan no60)leH 
sepTHKaJIHO y 3eM.Jby, YHja CeHKa je yKa311BaJia ,no6a ,naHa - 2HOMOH, HajCTapHjH je 
HHCrpyMeH'f 3a Mepefbe speMeHa. rHOMOH je npepaCTaO y CYHYaHH CaT, KOjH HMa 
HCTOpwjcey, YMeTIDIYKY H KYJITYPHY spe)lHOCT. Cy~e je YOBeKOB HajcaspweHMjH 
11 HajcTapHjw car. "Ruit hora-q.ac ooMutte" zoeoptm.u cy cmapu Jlamwm. 
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CyH'-IaH.H caTOBH cy n03HaTI1 jow OA CTapor EmnTa, a pa3BI·tne cy I1X 11 Apyre 
K)'IIrype: KJtHecKa, cTaporp'-IKa 11 p11MCKa. Bpcn cyH'-IaHor ccrra c noKaJI1.Ba'-leM 
on11caHa je y CTapoM 3asery. Hajcnp11j11 n11caH11 TeKcT o cyH<IaHI1M 
'-laCOBHI1~HMa ,ll.aT11pa 113 732. fO,ll.HHe Jl.H.e. 

CMcrrpa ce Aa je MaTeMaTI1'-1ap 11 ac'rpOHOM TeoAOCHje 113 E11TI1H.Hje (oA 160 -
100. n.H.e.) ypa,ll.HO YHI1Be3apn.HI1 cyH'-IaHI1 caT Koj11 je Morao Aa ce KOp11CTH 6Hno 
r,ll.e Ha 3eMaJbCKOj KyrnH. ny3ene EjaHKaHI1 o6jaBI10 je Klhl1ry " Constructio 

instrumenti ad horologia solaria" y Kojoj Aaje ynycTsa 3a 113paAy caspweHor 
cyH'-IaHor ca-ra. <DpaHuycKH aC'rpOHOM OpoHc <D11He KOHC'rpy11cao je 1524. ro,ll.HHe 
CYH'-IaH.H CaT O,ll. CJIOHOBa'-le. YlTan11jaHCKI1 acTpOHOM DOBaHH 0a,ll.OBaHI1 o6jaBHO 
je pacnpasy o cyH'-IaHHM caros11Ma 1570 y KOjoj je ,ll.ao 11 ynYTCTBa 3a npanpeMy 
11 nocTaBJbal:be 3HAH11X seJYraKanHHX 11 xopaH.30HTanHHX cyH'-IaHI1X caTosa. 

Y se,ll.paM neTI:baM AaHHHMa CyHue o6acjasa npeAMeTe Ha 3eMJbl1 11 c-rsapa 
ceHKy/e Koja ce npas11nHo Kpehe, ynope,ll.o ca poTa~HjoM 3eMJbe, OKO csoje oce. 
Yo6aH.H cy npaTaJ~H csojy ceHKY Aa 611 ce opHjeHTHCanH KOJlliKO je npH6nmKHO 
ccrr11 Aa 611 CTOKY Tepan.H K)'lll1. Oc11M nH'-IHe ceH.Ke, OH.H cy KOp11CTMH 11 
'-I06aHCKH WTan. Jhy,ll.H cy pa3MHWJbaJII1 KaKO ,ll.a HCKOp11CTe CYH'-IeBe 3paKe ,ll.a 611 
Hanpas11n11 HeKH ypet)aj KOjl1 he OApetjl1saTH speMe. KaAa je seApO no cyH'-IaHOM 
ccrry MO)I(e ce O,ll.pe,ll.11TI1 npH6nH)I(HO speMe. nocTOje pa3He spcTe cyH'-IaHax 
carosa, a HajnonynapHHjl1 je ,,JbyACKH cyH'-IaHH ccrr" (Human sundial). CyH<IaHH 
CaT Ce 113patjyje y WKOJICKaM ,ll.BOpHWTHMa, napKOBaMa jaBH.JiM llOBpWHHaMa 
L(pKBaMa KynaMa 6oraTHX AOMallHHa jep ra je HeMoryhe yKpaCTH 11 yH.aWTHTH. 
CyH'-IaHH ccrr o,ll.peljyje speMe npeMa nono)l(ajy CyHL(a. nono)l(aj CyHL(a ce Meina, 
na ce Mel:ba 11 speMe Koje ceH.Ka noKaJyje. Cy Hl/aHu cam no.wwtzy ceHKe tu.Jte 

noKG3yje npaBo Bpe.Me, cy Hl/eBo BpeMe, Kao oopG3 cmBapHo2 noJUXJtcaja Cy m4a t-ta 

He6y. Cy HI.f.mtu camoBu noKG3Y}Y caMo oueefto co!lapHo epe;He. 

Y :JtcuBomy Kopucmu.Mo cpeOI-be Bpe.Me (3oHcKo), Koje mel.f.e paefto.Mep~-to . 3a 

06Y Ul-tmepaKmU61f)l UI-LCmGJI.Gl.{Ujy nompe61-1a je KOpUCI-tUK06a Cel-tKa 30 npUKG3 

mal/N02 30NCK02 BpeMel-ta. 

2. CAT Y CPEMCKOJ MHTPOBH.I.J,H 

,Y nponehe 1981. ro,ll.HHe OTKpHBeH je y CpeMCKoj MHTposH~a y 6n.H3HHH 
CTapor npaBOCJiaBHOr rp06Jba, cpparMeHTOBaHH paMCKa CyH'-IaHH CaT, H3paljeH 
KaO cno)l(eHa sajapcKa KOMn03HL(Hja ca TPH JbYACKe cp11rype y npHpOAHOj 
semt'-IHHH. CyH'-Ial:U1 CaT llOCTaBJbeH je Ha npaBOyraOHOj llJI0'-1.11 , y JIOfiTaCTO 
113,ll.y6JbeHoj ocHOBH. OcTana je HeowTeneHa caMo je,ll.Ha TPeliHHa caTHOr 
MexaHH3Ma, KOjH HOCH y06H'-IajeHO HMe , CKacpe" . 00 03H.a'-leHOj ,ll.aTyMCKOj JIHHHjH 
B11AH ce ,ll.a je paljeH npe~H3HO 3a reorpacj:>cKy wapaHy CapMHjyMa. BeoMa 
CJIO)I(eHa aC'rpOHOMCKO-MaTeMaTH'-IKa aHan.H3a llOKaJana je ,ll.a je Ca'f MOpaO 6HTH 
seoMa Ta'-laH .11 ,ll.a je Ha l:herosy ype3aHy AaTYMCK)' nHH.Hjy csaKor 21. MaJYra 
na,ll.ana ceHKa 11 noKaJHsana ,ll.a je npoWJio rOAHHY ,ll.aHa. PaAHjaJIH.e nHH.Hje HCfiOA 
rora cny)I(J1ne cy 3a o6ene)l(asal:be AHeBHI1X cyH'-IaHI1X caTH." CyH'-Ial:l.l1 ca-r ce 
CBaKaKO HaJia3110 H.a HeKOM 6oraTOM May30nejy Ha 3alla,ll.HOM paMCKOM rp06Jby y 
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C11pM11jyMy'' To je yje,aHo 11 HajcTap11jl1 cyH<IaHI1 caT y Hawoj 3eMJbl1 11 aMa 
orpoMaH yMe-rHM4KM 11 Hay4HM 3Ha4aj. " (MMnowesHh, 1985). 

CJluKa 1: CyH'-IaHH caT y CpeMcKoj MI1TpOBHJ..J.I1. (Cl>oTO J. Byi..J,a). 

,£oraTI1 rpaljaHMH C11pM11jyMa KpaTHIIO llan11je npe,aoceT11o je I 00-Te 
ro,ai1.He Hose epe ,aa MY je 6n113y Kpaj )l(J1BOTa. Ka,aa je ,aHKTHpao TecTaMeHT, 
nocnpao ce ,aa rpajHo oseKose411 nopo,a11ey flan11ja, Koja je y C11pM11jyMy aMana 
yrne.a 11 npocnep11Te-r. 3a l:beros May3onej ,aonpeMaH je 6ena MepMep ca OCTpsa 
£pa4. llo3sao je sajapa 11 acTpOHOMa-MaTeMaTI14apa. Bajap je y Jby,acKoj 
seni1411.H11. 113pa,a11o CTaTyy ATnaca nereH,aapHor sol)y T11TaHa y 6op611 npOT11B 
3esca. flocne 3esCOBe no6e,ae, ATnac je Ka)f{J:beH ,aa Ha CBOj"'-M nneni1.Ma HOCI1 
'lliTaBI1 He6eCKI1 CBO,a. YMeCTO He6eCKOf CBO,aa, OH Ha nneli11.Ma HOCI1 CYH4aHH 
cso.n" (ManowesHh, 1985). 

3. BETEPAH EE3 rPEWKE 
CyH'IaHu caT y CoMoopy 

CyHlJaHH car ce Hana311 Ha cpaca,n11 p11.MOKaTOJUflJKOr )f(yfiHor .nsopa 11 
nocTasJbeH je Ha Bl1.l\HOM noJby. JbenoTa 113rne.na osaKBor caTa npana,aa 
HeKa,aatiJJ:heM npocpecopy 11 ynpasi1TeJby CoM6opcKe YYI1TeJbCKe wKone JosaHy 
qoKopy. JosaH je poljeH 1810. ro,n"'-He y £aj11, a yMpo 1871. ro,naHe y CpeMCKI1M 
Kapnosi..J,I1.Ma. JosaH qoKop, 6110 je npocpecop MaljapcKor je311Ka ne.naromje, 
MeTO,ni1.Ke, yrapcKe 11CTop11je 11 apT11.MeTI1.Ke y coM6opcKoj CpncKoj y'lliTeJbcKoj 
WKOnl1 (flpeoapaH,n11j11). YnpasHI1.K ose wKone je o.n 1847 .no 1852.ro,ni1He. qoKop 
ce aMarepcKH 6as110 aCTpOHOMI1jOM. 113 CoM6opa JosaH je omwao y ono6py 
1853. ro,n11He, y CpeMCKe Kapnosi..J,e. Ty ce 3aMOHawi10 y MaHacrnpy Kyse)f(,n"'-H 
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Ha <!>pywKoj rop11, y3eswH MOHawKo HMe Jyn11je. OaTJ)Hjax Paja'll1n ra wan,e y 
Ee4, .na H3Y4H WTaMnapcKe sewnme. noCJleOibU" , EGY EZEKBOL 
YEGORAD!". 

Ka.na ce spamo y CpeMcKe Kapnosue, JosaH 1858. ro.nHHe, 6y.ne 1-lMeHosaH 3a 
yrrpaBHHKa cpncKe MHTpononHTCKO-rHMHa311jCKe WTaMnap11je 11 ry pa.n11 .no 
1865. f0,ll.I1He, 11 6y.ne 110CTaBJbeH 3a apX11MaH,ll.p11Ta MaHaCT11pa fpa6osau y 
Eapa1:1>11. Ko nocMa·rpa osaj caT, yo'i11be .na je I-l3Mel)y w1111Ke 11 6poj4aHI1Ka 
HaCJII1KaH aHl)eo 11 ne-rao KOjl1 KYKYPI14e 11 HajasJbyje 3opy. l1cno.n 6poj4aHI1Ka je 
KpynHHM cnOBI-lMa Han11caHo: ,,Jeoau mu je oo oaux 

Osaj HaTI111C 113a311sa HeM11p KO.ll. rrponaJHI-lKa. MHpHo onoMI-ll:be Ha 
rrp01Ia3HOCT, HeMMHOBHOCT CMJITI1 11 KOHa4HOCT JbY.ll.CKOf )1(11BOTa. 

CJJuKa 2: JleBo: O.n neTna .no aHl)ena- cyH4aHw caT y CoM6opy; 
.necHo: JosaH YoKop. 

BeJbKO lleTpoBHli cpncKM KfbH)I(eBHMK HaJLHcao je nene cTwxose nocsebeHe 
cyH4aHOM cary, BepoBaTHO MHcnwpwcaH cyuttauu.M camo.111 Koju je ZJleOao y ca0.111 
BO/belt./11 poouo;lf Co.1116opy. 

Horas non nwnero nisi serenas 

HaneTe npa.MeH o6mtKa Ha cym..~.e . 11 Hecma ceHKe, Ka:Ja./bKe, Ha I'IJIO'lU . 

,ll,a n je TO speMe crano? 6ap 3a Hac, 3a noi<Jioi{J{J(e csernoCTM, 6MCTpMHe? 

To un o MM JbyJlM , HeMYw 11, 30BeMo speMeHOM, seKOM, ro.nMHoM, rpeHyTKOM, 
TO 3jeno Be4HO, Mp34HOf JlOCTOjafba, IUTO 611JJOM CBOjl-lM Mepl-lMO T3H)'l{KI-lM, 
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11 MarHOBeH~-tM, 11p0JiaJHI-1M yCXI1TOM, f,lle Cy 11 OCe, ri0JIOBI1, 6e36pojHI1, a CBe 11 HI1WTa 
11CTO, riO.Llje.LliiaKO, mpe WTO ,llOJie, JieBO WTO 11 ,lleCHO, 11CTOK 11 Jana)l KO Cesep 11 jyr; 
cse caMe pe'-IH 11 o6MaHe Hawer, KO BO.IleH u_se-r npeKpaTKOr 611TI1Caiha. 

,[{OK Ha311peMO 11 CJiyx.THMO nnaxo, O,[(BaCy)l KaKO np11TH'-Ie 11 HOCI1 HeJayCTaBHOf 
mr -rpajaA>a TOK, KO paJjanJbeHe npaJHe w:Ko Ke Ill)'M, noTMYJie nJIHMe, 

nyse Hoh11 xyK ... 

Crora "'eKaj: 3seJ.na t.[J{M oneT npoc11ja, 11 ceHKa c-rpene, TaKHy-re y )f<HJKy, 
na)lHe Ha 6pojKy 11 Ha TaHKH 3ape3. IlpeHI1 ce, Heile npHyTH Hll qacaK, a, 
CBe Ce njaHO y CBeTJIOCTI1 TOnl1! 

11 u_se-r, KO )leTe Ha o6paJy c KanJbOM, HaCMenmhe ce pyi..(JI lllTO ra 6epe, 
11 KHUIHa MJlaKa, y japr..]' Kpaj ny-ra, 
y 3PUaJIO ce He6eca npe-rsapa!. .. 

4. MAHACTHP Y KPYWE,li,OJIY 
nor je rocnoJJ,ap uamer speMeua 

B eJbKO n eTJ)O BHll 

Cmu.:a 3: CyH'-13HH caT y Kpywe.n.ony. Cl>oTo T. Cl>HJJHI10BH1i. 
.l1Me ayTopa OBara caTa HHCaM npoHawao. 
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5. CAT Y llAH4EBY 
l>pOjHM C3MO Be,llpe TpeH)'TKe TBOf3 ji(HBOT3 

Y rpa.ny 0aH4eBy cy BOjHe H UHBHJIHe 3rpa.ne npojeKTOB8JIH HH)f(el:bepCKH 
oqHUJ.HpH . I13rp8)ll:bOM je PYKOBO)lHO Majop <l>najwMaH. nnaHCKa yp6aHH38J..f.Hja 
0aH4esa npHrrHcyje ce 6pH.ra)lHOM reHepany MHXOBH.JIY MHXan,esHhy, KOjH je 

rpa.noM ynpaBJbao o.n 1816 . .no 1831. fO)lHHe. Y l:berosoj ryhH Koja je 
Hanpasn,eHa 1750. ro)lHHe, 611110 je ce)lHWTe BaHaTCKe sojHe rpaHH.~.J.e <IHjH je 
KOM8H)l8HT 6110 MHxOBHJI MHxaJbesHh. 

HaKHa)lHO je Hajy)f(HOj cpaca.nH 3rpa.ne ypal)eH cyH4aHH caT(***, 1982). 

CJIHKa 4: CYH48HH cary llaH4esy. 

He nocTojH T848H no.naTaK o ro)lHHH rpa.nl:be cyH48HOr caTa, aJIH ce BO)lH .na 
je Hanpasn,eH OKO 1750.fO)lHHe. 3B8HH4HHX 110)l8T8K8 0 TOMe KO je Ha!1p8BHO 
CYH48H CaT, HeMa. I1Ma C8MO .[(Be npeT110CT8BKe: npsa )l8 je CyH~I3HH CaT 
HanpasHna rpyna 3aHaTnHja, H .npyra, .na je yMeTHHK, KOjH je HanpasHO nOJYrpeT 

MH:xan,esHha Ha 3H)ly, HarrpasHO H cyH48HH car.. Je.nHocnpaTHH yrao 3rpa.ne 
3aTsapajy y~e HHKOJie Tecne 11 llerpa ,AparuuHHa. <t>aca.na HMa ce.naM rrp03opa 
H8 jy)f(HOj CTp8HH H CYH48HH CaT, )lOK je H8 HCT04HOj C'Cp8HH. Cpe)ll:bH )leO 

H8fJ181UeH pyCTHKOM H 6aJIKOHOM Ca Orpa)lOM O)l KOB8H0f fBO~a (*** 1982). 
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CJJHKa 5: JlenOTaH Ha jy:>KHoj CTJ>alili ymw,e- cyH4aHJ1 CaT y llaH4eBy. 
<DOTO P. nep11li. 

Ca_nailllbl1 BJ1aCHI1Kje .LJ.ywaH M . nyp'illH a)J,BOKaT. y CKJIOrry eyne .li.P)I(H 
anOTeKy, Koja HOCI1 Ha311B ,KO/.( CYH'lAHOr CATA" . )J;ywaH M. 1'l.yp4HH J<a)l(e 
)J,a 01:1 H11je BJiaCI:II1K u,ene eyne, BeD CaMO je)J.HOf CTaHa Ha cnpaTy, )J.OK je OCTaJIO 
)J.p)l(aBHa HMOBI1Ha3 

6. CYHlfAHH CAT Y 3PElbAHHHY 
3anaMTH .QeTe, ja OJHa'laBaM speMe Koje TH ryoum 

CaT ce HaJia311 Ha 3rpa.n.11 EKOHOMCKe lllKOJie y 3pel:baHHHy. Mcno.n. l:bera 
nawe: Epoju.~u auw cyn'ltme came. AYTOP c<rra je Mp KpcTe HayMOBCKI1, 
npocpecop a Mypan je ypa.n.ao Mp ManyTHH MHli.Hli npocpecop. CaT je ypa~eH 
1995. ro.n.11He. 

CJJHKa 6: )J;aH ~:~acTaje norryT ceHKe. - CyH4aiD1 caT y 3pel:baHHHy. 
<DOTo T. MyH liaH. 
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7. CYH'IAH.H CAT Y KYMAHY 
CeHt~a Teou, Cyuu.e Meuu. 

Y KyMaHy, Ha 3a6a-ry Kyhe AHije TpHcpyl:banm, hepKe HeKa,D.awl:ber B.llaCHHKa 
Jla3e Tp11cpyl:bamha ceocKor 6ep6epHHa, yme,D.He J1114HOCTI1 cena KyMaHe 
HaJla311 ce cyH4aHH caT. Kyha je HanpaBJbeHa 1912. ro,D.HHe, a caT seposaTHO 
ypa~eH ,D.Ba,D.eceTHX ro,D.HHa XX seKa. Ose no,D.aTKe .D.0611o caM O.lJ. .D.P ,ll.yWKa 
JleTHha, npocpecopa Ha TeXHJ14KOM cpaKymeTy , M. nynHH" y 3pel:baHimy. ,ll.aHac 
je TO Ylll1~a 11se Jlone P116apa 6p. 20. Ha cary KOjH je yKpaweH , MO)!(e ce 
411TaTI1 nona caTa 11 ueo caT. 

C JJHKa 7: CyH4aiDI caT y KyMaHy . <t>om. ,ll.. JleTHh. 
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8. CATOBH Y KHKHH,li.H 
0BaKO npOJ1a3H CJlaBa 

Ka)J. Cyuu.e rpeje ja ce cMejeM 

CnuKa 8: CyH4aHM caT y KHl<HH)J.H. ct>oTO B. CpereHosHli. 

Ha KHKHH.L\CKOj npaBOCJiasHoj u,pKBH HaJia3H ce cTapH cyH4aHH car, pa.n 
Hen03Hamr ayropa. 

CnuKa 9: CyH4aHM caT y KHKHH.L\H <l>oTo. B. CpereHosHli. 

CyH4RHH car KOjH ce HaJia3H Ha 3rpa,l.\H ABMa ypaljeH je 2002. ro.nHHe, .na 6H 
KmotHljaHe no.ncenao Ha .naHe Ka.na je 6HJio TOTaJIHO noMpa<Ie&e CyHu.a y osoM 
rpa.ny 1999. ro.nHHe. 3rpa.ua ce HaJia3H y u.eHTPY rpa.ua. CaT cy YPR.LlHIIH npo<jl . .up 
MHJiyTHH Ta.nHli ca feorpa<jlcKor <jlaKymeTa y Eeorpa.ny H rrpo<jl . .np llerap B. 
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By~a ca BHCOKe TexHHLI.Ke mKone c-rpyKOBHHx CTY.llHja y 3pel:baHI1.Hy. ,ll.HCK o.n 
rmme HanpaBHO je npocpecop MMnopa.n KHe)l(eBiill 11.3 £awa11.na. 

BpanaM cyu.,auu cam Ha oHo speMe 
Koje HI1WTa He OTKyUaBa, 
I1 HHllJTa He OKOH4aBa. 

0 , TO MHJI03BY4HO 6e3BpeMeHO BpeMe, 
Wm HHje cy3a HHje ceHKa, HHje 6peMe 

noKo Cmoj'lun 
Ben11K11 npaca.K 

(,ll.e411je HOBI1.He - ropl:b11 MHJiaHOBa~) 

9. CYH4AHU CATHA MOKPHHCKOJ QPKBU 

XpaM y MOKpHHY 11.3rpa~eH je 1762. ro.nHHe 11 nocseneH je cseTI1M 
apxaHreJli1Ma MMxaHJJy 11 rasp11ny. XpaM ce HaJia311 y ~eH-rpy cena. Ha ~pKB11, Ha 
11CT04HOj cTpaHM, Hana311 ce cyHLiaHI1 carr. AYTOP Hl1je no3HaT. Carr je ypa~eH 29. 
cemeM6pa 1817. ro,ni1.He. 3a MOJIOBaJ:be cyHLiaHor can 113,llBOjeHo je 94 cpopHHTe 
11 58 Kpaj~apa (l.(JJKBeHa KJ:bl{fa paLiyHa). 

CJIHKa 10: CyHLiaHM caT y MoKpMHy. ct>om n. By~a. 
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10. CYH4AHH CAT Y THTEJIY 

CJJHKa 11: CyH4aHM caT y TwTeny. <DoTo A. HHKOJIHn. 

CaT ce Haml3t1 y ueHTPY rpa.ua. HHje BH)lJbHB, jep ce HaJia3H y napKy. HeMa 
HMeHa ayTOpa HHTH Ka)lje pa~eH. 

llpHIIHKOM 'I'pa)l(el:ba fiO)laTaKa 0 CYH'IaHMM CaTOBHMa 3aKJby4HO CaM )la HX 
HMa HajsHWe Ha upKsaMa, a ManH 6poj Ha npHBaTHHM eynaMa. Ka.ua cy camsw Ha 
npHBaTHHM KynaMa, OH)la Cy TO 6HJIH 60J'aTH )lOMallHHH. J.1HTepeCaHTHO je )la 
HHr)le HeMa 3a6eJie)l(eHo HMe ayTopa cyH'IaHMX camsa, HH ro.n.HHa EbHXOsor 
nocTa BJbal:ba. 

HajsHWe cyH'IaHHX camsa HMa y EaHaTy y Bojso.uHHH. 3awTo!? MHCJIHM 
3aTO WTO Cy oaHaOaHH 6HJIH, Bpe,li.HH, THXH H 6oraTH H BOJIHJIH CaTOBe KOjH pa)le 
THXO 11 He'lyjHO, a yseK Cy Ty. 

JluTeparypa 

** *: L 982, Kama!I02 U3!loJIC6e "KyflfnypHo ucmopujcKu cno.kteHUt{u " ,IlaH<teeat(.
zpaoumelbcKo HaCJlelje" , HapO)lHI1 My3ej y llaHYeay. 

MilliOwealill lleTap: 1985, CyHY3HI1 c<rr 113 Ci1pM11jyMa, CmapuHap XXXVI, 
ApxeOJJOWKI1 11HCTI1TYT, Eeorpa)l. 
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SUNDIAL WALTZ 

A sundial is a c lock 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 fi xed 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 culh1 res: 
the Chinese, the Ancient Greeks and the Romans. The type of sundial with a poin ter 
(gnomon) is described in the Old Testament (Isa iah 38:8). It is beli eved that the 
mathematician and astronomer Theodosius of Bithynia (about 160 BC - about I 00 BC) 
invented an universa l sundial that could be used anywhere in the world. In this report we 
will g ive 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, Pancevo, Kumane, Mokrin, Srem ka 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. IN PERSON 

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: Ognya n Kounchcv and Vladimir Srcckovic 
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. Popovic 
09:25 - 09:50 Dejan Urosevic: PROPER MOTIO OF Cyg LOOP FILAMENTS 
09:50- IO: 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 Vukcevic: 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 Topic APPLlCATIO S OF PHOTONICS IN 
EXOPLANETOLOGY 

12:30-14:30 Lunch 
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Chair: Ni kola Pctrov 
14:30 - 14:55 Milan . Dimitrijevic: THE MODIFIED EMIEMPlRlCAL 

METHOD (1980-2020) 
14:55 - 15:20 Srdan Bukvic: A TROPHY !CALLY I TERESTING STARK 

PARAMETERS MEASURED I LASER- I DUCED PLASMA 
15:20 - 15:35 Magdalena Christova: STARK BROADENING OF Bell 

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 Dimitrijevic: STARK BROADENING OF 
Co II LINES I STELLAR ATMOSPHERES 

16:05 - 16:35 Coffee break 

Chair: Dcjan Urosevic 
16:35 - I7:00 Aleksandra Bajic VE US I THE MYTHOLOGY OF THE 

SOUTHERN SLAVS 
17:00 - 17:25 Milan S. Dimitrijevic MYTHOLOGICAL ORIGIN OF 

CONSTELLATIONS A D THEIR DESCRIPTION: ARATUS, 
PSEUDO-ERATOSTHE ES HYGI US 

17:25 - 17:40 Aleksandra Bajic: A PAIR OF MO UMENTAL MEDIEVAL 
BOSNIAN UMBSTO E (STECAKS) FROM DONJA ZGOSCA 

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

Sunday, September 27 

Chair: Vladimir Sreckovic (EUROPLANET SESSION) 
10:30- 10:40 EUROPLANET INFORMATION 
10:40- 11 :05 Aleksandra Nina: ACTIVITIES OF SERBIAN SCiENTISTS IN 

EUROPLANET 
11:05- 11:30 Niko1a Vese1inovic: COSMIC RAY FLUX MEASUREMENTS AT 

BELGRADE COSMIC RAYS STATION DURING SOLAR 
CYCLE24 

11 :30 - 1 I :55 Ognyan Kounchev Georgi Simeonov: SOME APPLICATIONS 
OF WAVELET ANALYSIS TO PHE OME A 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 Kounchcv 
09:55 - I0:20 Goran Damljanovic: GAIA DR3 A D SOME RESULTS OF 

SERBIAN-BULGARIAN COOPERATION 
I0:20 - 10:35 Milan Stojanovic: SERBIAN-BULGARIAN OBSERVATIONS OF 

GAIA ALERTS (GAIA-FU -TO) DURING 2019 
10:35 - 10:50 Miljana Jovanovic: COLOR V ARIABlLITY OF SOME QUASAR 

iMPORTANT TO THE ICRF --GAIA CRF LINK 

10:50 - 11:20 Coffee break 

Chair: Milan S. Dimitrijcvic 
II :20 - I I :45 Viktor Afanasiev: A NEW APPROACH TO MEASURING THE 

SIZE OF THE DUST SUBLIMATION REGION IN AGNs 
11:45 - 12:10 Dragana llic, Lyuba Slavcheva-Mihova: THE REVERBERATION 

MAPPING OF QUASARS IN TOTAL AND POLARIZED LIGHT 
12:10 - 12:25 Elena Shablovinskaya STOKES POLARIMETER FOR I-METER 

TELESCOPE 
12:25 - 12:40 Djordje Savic: BROAD LINE POLARIZATION IN ACTIVE 

GALACTIC NUCLEI: 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:IO 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 llic 
14:30-14:55 RadePavlovic: LUCKY IMAGING AT AS 

VIDOJEVICA:PRESENT STATE AND FUTURE PLANS 
I4:55 -I5:IO Svetlana Boeva: OSCILLATIONS IN KRAur AT MINIMUM 
I5:10- I5:25 Yordan Darakchiev: DEEP LEARNING FOR CLASSIFICATION 

OF LONG PERIOD VARIABLE STARS IN THE LOCAL 
GROUP 

I5 :25 - I5:40 Stanislav Milosevic: -BODY SIMULATIONS OF STELLAR 
STREAMS, BARS, SHELLS A D RINGS IN SPIRAL 
GALAXIES 

15:40- 16:00 Coffee break 
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Chair: Rumen Bachev 
16:00 - 16:25 Nikola Petrov: SHADOW BA D A D RELATED 

ATMOSPHERIC CO DITIO REGISTERED DURING 
TOTAL SOLAR ECLIPSE 

16:25 - 16:40 Yanko Nikolov: SPECTROPOLARlMETRlC OBSERVATIONS 
OF THE RECURRENT NOVAE 

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

Chair Masa Lakicevic 
17:00 - 19:00 Poster presentation 

20:00 Conference dinner 

Tuesday, September 29 

Chair: Viktor Afanasiev (Elena Shablovinskaya) 
10:00- 10:25 Jelena Petrovic EVOLUTIO OF MASSIVE BINARY SYSTEMS 
10:25-10:50 Evgeny Mikbailov: NO-Z MODEL FOR MAGNETIC FIELDS OF 

ACCRETION DISCS 

10:50-11:20 Coffee break 

Chair: Andjelka Kovacevic 
1I :20- 11 :45 Branko Dragovich: ON COSMOLOGY OF NONLOCAL 

GRAVITY 
1I :45- I2 : 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 

POl. Bojan Arbutina ON THE DISTRIBUTION FUNCTION OF PARTICLES 
AT QUASI-PARALLEL COLLISIONLES SHOCKS 

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

P03. Daniela Bon eva MID-CYCLE OBSERVA TIO S OF CR Boo AND 
ESTIMATION OF THE SYSTEM PARAMETERS 

P04. Natalie Jane MILUTIN MILANKOVIC AND ASSOCIATES IN THE 
CREATION OF THE "KANON" 

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

P06. Aleksanclra Kotarski STORM ACTIVITY OYER BALKAN REGION 
DURING MAY 2009 

P07. Kostadinka Koleva, Rositsa Miteva PRESE TATION OF THE PROJECT 
"ERUPTIONS, FLOWS AND WAVES I SOLAR ATMOSPHERE AND 
THEIR ROLE IN SPACE WEATHER" 

P08. Andjelka Kovacevic SUPERMASSIVE BLACK HOLE BINARY 
CANDIDATE PG I302-I02 : OSCILLATIONS AND PERTURBATION IN THE 
PHOTOMETRIC LIGHT CURVE 

P09. Jelena Kovacevic Dojcinovic THE SPECTRAL PROPERTIES OF THE 
LARGE SAMPLE OF AGN TYPE 2 

PlO. Masa Lakicevic THE SPECTROSCOPIC CORRELATIONS AND MODEL 
OF DUSTY HYPERBOLOID WITH A THIN DISK 
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Photo on the back cover: Participants of the 12th Serbian-Bulgarian Astronomica l 
Conference held in hotel Moravica, Sokobanja (Serbia) from 25-29 September 2020. It 
wa a blended conference where a small number of participants were pre ent in Sokobanja 
( hown on third panel of first raw). 
First row: Sasa Simic (Serbia), Jelena Kovacevic DojCinovic (Serbia), Borde Savic 
(Serbia), Sladjana Marceta-Mandic (Serbia), Dejan Urosevic (Serbia), Luka C. Popovic 
(Serbia), Nikola Petrov (Bulgaria), Ljube Bojevski (North Macedonia), Milan S. 
Dimitrijevic (Serbia), Sasa Topic (Serbia), Georgi Simeonov (Bu lgaria), Ognyan Kunchev 
(Bulgaria), Vladimir Sreckovic (Serbia), Aleksandra ina (Serbia) ; 
Second row: Aleksandra Kolarski (Serbia), Andjelka Kovacevic (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 Lakicevic (Serbia), Rade Pavlovic (Serbia), Goran Darnljanovic 
(Serb ia), Miljana Jovanovic (Serbia), Zorica Cvetkovic (Serbia), Milan Stojanovic 
(Serb ia), Orlin Stanchev (Bulgaria), Rositsa Miteva (Bu lgaria). 
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