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Abstract. In this work we present a comparative analysis of two filament/prominence
eruptions (EP) driven by helical kink instability. First EP on 2010 March 30 presented a
kink induced confined eruption of a single magnetic flux rope (FR) followed of partial FR
reformation, which was associated with coronal mass ejection (CME). The second EP on
2014 May 4 represented kink induced eruptions of two coupled FRs of the same filament
that were interacting and splitting during the eruption. The first FR underwent a confined
eruption followed of FR reformation while the second FR underwent a successive partial
eruption, which was associated with CME. The physical processes in the EPs environments,
such as magnetic emergence, cancellation or shearing, reconnection signatures, overlaying
magnetic arcades and the activity events accompanying the eruptions were analyzed. This
work laid special emphasis on specific conditions, which are crucial for the type of the filament
eruptions and their kinematics and evolution.

Key words: Sun; Solar Prominence Eruptions; Coronal Mass Ejections; Magnetic Fields;
Multiwavelengt Observations

Introduction

The kink instability is one of the basic physical mechanisms that drive fila-
ment eruptions (e.g., Bi et al., 2011; Liu et al., 2007). Recent observations of
kinking filament eruptions, including full, partial, and failed eruptions reveal
that the type of eruption depends on the interactions of the filament with its
magnetic environment (Gilbert et al., 2007). The EP on 2010 March 30 evolved
as a height-expanding left-handed twisted loop with both legs anchored in a
chromospheric plage region. The EP reached a maximum height of 526 Mm
before contracting to its primary location, where it was partially reformed in
the same place two days later. Nevertheless, this eruption triggered a CME
observed in LASCO C2 (Koleva et al., 2012). The EP on 2014 May 4 con-
sisted of two coupled filament FRs (FR1 and FR2) located along the same
polarity inversion line, i.e. in the same filament channel in a quiet solar region.
Only the FR1 eruption was associated with CME (Dechev et al., 2018). First
event was observed as an EP above the limb from AIA/SDO, while in the
EUVI/STEREO B field-of-view (FOV) it was viewed as a filament eruption
(FE). Second event was well observed as an EP above the limb from ATA/SDO
and EUVI/STEREO-B, while in the EUVI/STEREO-A FOV, it was observed
as a FE (Fig. 1). The associated CMEs were well observed in LASCO C2 FOV.

1.Analysis and Results

The EP on 2010 March 30 revealed three distinct phases: prominence activa-
tion, an eruption with acceleration, and an eruption with a constant velocity
(Fig. 2a). Its kinematic parameters given in Table 1 are typical for a single
FR failed eruption.
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HIGHLIGHTS

e The EP source was two coupled filament segments in a quiet solar region.

e Eruption belongs to the class of causally linked eruptions of two coupled segments.

e EUV signatures suggest magnetic flux and current transfer between filament segments.
e The segments have same helicity over the critical values for kink instability to act.

e Two segments produced successive (partial) and failed kink-induced eruptions.

ARTICLE INFO ABSTRACT

Article history:

Received 7 March 2017

Revised 18 August 2017

Accepted 1 September 2017
Available online 14 September 2017

In this work, we report results from the study of a filament/prominence eruption on 2014 May 4. This
eruption belongs to the class of rarely reported causally linked eruptions of two coupled flux tubes (FTs)
of a quiet region filament. We made a comparative analysis based on multiwave observations from Solar
Dynamics Observatory (SDO) and Solar Terrestrial Relations Observatory (STEREO) A and B combining the
high temporal and spatial data taken from three different viewpoints. The main results of the study are as
follows: (1) The source of the eruptive prominence consists of two coupled FTs located near the eastern
limb: top-located one (FT1) and bottom-located one (FT2). (2) FT1 and FT2 had the same helicity, i.e. left-
handed twist and writhe. Their untwisting motion during eruption suggests that kink instability seems
to act. (3) The kinematic evolution of the FT1 suggests a slow successful eruption that was associated
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ﬁares ) | with a slow CME. (4) The FT2 exhibited failed kinked eruption with a non-radial propagation followed by
U\?gr';fjtifﬁ?fo 08y its reformation. This eruption was accompanied of apparent mass draining in the legs, flare-ribbons and

Multiwave observations post-flare EUV arcade.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

It has been widely accepted that the filament/prominence erup-
tions, coronal mass ejections (CMEs), and flares, are three differ-
ent manifestations of a large single physical process, whose en-
ergy source is derived from the free energy contained in sheared
or twisted coronal magnetic fields (e.g. Forbes, 2000; Lin et al.,
2003; Su et al.,, 2011). Observationally, the eruptive prominences
(EPs) are frequently associated and physically related to CMEs and
flares (Tandberg-Hanssen, 1995; Forbes, 2000; Priest and Forbes,
2002; Lin et al., 2003) and some of them are followed by two rib-
bon flares (Choudhary and Moore, 2003; Chandra et al., 2011).

Observed in white light, CMEs are often seen as a three-part
structure of a bright CME leading front (rim), followed by a dark
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cavity, and a bright core (e.g. Illing and Hundhausen, 1986; Gib-
son et al., 2006; Chen et al., 1997; Chen, 2011; Vourlidas et al.,
2013). The cavity is suggested to be the upper portion of a heli-
cal flux rope with an EP at its bottom that is a white-light coun-
terpart of the CME bright core (e.g. Munro et al, 1979; House
et al, 1981; Low, 1996; 2001; Chen et al, 2006; 2014). In re-
cent years, the typical rim-cavity-prominence coronal mass ejec-
tion (CME) morphology has been hypothesized to be the result of
underlying magnetic flux-rope (FR) geometry. This hypothesis has
been applied to the description of prominences, CMEs, and to com-
bined FR-Prominence-CME structures (see e.g. Krall and Sterling,
2007; Green and Kliem, 2009, for detailed reviews).

An outstanding question about CMEs and EPs structures is
whether they are driven by a pre-existing FR through ideal
processes, such as loss of equilibrium or magnetohydrodynamic
(MHD) instabilities (e.g. kink or torus), or by non-ideal (resistive)
processes, i.e., magnetic reconnections, which either lead to expul-
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HIGHLIGHTS

¢ A sequence of four homologous prominence eruptions of confined type is analysed.

e Homologous behaviour during the pre-eruptive phase is found in 17 GHz radio data.

e A new (fourth) criterion for homology is defined.

e Maximum height increase of each consecutive eruption-an important homology feature.
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The present study provides important details on homologous eruptions of a solar prominence that oc-
curred in active region NOAA 10904 on 2006 August 22. We report on the pre-eruptive phase of the
homologous feature as well as the kinematics and the morphology of a forth from a series of promi-
nence eruptions that is critical in defining the nature of the previous consecutive eruptions. The evo-
lution of the overlying coronal field during homologous eruptions is discussed and a new observational

Keywords: criterion for homologous eruptions is provided. We find a distinctive sequence of three activation periods
Solar prominences each of them containing pre-eruptive precursors such as a brightening and enlarging of the prominence
Eruption body followed by small surge-like ejections from its southern end observed in the radio 17 GHz. We
Initiation

analyse a fourth eruption that clearly indicates a full reformation of the prominence after the third erup-
tion. The fourth eruption although occurring 11 h later has an identical morphology, the same angle of
propagation with respect to the radial direction, as well as similar kinematic evolution as the previous
three eruptions. We find an important feature of the homologous eruptive prominence sequence that is

Propagation
Reformation
Radio emission

Microwave
Radio burst the maximum height increase of each consecutive eruption. The present analysis establishes that all four
Type 11l eruptions observed in Ho are of confined type with the third eruption undergoing a thermal disappear-

ance during its eruptive phase. We suggest that the observation of the same direction of the magnetic
flux rope (MFR) ejections can be consider as an additional observational criterion for MFR homology. This
observational indication for homologous eruptions is important, especially in the case of events of typical
or poorly distinguishable morphology of eruptive solar phenomena.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The relationship between eruptive prominences (EPs) and other
eruptive solar phenomena such as CMEs and flares (e.g. St. Cyr and
Webb, 1991; Subramanian and Dere, 2001; Schrijver et al., 2008;
Chandra et al., 2010) suggests that the three eruptive events of-
ten occur in the same large-scale coronal magnetic field configu-
ration (e.g. Forbes, 2000) in which the EP occupies a limited vol-
ume at its base. It is commonly accepted that solar prominence
(filament) eruptions frequently accompany coronal mass ejections
(CMEs). Thus, studying the pre-eruption phase, origin and evolu-
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tion of EPs gives additional information relevant to CMEs’ launch
and propagation.

The observations and studies of early stages of prominence
eruptions, i.e. prominence pre-eruptive activation, are crucial for
the understanding of the signatures and pre-cursors of forthcom-
ing solar eruptions. The observations of prominence motions be-
fore and near the eruption onset can provide information for the
coronal magnetic field evolution during the pre-eruptive stages
(e.g. Sterling et al., 2012). Multi-wavelength studies of the pre-
cursor signatures for eruptions, such as pre-eruptive brighten-
ings in microwave, extreme ultraviolet (EUV), and X-ray emis-
sion changes are necessary to reveal the processes involved in
the prominence destabilisation. In particular, microwave observa-
tions can show the full temporal and spatial prominence (filament)
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ABSTRACT

Context. We study a sequence of eruptive events including filament eruption, a GOES C4.3 flare, and a coronal mass ejection.

Aims. We aim to identify the possible trigger(s) and precursor(s) of the filament destabilisation, investigate flare kernel characteris-
tics, flare ribbons/kernels formation and evolution, study the interrelation of the filament-eruption/flare/coronal-mass-ejection phe-
nomena as part of the integral active-region magnetic field configuration, and determine He line profile evolution during the eruptive
phenomena.

Methods. Multi-instrument observations are analysed including He line profiles, speckle images at Ho—0.8 A and Ha + 0.8 A from
IBIS at DST/NSO, EUV images and magnetograms from the SDO, coronagraph images from STEREO, and the X-ray flux observa-
tions from Fermi and GOES.

Results. We establish that the filament destabilisation and eruption are the main triggers for the flaring activity. A surge-like event
with a circular ribbon in one of the filament footpoints is determined as the possible trigger of the filament destabilisation. Plasma
draining in this footpoint is identified as the precursor for the filament eruption. A magnetic flux emergence prior to the filament
destabilisation followed by a high rate of flux cancellation of 1.34 x 10'® Mx s~! is found during the flare activity. The flare X-ray
lightcurves reveal three phases that are found to be associated with three different ribbons occurring consecutively. A kernel from
each ribbon is selected and analysed. The kernel lightcurves and He line profiles reveal that the emission increase in the line centre is
stronger than that in the line wings. A delay of around 5-6 min is found between the increase in the line centre and the occurrence of
red asymmetry. Only red asymmetry is observed in the ribbons during the impulsive phases. Blue asymmetry is only associated with

the dynamic filament.

Key words. Sun: activity — Sun: flares — Sun: filaments, prominences — line: profiles

1. Introduction

Solar flares are powerful solar phenomena that are believed to
be driven by magnetic reconnection resulting in plasma heat-
ing and particle acceleration. They can be observed as emission
enhancements across the entire electromagnetic spectrum, from
radio to y-ray wavelengths. Flares are considered as phenom-
ena initiated in the corona since radio and hard X-ray emission
at flaring sites were discovered (Shibata & Magara 2011, and
the references therein). For decades, the chromospheric response
to flares has been investigated by using He filtergrams. Flaring
sites observed in Ha show spectacular phenomena such as fil-
ament (prominence) eruptions and flare ribbons (bright regions
in the chromosphere along the magnetic neutral line); Ha ker-
nels, which are very bright and compact He emission sources
embedded in flare ribbons, are also common features appearing
during a flare. They are believed to be the locations of high-
energetic particle precipitation. More details about solar flares
can be found in several reviews (e.g. Hudson 2007; Benz 2008;
Shibata & Magara 2011; Fletcher et al. 2011).

Although flares have been observed at chromospheric tem-
perature since the He filter was invented in the 1930s, the precise

* Appendix A and movie associated to Fig. A.4 are available in
electronic form at http://www.aanda.org

Article published by EDP Sciences

mechanism(s) by which energy release in the corona drives chro-
mospheric emission bursts, called ribbons or kernels, has not
been well established. A two-dimensional magnetic reconnec-
tion model called CSHKP (Carmichael 1964; Sturrock 1966;
Hirayama 1974; Kopp & Pneuman 1976), suggests that the
plasma surrounding a null point in the corona is heated such that
high coronal pressure, thermal conduction, and non-thermal par-
ticles (mostly electrons) can efficiently carry energy from the
magnetic reconnection site in the corona to the lower solar at-
mosphere along the magnetic field lines (Magara et al. 1996).
Thermal radiation from soft X-rays, EUV, and UV can also con-
tribute to this process, but this contribution was found to be very
small (Allred et al. 2005). Other more recent works have raised
questions about the viability of this mechanism in the light of
recent observations (Fletcher & Hudson 2008) and suggested
Alfvén wave propagation as an alternate energy transport mech-
anism from the corona to chromosphere during flares (Russell &
Fletcher 2013).

Although He filtergrams provide a wealth of information on
the dynamic morphological evolution of the flare in the chro-
mosphere (Hudson 2007, and references therein), full He line
profiles have powerful diagnostic potential for understanding
the physical mechanism driving solar flares. Based on a static
model, Canfield et al. (1984) calculated Ha profiles of flare chro-
mospheres produced by different mechanisms (see the previous
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Abstract. We present very rarely reported case of an eruptive prominence (EP) com-
posed by both hot, bright flux rope (BFR) and cool massive flux ropes (MFR) and
associated partial-halo coronal mass ejection (CME). Using SDO and STEREO A and
B multi-wavelength observations, we examined in detail the eruption of EP flux ropes
(FRs) and their associated activities in a complex magnetic configuration located be-
neath a multiarcade helmet streamer. We establish the sequence of activities appearance
involved in casually linked chain of events on 2014 March 14: short-lived active region,
surge eruption, EP BFR rising, EP BFR and MFR merging and interacting, EP common
FR fast rise, flare, EP FR bifurcation, partial-halo CME with bi-component bright core,
impulsive flare, post-flare loop arcade. A surge-like event in the northern EP footpoints is
determined as the possible trigger of the bright FR appearance beneath the cool, massive
FR. Plasma draining in this footpoints is identified as the precursor for the EP eruption.
We find that the EP FRs merging at the fast-rise onset and their splitting in the phase of
strong acceleration are the main triggers for the flaring activity. Studying the eruptions
of EP hot and cool FRs with their associated CME, we find that they are co-spatial with
the CME bright core, i.e. the hot and cool EP FRs produced bi-component CME bright
core.

Key words: Sun; Solar Prominence Eruptions; Flares; Coronal Mass Ejections; Multi-
wavelengt Observations

Introduction

The solar prominences (known as filaments, when they are observed on
the disk) are dense and cool material suspended in the hot and thin solar
corona along polarity inversion lines (PILs). They are found in magnetic
dip regions located in two main magnetic configurations: a sheared arcade
and a flux rope. In the sheared arcade configuration, the arcade connects
the opposite polarities on either sides of a PIL, whereas in the case of the
flux rope configuration the magnetic field has helical magnetic structure
(Mackay et al., 2010). It is commonly accepted to divide filaments into
three types according to their locations on the solar disk: active-region,
intermediate, and quiescent filaments (e.g. Engvold, 1998; Mackay et al.,
2010).

It is widely accepted that prominence/filament eruptions are often one
aspect of a more general single eruption that can produce a solar flare and
a coronal mass ejection (CME) (e.g., Hirayama, 1974; Shibata et al., 1995;
Moore et al., 2001; Forbes, 2000; Priest & Forbes, 2002). These three erup-
tive phenomena are usually considered to be connected with each other, and
they may be different manifestations of the same magnetic energy release
process in the corona (e.g. Shibata et al., 1995; Forbes, 2000; Moore et al.,
2001; Priest & Forbes, 2002; Sterling et al., 2012). Many studies of the rela-
tionship between eruptive prominences (EPs), solar flares and CMEs (e.g.,

Bulgarian Astronomical Journal 28, 2018
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Abstract. The subject of this paper is the existence and stability of solar cycles with
durations in the range of 20-250 years. Five types of data series are used: 1) the Zurich
series (1749-2009 AD), the mean annual International sunspot number Ri, 2) the Group
sunspot number series Rh (1610-1995 AD), 3) the simulated extended sunspot number
from Extended time series of Solar Activity Indices (ESAI) (1090-2002 AD), 4) the
simulated extended geomagnetic aa-index from ESAI (1099-2002 AD), 5) the Meudon
filament series (1919-1991 AD). Two principally independent methods of time series
analysis are used: the T-R periodogram analysis (both in standard and “scanning window”
regimes) and the wavelet-analysis. The obtained results are very similar. A strong cycle
with a mean duration of 55-60 years is found to exist in all series. On the other hand, a
strong and stable quasi 110-120 years and ~200-year cycles are obtained in all of these
series except in the Ri one. The high importance of the long term solar activity dynamics
for the aims of solar dynamo modeling and predictions is especially noted.

Key words: solar activity; solar cycles; methods - indices, extended solar data series

Introduction

It is usually accepted that the length of the so called “secular” (centurial)
or Gleissberg solar cycle is about 7 or 8 Schwabe-Wolf’s sunspot cycles, i.e.
~ 80-90 years. The corresponding oscillation has been detected by different
methods since the middle of 1940ies in the instrumental sunspot data series
(see e.g. Gleissberg, 1944; Vitinskii, 1973) and until present days (e.g. Kane,
2008). Using tree rings *C data series (INTCAL93), Damon and Sonett
(1991), Peristykh and Damon (2003) found that ~88 year solar cycle exists
and could be traced during the last 11-12000 years (post-glacial epoch,
Holocene). It has been also found in these studies that such quasi-centurial
oscillation is modulated by other longer bi-millennial 2000-2500 year cycle
(usually called “Hallstadtzeit”).

During the middle and the second half of the 20th century quasi-periodic
oscillations, which are comparable with the Glessberg’s sunspot cycle have
been established in many solar, geophysical, climatic, and other environ-
mental processes (see e.g. Schove 1955, 1983; Rubashev, 1963; Javaraiah et
al., 2005). On the other hand, it has been also found that in many cases
there is not a clear 80-90 year solar cycle (SC), but rather one or more
quasi-cyclic oscillations, which are slightly shorter or longer than the “clas-
sic” Gleissberg cycle. Still in the middle of 1950ies, Schove (1955) has found
that in the auroral activity during the last ~2600 years there is not a sin-
gle 78 year cycle, but rater few oscillations with sub- and quasi-centurial

Bulgarian Astronomical Journal 25, 2016



Three successive eruptions of a prominence observed
by the coronagraph in NAO - Rozhen
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Abstract. A study of a rare event of three successive prominence eruptions observed with
the Ho coronagraph at the National Astronomical Observatory (NAO) — Rozhen is pre-
sented. The eruptive prominence is situated in active region NOAA 10904 and is associated
with a narrow coronal mass ejection. The kinematics of the successive eruptions was analysed
and compared. The obtained results suggest that the evolution of the eruptive prominence
and the kinematic parameters of its successive eruptions are consistent with the so-called
“homologous” eruptive events on the Sun.

Key words: solar eruptive prominences

1. Introduction

Solar prominences (or filaments, when observed on the disk) are formed and
maintained above the magnetic polarity inversion line (PIL), in a magnetic
structure called a filament channel, in which the filament can be supported by
the magnetic field (see for review Martin, 1998). In terms of the magnetic en-
vironment of the PILs, there are three essential cases of prominence formation:
(i) in weak magnetic fields at high latitudes (called polar crown prominences);
(ii) in active regions (ARs), and (iii) at the borders of ARs or between two
closely situated ARs (e.g. Leroy, 1989 for review). The final stage of a promi-
nence is almost always an eruption (Filippov and Den, 2001) or in the case of
a filament, the so-called “disparition brusque” (Raadu et al., 1987; Schmieder
et al., 2000), when the filament faints away and disappears.

The relationship between eruptive prominences (EPs), large-scale eruptive
phenomena such as CMEs and flares (Subramanian and Dere, 2001; Schrijver
et al., 2008; Chandra et al., 2010; Yan et al., 2011), suggests that the three
eruptive events occur in the same large-scale coronal magnetic field (e.g. Forbes,
2000; Li and Zhang, 2013). A three-part structure of a bright loop (helmet
streamer), a dark cavity, and a prominence core often exists in the quiet corona
(e.g., Gibson et al., 2006). The cavity is suggested to be the upper portion of
a helical flux rope with cool filament material suspended at its bottom (e.g.,
Low 1996, 2001). CMEs exhibit an equivalent three-part structure: the bright
core (EP), the dark cavity and the leading edge (e.g., Illing and Hundhausen,
1986). Thus, a detailed study of the origin and evolution of EPs is essential
for a good understanding of their role in triggering CMEs (Schmieder et al.,
2013), which will lead to a good ability to forecast CMEs and associated space
weather.

Various studies indicate that prominences can erupt in many different ways
depending on the prominence magnetic environment at all levels of the solar at-
mosphere and the physical processes occurring there (e.g. Joshi and Srivastava,
2011 for reviews). Solar prominences exhibit a range of eruptive behaviours,

Bulgarian Astronomical Journal 21, 2014
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ABSTRACT

We report observations of the flickering variability of the recurrent nova RS Oph at quiescence
on the basis of simultaneous observations in five bands (U BV RI). RS Oph has a flickering
source with (U — B)y = —0.62 £ 0.07, (B — V) = 0.15 £ 0.10 and (V — R)g = 0.25 £+

0.05.

We find for the flickering source a temperature 7' ~ 9500 £ 500 K, and luminosity Ly ~
50-150 Ly (using a distance of d = 1.6 kpc).

We also find that on a (U — B) versus (B — V) diagram, the flickering of the symbiotic
stars differs from that of the cataclysmic variables. The possible source of the flickering is

discussed.

The data are available upon request from the authors.

Key words: binaries: symbiotic — stars: individual: RS Oph — novae, cataclysmic variables.

1 INTRODUCTION

In the symbiotic recurrent nova RS Ophiuchi (HD 162214), a near-
Chandrasekhar-mass white dwarf (WD) accretes material from ared
giant companion (e.g. Hachisu & Kato 2001; Sokoloski et al. 2006).
It experiences nova eruptions approximately every 20yr (Evans
et al. 2008), with the most recent eruption having occurred on 2006
February 12 (Narumi et al. 2006). Fekel et al. (2000) found that RS
Oph has an orbital period of 455 d and give red giant and WD masses
of 2.3 Mg and close to 1.4 M, respectively, with a separation of
a = 2.68 x 10" cm between the components. For the range of
spectral types suggested (Worters et al. 2007) for the red giant in
the RS Oph system, its radius is smaller than its Roche lobe, and
accretion on to the WD may occur only from the red giant wind.
The flickering (stochastic light variations on time-scales of a few
minutes with an amplitude of a few x 0.1 mag) is a variability ob-
served in the three main types of binaries that contain WDs accreting
material from a companion mass-donor star: cataclysmic variables
(CVs), supersoft X-ray binaries and symbiotic stars (Sokoloski
2003). The flickering of RS Oph has been detected by Walker
(1977). The systematic searches for flickering variability in symbi-
otic stars and related objects (Dobrzycka, Kenyon & Milone 1996a;
Sokoloski, Bildsten & Ho 2001; Gromadzki et al. 2006) have shown

*Based on data from Bulgarian observatories Rozhen and Belogradchik.
tE-mail: rkz@astro.bas.bg (RKZ); sboeva@astro.bas.bg (SB); bachevr@
astro.bas.bg (RB)

© 2010 The Authors. Journal compilation © 2010 RAS

that among ~200 symbiotic stars known, only nine present flicker-
ing — RS Oph, T CrB, MWC 560, Z And, V2116 Oph, CH Cyg, RT
Cru, o Cet and V407 Cyg.

Here, we investigate the flickering variability of RS Oph in the
UBVRI bands and discuss its possible origin.

2 OBSERVATIONS

On the night of 2008 July 6, we observed RS Oph simultaneously
with four telescopes equipped with CCD cameras. The 2-m RCC
telescope of the National Astronomical Observatory (NAO) Rozhen
equipped with a dual channel focal reducer was observed in U and
V bands. In the U band, a Photometrics CCD (1024 x 1024 pixels,
field of view of 4.9 x 4.9 arcmin?®) has been used, and in the V band a
VersArray 1330B CCD (1340 x 1300 pixels, field of view of 6.3 x
6.3 arcmin?). The 60 cm Rozhen telescope was observed in the
R band (equipped with an FLI PL09000 CCD with 3056 x
3056 pixels and field of view of 5.7 x 5.7 arcmin?), the 50/70
cm Schmidt telescope of NAO Rozhen in the B band (SBIG
STL11000M CCD, 4008 x 2672 pixels and field of view of 16
x 24 arcmin?) and the 60 cm telescope of the Belogradchick As-
tronomical Observatory in the / band (SBIG ST8 CCD, 1530 x
1020 pixels and field of view of 6.4 x 4.2 arcmin?).

On the night of 2009 July 21, we observed RS Oph simultane-
ously with three telescopes. The 50/70 cm Schmidt telescope was
observed in the U band, the 60 cm Rozhen telescope in repeating B
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TECHNIQUE FOR TRACKING AND VISUALIZATION OF
MOTION IN SEQUENCE OF IMAGES OF THE SOLAR CORONA

PETYA PAVLOVA"? and KOSTADINKA KOLEVA®

"Technical University Sofia, branch Plovdiv,
*Institute of solid state physics — Bulgarian Academy of Sciences
e-mail: p_pavlova@gbg.bg
I Institute of astronomy, Bulgarian Academy of Sciences, Bulgaria
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Abstract. The material represents specialized methodology for tracking and visualization
of the motions in sequence of pictures of the solar corona. The performance includes:
1. Preliminary processing of each frame: initial analysis and elimination of atmospheric
scattering of light, image improvement using Gaussian filtering and a sharpen filtering
for emphasizing of the contours;
2. Processing to the series: clipping the area from the currently processed frame,
alignment of the clipping area with the same area in the initial frame, forming an image
from the maximal brightness for each pixel of each picture of the sequence, calculation
of the time-spatial gradient, determining of the direction of gradient changes and visu-
alization of the motion by transfer to saturation and colour hue for each pixel.
This technique is used for development of a special computer program working with
pictures in FITS and JPG graphic formats.
The results from testing the technique on the sequences of images from solar corona-
graph of NAO Rozhen are shown.

1. INTRODUCTION

The term Solar prominences (SP) is used to describe a variety of objects, ranging
from relatively stable structures with lifetimes of many months, to transient phe-
nomena that last hours or less. Most commonly they are observed at the solar limb
in the time of total solar eclipses or through solar telescope — coronagraph. The
prominences are wonderful demonstration of that part of the local magnetic fields
that affect to our life penetrating by the earth atmosphere. The form and move-
ment of prominences trace the configuration and evolution of the local magnetic
fields. During its evolution the prominences could be disturbed by external factors
that affect on the plasma movement. These disturbances varied from temporal ac-
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Optimization of a motion tracking and mapping
method based on images of the solar corona
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Abstract. The study presents the current stage of development and application of a
motion tracking and mapping method, based on solar corona images. The object of dis-
cussion is the problem of image processing during the extraction of features of interest
in the sequence of solar prominences images. At first the method requires calculating
techniques that ensure processing time-period commensurable with the time-period of
the fastest developing part of the prominence body. That defines the necessity of op-
timization of the basic algorithms. The paper describes results of test procedures on
accepted approaches for reducing the operation time by parallel processing of the im-
ages. The method also requires presentation of the lightness information independently
of the sensor of particular coronagraph and image file format. This investigation proposes
two techniques for achievement the identity of images from different instruments/sensors.

Key words: image processing; solar images; parralel programming; image exchange

Introduction

The method for motion tracking and mapping, based on solar corona im-
ages (Pavlova, Koleva, 2008; Pavlova et al., 2010) proposes an ability for
modeling the dynamical changes in solar prominences during its evolution.
However, to obtain a correct model for image processing we have to ensure
an optimal accuracy and reliability of the extracted features, fixed as 2D
compass directions of layers. The test has been conducted on sequences of
images that include several elements - an artificial moon visible as a black
half circle, the solar corona with bright prominences above the moon and
near them - background of a shining Earth atmosphere. A correction for
Earth rotation was also applied, using some static elements in the images
as a reference.

Since the object of interest are only the moving prominences’ parts, the
background shining was removed before the main process of the compass di-
rections extraction. The method supposes a usage of calculating techniques
that ensure at first - an optimal time-period for image sequences process-
ing commensurable with the time period of the fastest developing parts of
the prominence (several minutes), and second - a presentation of the light-
ness information independent from the sensor of particular coronagraph and
image file format.

For this purpose all the processing is executed by specially developed
software. We used images from two different instruments - Small Coron-
agraph (130/3450 mm) at the Astronomical Institute of Wroclaw Univer-
sity, Poland and 15-cm Lio-coronagraph mounted at NAO Rozhen. The
sequences were registered with H,, filter. All filtegrams from Wroclaw coro-
nagraph were degitized with the automatic Joyce-Loebl microdensitometer
at National Astronomical Observatory Rozhen, Bulgaria to fits format files.
The images from NAO were obtained with digital camera Canon EOS 305D
(8 Mpxs) in jpg file format.

Bulgarian Astronomical Journal 24, 2016
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ASYMMETRIC FILAMENT ERUPTION FOLLOWED BY TWO-
RIBBON FLARE
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Abstract. We report the first results from the study of an asymmetric eruptive prominence
(EP) that appeared on 01 Nov 2014 and was followed by a two-ribbon solar flare. The
ejection triggered a fast coronal mass ejection (CME) that was well visible in the LASCO
C2 field of view. The morphology and kinematics of the EP and two-ribbon flare were
examined by multi-channel observations from AIA/SDO and SoHO/LASCO. Initially, the
EP slowly rose and then it sharply ejected up with a strong acceleration producing the
CME bright core. The evolution of two-ribbon flare is morphologically characterized by
separation of the two ribbons in the chromosphere. The ribbons' separation showed two-
stage evolution: first one with relatively fast decelerating motion and very slow second one
with low constant velocity. Such separating motion is believed to provide a signature of the
reconnection process occurring progressively higher up in the corona.

1. INTRODUCTION

Solar filaments (or prominence when observed on the limb) are relatively cool
(10* K) and dense (10" -10" cm™ ) plasma objects embedded in the hot (10° K)
and tenuous (10° cm™®) solar corona (Tandberg-Hanssen 1995). Very often
filaments displays eruptive motions. Solar prominence eruptions is one of the most
energetic active phenomena of the Sun, during which about 10** kg plasma can be
thrown out from the chromosphere and low corona to the interplanetary space.
Hence, the prominence eruptions has an important impact for the space weather
manifestations. Filament eruptions are closely associated with CMEs.

Filaments are often observed to erupt asymmetrically. During the so called
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Abstract. We present results on the correlation analysis between the peak intensity of the
in situ proton events from SOHO/ERNE instrument and the properties of their solar origin,
solar flares and coronal mass ejections (CMEs). Starting at the RHESSI mission launch
after 2002, 70 flares well-observed in hard X-rays (HXRs) that are also accompanied with
in situ proton events are selected. In addition to HXRs, flare emission at several other
wavelengths, namely in the soft X-ray (SXR), ultraviolet (UV) and microwave (MW), is
used. We calculated Pearson correlation coefficients between the proton peak intensities
from one side, and, from another, the peak flare flux at various wavelengths or the speed of
the accompanied CME. We obtain the highest correlations with the CME speed, with the
SXR flare class and with MWs, lower ones with the SXR derivative, UV and 12-50 keV
HXRs and the lowest correlation coefficients are obtained with the 50-300 keV HXRs.
Possible interpretations are discussed.
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MULTI-WAVELENGTH OBSERVATIONS OF AN
ERUPTIVE PROMINENCE ON 7 AUGUST 2010
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Abstract. We aim to investigate the morphology and kinematic evolution of a helically-
twisted quiescent prominence. The kinematic pattern during the main stages of prominence
eruption were studied, using data from both ground-based and space born observatories. The
prominence environment and related activity was also considered.

1. INTRODUCTION

The observations show that the eruptive phenomena, such as prominence/filament
eruptions, coronal mass ejections (CMEs) and flares are often physically related to
each other by the same magnetic flux rope (MFR) occurring in the solar atmosphere
(e.g., Gilbert et al. 2000; Gopalswamy et al. 2003; Schrijver et al. 2008; Filippov
and Koutchmy 2008). This relation is better expressed between eruptive prominences
(EPs) and CMEs. Being one of the earliest known forms of mass ejections from the
Sun, EPs started to receive attention in the late 1800s (see Tandberg-Hanssen 1995).
Coronagraph observations reveal that CMEs generally have a three-part structure: a
bright leading front, a dark cavity, and an inner bright core (e.g. Illing and Hund-
hausen 1983; Chen et al. 2011). The cavity is usually believed to be a helical flux
rope (e.g., Gibson et al. 2006; Riley et al. 2008) and the bright core is thought to be
cool prominence/filament matter that is suspended in magnetic dips of a flux rope
configuration (e.g., Guo et al. 2010; Jing et al. 2010).

The aforementioned specific physical relationship between EPs and CMEs suggests
that the study of the EPs can provide critical clues not only to the prominence
activity, but also to the physics of CMEs. Moreover, their study has indicated that
the triggering mechanism is related to an unstable MFR (Rubio da Costa et al.
2012 for a review). The observations indicate that the temporal evolution of these
phenomena and especially the role played by prominence activation and eruption can
be significantly different from event to event (e.g. Sterling and Moore 2005; Wang et
al. 2007; Liu et al. 2009; Zuccarello et al. 2009). Therefore, a detailed examination
of the kinematic patterns of EP and its triggering mechanism may advance our ability
to predict the launch of CME, will the CME be fast or slow etc. Such prediction is
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THE WHITE-LIGHT FLARE AND CME ON NOVEMBER 6, 1997 AND THE EARTH MAGNETOSPHERE
RESPONSE
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ABSTRACT

We analyse the WLF registered on 6 of
November 1997 near the western solar limb, as well as,
the local magnetic field morphology and the
accompanying active phenomena. Particular attention is
paid to the CME observed after 13:00 UT. An attempt is
maid to construct model scenario of CME formation and
evolution. We study, as well, the earth magnetosphere
response to this phenomenon using magnetometric data
from Interball Auroral Probe and Interball Tail Probe
satellites.

1. INTRODUCTION

In the solar-terrestrial influences studies of
particular interest is the better knowledge of the
structure and physical parameters of CME treated as
“initial conditions”. It is supposed that the magnetic
field and plasma parameters distribution in the
circumterrestrial space and earth magnetosphere
response will depend strongly on these initial
conditions.

In this work we examine the active events
preceding the CME on November 6 to construct a
model of CME formation and evolution. Than we trace
the CME propagation and behaviour at one AU and the
provoked earth magnetosphere response.

2. SOLAR OBSERVATIONS

A white-light flare (WLF) has been visually
registered in Haskovo Observatory on 6 of November
1997 between 11:45 UT and 11:50 UT very close to the
W-S solar limb in the leading spot (17° < B <23, L »
301.1) of a sunspot group in active tegion (AR) 81008
(Figure 1, upper left panel). The sunspot group has been
traced several days starting from 27.10.97, when it
appeared first near the E-S limb and ending 07.11.97,
one day after the WLF event.

Vector magnetograms of the solar area
containing the AR 81008, taken it three consecutive
days (Figure 1, upper right and lower panels) at the
Okayama Astrophysical Observatory show that at

05:27:44 UT on 06.11.97 new magnetic flux emerged
near the position where the WLF appears about 6 hours
later.

AR 81008 has 3-type spot configuration and a
large number of CMEs and flares associated its passage
on the disk. According to Solar Geophysical Data, on
November 6 two H-alpha flares of importance 2B in the
time interval 11:22 - 11:49 UT have been registered.
The first one was accompanied by a high-speed dark
filament. Very close to the active region had been
registered a dark surge on the disk starting before 11:24
UT; a bright surge on disk starting at 11:53 UT and two
X-ray flares, one at 11:31 UT with importance C 4.7
and other one at 11:49 UT with optical brightness B and
X-ray class X9.4.

Nancay radioheliograph do not registered type
1 burst. However after 1152:57 UT a group of fast
moving type IIl-like bursts lasting until 1153:30 UT has
been observed. The sources at two highest frequencies
exhibit two components tracing a loop like structure
with the 164 MHz emission located at the top. A
southward drift of this positions suggests that the
structure is expanding with velocity of 3000 km/s.
Later, only the western component remains visible.

On 6 of November 1997 a loop-like CME has
been registered by LASCO/SOHO. This event is well
studied by Maia et al. (1999). One of the loop’s
footpoints has been located in AR 81008. Imitially a
semicircular loop has been registered in the field of
view of Cl coronagraph at 11:52 UT in the light of
FeXIV. The frames taken between 11:54 and 11:56 UT
in FeX and continuum show that the loop expands with
velocity 2000 km/s. This is a very “impulsive” start
after which the velocity of the leading edge of the loop
decreases, but it propagates in the field of view of C3
coronagraph with an almost constant speed of about
1700 km/s.

For such large velocity the formation of CME
driven shock front is expected.

According to LASCO CME List the first loop
in the field of view of C2 coronagraph appears at 12:10
UT, when velocity of 1560 km/s is measured for its
leading edge. The loop expands with constant velocity,
it has angular span of 135° and position angle 261° of
the central axis. The CME safes the loop-like shape in
its later states of development. After 12:30 UT the CME
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Abstract. This work continues our investigations on posaibd of presentation the time

development of eruptive solar protuberance andeglanagnetic field. The aim of this

work is mapping the direction of movement of diffiet layers of protuberance. The map
construction is based on compass directions digidimem to 8 possible — North, South,
West, East, North-West, North-East, South-Westts&ast. The tests in this investigation
are carried on sequences of images obtained fromanl%hio coronagraph-telescope of
NAO Rozhen, used for observation of protuberandewfsolar corona.

1. INTRODUCTION

This work continues the investigations on postibi of presentation the time
development of eruptive solar prominence and rélaiagnetic field described in
“Technique for tracking and visualization of motionsequence of images of the
solar corona”.

The aim of the work is mapping the direction of rment of different layers
of prominence and tracking its positions in theussge of images.

The movement produces any displacement that follsmae direction. The
direction shows possible changes in different layef prominence and its
estimation gives information about the magnetitdfieehavior. There are two
guestions of interest:

° Available inhomogeneous is the whole prominencmftbe point of
view of dynamics of eruption?

. What are directions of movement available in pranie?

A simple technique that uses spatial gradientgegga possibility to estimate
the directions in angular interval. The differendetween positions of layers
could be obtained using sequences of computer isnaigerominence. Pixel based
image processing [3] calculates the time-spatiadignt on the area of four
neighbor pixels with same positions into sequerfcates [1]. The ratio between
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PROMINENCE ERUPTION ON 22 AUGUST 2006 OBSERVED
WITH THE H, CORONAGRAPH IN NAO ROZHEN

N. PETROV, P. DUCHLEV, K. KOLEVA, M. DECHEV
Institute of Astronomy, Bulgarian Academy of Sciences

Abstract. An eruptive prominence (EP) on 22 August 2006 was observed with the
Ha coronagraph in the National Astronomical Observatory (NAO) — Rozhen,
Bulgaria. The kinematic pattern of the EP was studied and the basic parameters of
its eruption were determined. The associations of the EP with the filament oh the
solar disc and solar radio events are presented.

1. BACKGROUND

The EP occurred at the southwestern solar limb (S16° W) between 04:28 UT
and 11:00 UT. The eruptive event presents seven successive eruptions during that
time interval (Table 1). Each eruption, after first one, reaches smaller maximum
height than previous one. The eruptions run at an angle of 45° about the limb and
show two distinctive phases: rising phase and post-eruptive phase, when the
prominence plasma flow back to the chromosphere by the same trajectory (Fig.1).

The eruptions are associated with a filament located at the western end of an
active region NOAA 10904 at approximately the same place. The EP is associated
with some activity events in solar radio emissions at 164 MHz (Nancay
Radioheliograph) and 17 GHz (Nobeyama Radioheliograph).
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Abstract. We examined the kinematic and helicity pattern, as well as the morphological
and geometrical evolution of an EP on 2010 March 30. We used the He II 304 A
ATA/SDO and EUVI/STEREO B observations. The unique combination of high-resolution
limb observations of the EP in AIA and a central meridian position in EUVI permitted a
view from significantly different perspectives and detailed analysis of the prominence
eruption. The eruption process consists of prominence activation, acceleration, and a phase
of constant velocity. The prominence body was composed of left-hand twisted threads
around the main prominence axis. The twist during the eruption was estimated at 3 turns (6
pi). The prominence reformed in the same place two days after its eruption. The same sign
of the prominence body twist and writhe, as well as the amount of twisting above the
critical value of 2pi after the activation phase indicate that the conditions for kink
instability were present. The fact that the erupted filament re-formed at the same place two
days after the eruption implies a confined type of eruption.

1. INTRODUCTION

Prominence eruptions are large-scale eruptive phenomena, which occur in the
low solar atmosphere. Eruptive prominences (EP), in contrast to active ones, could
be defined as prominences in which all or some of the prominence material
appears to escape the solar gravitational field (Gilbert et al., 2000). Gilbert et al.
(2007) summarize three types of prominence eruptions: a full eruption, when all of
the material is expelled; a partial, when only a part of the mass erupts; or a failed
eruption, if the material resettles or falls back to the surface. The observations
show that prominence/filament activations include a wide range of eruptive-like
dynamic activity, from the full eruption (Plunkett et al., 2000) through partial
eruption (Zhou et al. 2006; Liu et al., 2008) to failed eruption. Several studies
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AN ACTIVITY PATTERN OF AR NOAA 9026
DURING THE LAST HALF OF ITS EVOLUTION
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Abstract:

We have studied the evolution of active region NOAA 9026 by processing
and analysis of white-light images and H, filtergrams obtained in Astronomical
Institute in Wroclaw (Poland). For determination of the full picture of activity
events during the active region evolution the data from BBSO, GOES and Palma
Reports were used. The sunspot evolution, filament and flare activities were
summarized. The analysis of LASCO and EIT (SoHO) data suggests possible
interrelations between associated with active region coronal mass ejections and
filament eruption, as well as some X-flares in this region.

Introduction

The active region (AR) NOAA 9026 was observed on the solar disk
from 02 to 12 June 2000. For the first time during this solar cycle, the Sun
display a spectacular fireworks of many flares going off in close succession
from one and the same active region.

The AR 9026 was observed in Wroclaw Astronomical Institute
(Poland) from June 7, 2000 when it was located near the central meridian, to
June 11, 2000. The registrations in white light and H-alpha were made. The
observational data was processed with the Joyce Loeble microdencitometer
in NAO Rozhen (Bulgaria).

For more detailed study of the active region evolution from its first
appearance to its decay the BBSO Solar Activity Reports, GOES event list,
and Palma Reports data were used.

Our aim was obtain a full picture of activity events, as well as some
possible interrelations between them during the evolution of AR NOAA
9026.

Sunspot evolution:

The AR 9026 was observed for the first time at the E-limb on June 2,
2000. Its location was near N19E75. At the moment of its appearance the
AR was observed as two well shaped sunspots with distinct penumbra. The
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Abstract. We report high resolution (A/AX ~ 48000) spectral observations of the yellow
symbiotic star V417 Cen obtained in 2004. We find that the equivalent widths of the emission
lines decreased, while the brightness increased. The FWHMs and wavelengths of the emission
lines do not change.

We estimated the interstellar extinction towards V417 Cen as Ep_v = 0.95 £0.10, using
the KI interstellar line.

Using the [O III] lines, we obtain a rough estimation of the density and the temperature
in the forbidden lines region log N. ~ 4.5+0.5 and 7. = 100000425000 K. Tidal interaction
in this binary is also discussed.

Key words: stars: individual: V417 Cen — binaries: symbiotic

Introduction

Symbiotic stars (SSs) are thought to comprise a compact object (usually a
white dwarf) accreting from a cool giant. They offer a laboratory in which
to study such processes as (1) mass loss from cool giants and the formation
of nebulae, (2) accretion onto compact objects, radiative transfer in gaseous
nebulae, (3) jets and outflows (i.e. Corradi, Mikolajewska & Mahoney 2003).

V417 Centauri (HV 6516, Hen 3-977) is a poorly studied D’-type (yellow)
symbiotic system surrounded by a faint asymmetric nebula. The symbiotic na-
ture of the object was proposed by Steiner, Cieslinski & Jablonski (1988). The
cool component is a G2 Ib-II star, with log(L/Lg) = 3.5 and T, 5y = 5000 K
(van Winckel et al. 1994). Pereira, Cunha & Smith (2003) found atmospheric
parameters T, ¢y = 6000, log g = 3.0, and spectral type F9 III/TV.

The binary period is not defined. Van Winckel et al. (1994) found a 245.68 day
periodicity with an amplitude of 0.5 mag using Harvard and Sonneberg plates.
Gromadzki et al. (2011) using optical photometric observations covering 20
years detected strong long term modulation with a period of about 1700 days
and amplitude about 1.5 mag in V-band, in addition to variations with shorter
time-scales and lower amplitudes. However, the long period seems to be non-
coherent and the nature of light variations and the length of the orbital period
remain unknown.

* based on data from ESO (program 073.D-0724) and AAVSO
** e-mail: kstoyanov@astro.bas.bg
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Abstract

We present analysis of three cases of filament eruptions (FEs) that occurred on 04 Aug
2011, 09 Nov 2011 and 05 Apr 2012 and their associations with flares as sources of solar
energetic particles (SEPs) and coronal mass ejections. The associated FEs and SEP-related
solar flares were selected by simultaneous observations in X-ray, EUV and radio
wavelengths.

Introduction

The aim of this work is to investigate the various pre- and eruptive signatures that were
observed during three complex events, including filament eruptions (FEs), solar energetic
particles (SEPs) related solar flares, coronal waves (CWs) and coronal mass ejections
(CMEs). We focus on the filament helical morphology and kinematic evolution (heights,
velocities, accelerations) in order to determine their eruption mechanisms and the rate of their
connections with the associated flares, CMEs and SEPs, as well.

Data

We used data from AIA/SDO (Lemen, et al. 2012) in He II 304 A channel to study the
eruptions kinematics.

The analyzed events were observed in hard X-ray (HXR), extreme ultraviolet (EUV) and
radio wavelengths, and had associated SEP fluxes observed at 1 AU.

We used data from RHESSI (Lin et al. 2002) to trace the flare properties in HXRs.

High-energy particles related to the studied events are analyzed in different energy
channels using proton data from SoHO/ERNE instrument (Torsti et al. 1995) and electron
data from ACE/EPAM DE (Gold et al. 1998).

In order to search for a possible association with CMEs, data from SOHO/LASCO CME
catalog (https://cdaw.gsfc.nasa.gov/CME_list/) and STEREO (Wuelser et al. 2004) were also
used.

Results

a) The event from 4 Aug 2011:

The filament eruption was observed on 4 Aug 2011 close to the AR 11261 with
heliographic coordinates N16W51. The eruption started at about 03:30 UT in the AIA field-
of-view (FOV) and lasted about 5h. It was an asymmetric full type eruption with well
pronounced twist. Its evolution is shown in base-difference images in Figure 1 (a).

The eruption clearly showed two evolution phases: The initial phase lasted about 44 min.
During this phase the velocity rose from 10.4 km/s to 49.4 km/s with a constant acceleration
of 23.2 m/s2. During the second phase the filament rose with a constant velocity of about v =
65.1 km/s. The height-time profile of prominence evolution and eruption velocities and
acceleration are shown in Figure 1 (b).

Topic Sun and Solar Activity 19
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In this report we present analysis of well-observed electromagnetic signatures related to solar energetic particles
(SEPs). We selected cases with simultaneous observations in hard X-ray, EUV and radio wavelengths of the SEP-
related solar flares and analyzed the properties of the emission (light curves, spectrum and temporal evolution).
The non-thermal potential of solar flares is tested in terms of correlation studies between the particle intensities
(protons and electrons) and the flare flux at various wavelengths. The results are compared with the outcomes when
using GOES soft X-ray flare class. The solar origin of SEP events in terms of solar flares is discussed.
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Abstract.

We present two prominence/filament eruptions (FEs) that belong to the class of rarely
reported eruptions of two near-by flux ropes (FRs) of the same filament. The FRs (FR1 and
FR2) of the FE on 2014 May 4 with the same helicity, i.e. left- handed twist and writhe,
interact during the eruption. Their kinematics indicate a slow successful eruption of FR1
associated with a slow coronal mass ejections (CME) and a failed kinked FR2 eruption with a
strong non-radial propagation followed by its reformation. The second FE on 2014 March 14
is composed by both hot, bright flux rope (BFR) and cool massive flux ropes (MFR) that
underwent merging followed by splitting during the eruption. This FE produced a partial-halo
CME with a bi-component bright core and an impulsive flare and post-flare loop arcade, as
well. The comparative analyses of two eruptive prominences (EPs) suggest that the character
of FR's interaction in each of them play a crucial role for both the driver of eruption (kink or
torus instability) and the type of eruption - failed, partial or successful.

Introduction

Magnetic flux rope (FR) eruptions in the solar atmosphere play a key role in eruptive
activities of the Sun, such as filament eruptions, CMEs, and flares. Prominences/filaments
occur frequently as major precursors of coronal mass ejections (CMEs) as indicated by the
observed close association between their eruptions and CMEs [Munro R.H. et al., 1979, Webb
D. F. and Hundhausen A. J., 1987]. Several basic mechanisms that can disrupt the FRs
include both ideal processes such as helical kink instability and torus instability of twisted
coronal FRs and the non-ideal (resistive) process of the fast magnetic reconnections in current
sheets [Aulanier G., 2013, for a review].

It is known that two adjacent filaments sometimes approach each other and interact.
There are four fundamental types of interaction: bounce, merge, slingshot, and tunnel [Jiang
Y. et al., 2013, Joshi, N. C. et al., 2016]. The interacting filaments studies can contribute for
verifying different filament models and for better understanding the coronal magnetic field
structures and their dynamics, as well. However, such observational reports are still rare.

There are cases, when both branches belonging to a single filament FR are separated later
that results into two ropes with the same handedness. According to previous observations and
simulations, such splitting often occurs during the eruption or, in some cases, just before the
filament eruption (FE) [Liu, R. et al., 2012, Kliem B. et al., 2014, for a review]. Such cases are
very rarely reported.

The aim of this work is the comparison of two eruptive prominences (EP) that belongs to
afore-mentioned last class of very rarely reported eruptions. The FRs (FR1 and FR2) of the
first EP on 2014 May 4 with the same helicity interact during the eruption. The FR1 presents
a slow successful eruption associated with a slow CME and the FR2 underwent a failed
kinked eruption with a strong non-radial propagation followed by its reformation [Dechev M.
et al., 2018a]. The second EP on 2014 March 14 is composed by both hot, bright flux rope
(BFR) and cool massive flux ropes (MFR) that underwent merging followed by its splitting
during the eruption. This EP produces a partial-halo CME with a bi-component bright core
and an impulsive flare and post-flare loop arcade, as well [Dechev M. et al., 2018b].

Topic Sun and Solar Activity 7



HELICAL INTERNAL STRUCTURES IN
ERUPTIVE PROMINENCES

M. Dechev, P. Duchlev, K. Koleva and N. Petrov

Institute of Astronomy, 72, Tsarigradsko Chaussee Blvd., Sofia, Bulgaria
email: mdechev@astro.bas.bg

Introduction

Helical structures have been observed in many active prominences
on the Sun. These structures can be roughly divided in two classes: internal
(or microscopic) and external (or macroscopic). In the case of internal twist
two or more fine threads with different helix radii are observed within the
body of the prominence tube. In the second case, the whole body of a
prominence tube shows helical twist or two or more tubes are intertwined in
a rope-like structure.

Observation of twisted prominences have been reported by Jockers
and Engvold [1], Rompolt [2], Wang [3], Vrsnak et al. [4] and Vrsnak et al.
[5].

Twisted, helical-like patterns are more frequent in active region
prominences. All these configurations can be represented by an axial current
and so are equivalent to a simple twisted magnetic flux tube.

In the eruption phase, the morphology of a prominence often
changes dynamically. In the late phases of the eruption usually a rather
simple arch remains, frequently exposing helical-like structure. Such a
behavior is described in Tandberg-Hanssen [6] and Vrsnak et al. [7].

A more detailed classification of the prominences exposing helical-
like structures is made in Vrasnak et al. [5]. The authors described four main
classes (Figure 1):
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DYNAMIC CHARACTERISTICS OF THREE
ERUPTIVE PROMINENCES

P. Duchlev, K. Koleva, M. Dechev, J. Kokotanekova, N. Petrov

Institute of Astronomy of Bulgarian Academy of Sciences

Abstract:

The kinematics and dynamics of eruptions of three prominences was studied.
The properties of their dependence of the height on time, as well as of horizontal
expansion on time during the eruption was analyzed and compared.

1. Introduction

The eruption process of the prominences develops in two main phases. In
the first pre-eruptive phase, the prominence slowly rises with approximately
constant velocity of several km/s (Rompolt, 1990). At some critical height the
prominence erupts and a large part of its material is lifted into the corona and
into the planetary space. The velocity of the ejected prominence ranges from
several km/s at the beginning phase of the eruption to several hundreds km/s at
the late phase of the eruption (Rompolt, 1990).

Besides the eruption in the vertical direction, some eruptive prominences
(EPs) exhibit expansion in the horizontal direction. Most of them show constant
velocity (Rompolt, 1984; Rudawy et al., 1994). The velocities of the horizontal
expansion are in the range from 15 to 80 km/s (Rompolt, 1998).

According to Vr$nak’s classification (Vr$nak, 1998), there are three
classes of EPs in dependence of the fine structure of the eruptive phase. Class A
when the prominence material often remains constant after the initial
acceleration. Class B when after the acceleration and the constant velocity
follow deceleration of the EP material. Class C when the initial acceleration of
the EP continues up to the prominence disappearing in Hg.

There are two basic types of EPs according to Rompolt’s classification
(Rompolt, 1990). Both types EPs are embedded in the lower part of huge
magnetic system (HMS). The EPs of type I have shape of a large arch at the
bottom of the HMS that rising up into the corona during the eruption. The EPs
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N3XBbPAAHE HA KOPOHAAHA MATEPWA OT CABHUETO HA 6 IOHW
2000 . ¥ Bb3OENCTBUETO BbPXY MATHUTOCQOEPATA HA 3EMATA

Anexcanawp 3. Boves' u Koctaawxa X. Koresa®
" LleHTpaAHa AabopaTopus 1Mo CAbHYEBO -3eMHV Bb30HCTBNS -bAH, Cogus
2 YrctutyT no actpoHomus -BAH, Cogus

Peslome. Tasu pabara npeacrasassa npeasapuTeAHO M3CAeasaHe Ha HeobukHoseHoTo CME ot
6 loHu 2000 r., C NPOCAEAABAHE HA OCHOBHUTE MOMEHTW Ha npoueca: (1) cTapTupaHeTo Ha CME 8
CABHUEBATA KOPOHA; (2) MarHuTHaTa KOHOUrypauus 8 MeXaynAaHeTHOTO NPOCTPAHCTBO, B KOATO
npemuHasa CME; (3) peakuusta Ha marHuTochepaTa, pecn. reomarHutHata Byps u (4)
cbnocTasKa ¢ NPeaqLUH M3CAeBaHUS.

YBon. fIBAGHUETO U3XBbPAAHE Ha KopoHaaHa maca uan Coronal mass ejection (CME) e oTKpuTO
npe3 70--Te rOAMKK B Pe3yATaT Ha U3CAEABaHWATA HA CAbHUEBATa KOpoHa 4Ype3 KopoHorpasgw Ha
6opna Ha CKAMAAE (Gosling et al., 1976, ex. Delannee et al., 2000). ToBa ABAEHUWE Ce pasraexna
KaTo apyra ¢opmMa Ha CAbHUYEeBaTa akTMBHOCT, pasAuyHa OT CAbHYesuUTE usbyxsanua (flare) v
BTOPUUHUTE UM edekTn (HarpssaHe Ha xpomochepata W reHepupaHe Ha PeHTreHoso,
YATPABUOAETOBO W OMTUYHO WM3AbYBAHE, ocobeHo B ApKata AuHMA Ha, pagvouvsAryBaHe B
pa3AMYHM AManas3oHu; CAbHYEBM EHEepriHv yacTvium - Solar Energetic Particle (SEP) event (8
nocaenHo speme, obadye, Cce noadbpXa uaesTa 3a reHepupare Ha SEP Ha cbLuecTseHO
pasctosHue ot CabHueTo). CME u3raexna na ca raasHWa CAbHYEB areH, AMPeKTHO CBbp3aH C
reHepupaHeTo Ha reomarHutHute Bypw (Gosling, 1993). CME ce peduHupa Kato U3MeHeHue B
KOpoHaAHaTa cTpyKTypa, KoeTto (1) ctasa 3a Bpeme OT HAKOAKO MUHYTW 10 HAKOAKO yaca u (2)
BKAlOuBa NOABABaAHETO Ha HOBO, BAecTawlo B BasaTa ceeTauHa obpalysaHve B 3PUTEAHOTO NOAe
Ha kopoHorpada (Hundhausen, 1993, sx. Delannee et al.,, 2000). MHOro CNbTHUKOBM
EKCNepUMEHTM B  MEXIYNAAHETHOTO MNPOCTPAHCTBO, ocobeHo B TMOCAeOHO Bpeme, ca
PerMcTPUPaAm CbLLECTBYBAHETO HA HEOBVKHOBEHHMU MarHWUTHM koHpurypauuu (0Baauw) -Magnetic
Clouds (MC) oT naa3ma, kopeaupalLu ¢ reomarHutHuTe bypu (Burlaga et al., 1981; Huang, 1998,
Thomsen et al., 1998; Frey et al., 1998 1 ap.), HO MaAKO 3a cera ca U3cAeasaHvaTa BbpXy TBbpae
ambuuvosHaTa 3agava - ga ce nokaxe, ye CME avpekTHO npemuHasa 8 KOHWrypauwaTa
marHuTeH obaak (Burlaga et al., 1998; Klein, 1982; Dermendjiev et al., 1999). Marnuren obaak e
KPaTKOBPEMEHHO W3XBLPARHE B CABHYEBMA BATHD, XapaKTepu3vpallo Ce C OTHOCUTEAHO CWMAHO
MarsuTHo noae, basHo BbpTeHe Ha B Ha = 180 ® | HUCKO £ (B @ OTHOLLEHWETO Ha KMHeTUYHOTO KbM
MarHuTHOTO HaAsiraHe f = NkT/(82 /87), HUCKa TemnepaTypa Ha NPOTOHUTE W PaauaAeH pasmep =
0.25 AU (Burlaga et al., 1981).

Ta3u pabarta npeacrasafsa NpenBapuTeAHO W3cAeasaHe Ha HeobukHoseHoTo CME ot 6 loHu
2000 r., ¢ NPOCAEAABaHe Ha OCHOBHWTE MOMEHTW Ha rpoueca: (1) ctapTupaHeTo Ha CME 8
CAbHUEBATA KOpPOHA, (2) MarHuTHaTa KOHGUrypauusa B MeXaynAaHeTHOTO NPOCTPaHCTBO, B KOATO
npemuHasa CME; (3) peakuusaTa Ha marHutocdeparta, pecn. reomarHutHata bypa u (4)
CbNOCTABKA C NPEAULLHM W3CAEABaHUA. 3a Ta3u LIeA LLie Ce Bb3MoA3yBame OT beanpeuefeHTHUTe
Bb3MOXHOCTH, KOWTO HU mpeaaara cnbTHuka Solar and Heliospheric Observatory (SOHO) u 8
yacTHOCT W306paXkeHuaTa OT Asa BaxkHW ypena: (1) Teaeckon 3a u3obpaxeHwe B KpanHaTa yatpa
BuoAeTOBa 0BaacT - Extreme Ultra Violet Imaging Telescope (EIT), ueHTpupaH kbm 195 A - AuHuATa
Ha Fe XIl, 3a usacaensaHe Ha Huckata kopowa ( Delaboudiniere et al., 1995, Bx. Delannee et al.,
2000) 1 (2) CnekTpomeTpu4eH KopoHorpad C roAsMo 3puTeAHo noae -Large Angle Spectrometric
Coronograph (LASCO), ueHTpupaH KbM AnHUATa 5800 A 3a u306paxeHuns Ha kopoHaTa 8 barata
ceeTAMHa, Ype3 3 KopoHorpada, KouTo OBLLO NOKpuBaT eauH CermeHT OKOAO CAvbHUeHo ¢
BbHWeH paguyc 30 R, R - paanyc Ha CabHueTo( Brueckner et al., 1995, sx. Delannee et al.,
2000). W3noA3BaT ce 1 Apyry CNbTHUKOBA MUCHW: PErMCTPaUMNM Ha MarHWTHOTO NOAe MFE/WIND
W Ha CAbHYEBMA BATHP SWE/WIND, GEOS, SAMPEX KakTo v Ha3emHW reopuanuiecki Mpexu.
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(Submitted by Academician D. Mishev on June 1, 2000)

Solar event. A coronal mass ejection (CME) has been registered by SOHO
/LASCO on 4 April 2000 from 15:18 UT to 19:42 UT. The phenomenon reached veloc-
ity up to 2000 km/s. The CME has been preceded by C9.7 flare (Fig. 1, Upper Panel)
at 15:41 UT in active region 8933 (at heliographic coordinates N16W66) and soft X-ray
emission starting at 15:12 UT, ending 16:05 UT with a maximum at 15:41 UT. The
flare event was accompanied by an eruption of a filament (prominence on the disc) (Fig.
1, Botomn Panel), which probably was the source of the increase of energetic particles
seen at GEOS spacecraft starting arround 17:00 UT g . Unfortunately, SOHO/EIT
observations in Fe XII at 14:24, 14:40, 15:24 and 17:00 UT missed the time of the
filament eruption and we could not trace the erupting arcade. The basic conclusion is
that the CME material and magnetic field came mainly from the erupting filament.
Consequently, the initial conditions of this CME formations differ significantly from
the respective conditions of CME formation on 6 November 1997 when the CME ma-
ﬂtir.‘rial[ é}rigina.ted mainly from evaporated chromosphere due to a preceding white light

e [2].

agnetic cloud at 1 AU. On 6 April the magnetised plasma of this CME-
eéncountered the Earth environment. A preliminary analysis of available data shows
that this event differs with its very distinctive features which provoked our interest.
No doubt that similar events occurred in the past, too, but now due to the ISTP
Program, including INTERBALL mission the event can be traced beginning from the
Sun, through the interplanetary space towards near Earth environment.

In this work we tried to describe the magnetic field B at one AU on 6-7 April in
terms of its module B, elevation angle (6 ), and azimuth (¢) [3]. In our opinion this is
more convenient for representing the topology of the large magnetic field configurations.
On the basis of WIND magnetic field data we calculated these arameters for 48 hours
period starting at 00 UT on 6 A(fril 2000 (Fig. 2). We identify the arrival of the leading
edge of the plasmoid with a sudden strong magnetic field jump of 25 -30 nT at 16:15
U éPa.nel 1, Fig. 2). Simultaneously with [B| increase, a sudden rotation of B towards
the South takes place or § turns abruptly from positive to negative. The field remains
steady with these features until 24 UT, when its direction changed to positive (Fig. 2,

This work was supported by the National Science Fund of the Bulgarian Ministry of Education
and Science under grant F815/98.
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3akaouenne

B 3akmoueHne MokKe Aa Ce Kake, Ye TO3M ChbBPEMEHEH aHANH3 Ha
¢otorpaduu Ha Ganata KOpoHa npaseHM OT Hop/a Ha CaMOAET NO BpEME Ha
TBJHOTO CTbHYERO 3aTbMHeHHe OT 15 MPespyapu 196 11 paskpusa HHTEpeCcHa
duHa CTPYKTYpa Ha KOpOHATA, KAKBATO HaseMHuTe Habnioaewus (K SKy
and Telescope, vol. 21, N4, 1961) camo 3ararsat. H3cnensanusta no 1o3un
wabmonateneH matepan npoabkasar. Te 3a Hac ca CblO enHa 100pa
BH3IMOKHOCT 3@ VTOMHABAHE HA WICAEMNOBATEJNCKHTE LMW 110 BpEMe Ha
APENCTORIOTO MBJHO C/IbHYEBO 3aThMHeHHe Ha || Asryct 1999 ronuua.

Brnarosapuocth: Tasn pabora v yuactreTo Ha asropute Ha Cemunapa
e hunancupano ot H® “Hayunn uicnensanus”, [lorosop @-623/96.
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BLPXY NPHPOJATA HA SBJAEHMETO BATAUIA CEHKH
10 BPEME HA II'bJIHH CJAIBHYEBH 3JATBMHEHHA

K. K. Konega, B. H. epmenaxues
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e-mail: koleva@libra.astro.bas.bg
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Pesiome; OBcrienn ca PusHueckuTe NapaMeTpt Ha SBASHHETO GATALIN CEHKH
10 BpEME Ha [ThJTHH CITHHYEBH 3aTBMHEHHA KATO OC HOBHO ce Habnara Ha Te3H,
foAy4eHH OT OLArapcky CKMM Mo BpeMe Ha TakoBa 3aThbMHenHe nipes 1961r.
JIuckyTHpar ce Bb3MOWKHHTC duzndecKH NPHYHAK - baykTyauuH Ha
LTETHOCTTA Ha 3eMHaTa aTMocdepa H NOTEMHABAHETO KbM Kpas Ha C/ibHYCBHA
AMCK - sojeuin a0 opmupaHeTo Ha faramy cenxku. IlpuseneHn ca
TEOPETHUHN apTyMEHTH, TMOKA3BAllM, € /10 ronaMa cTeneH QH3NYECKHTE
XapaKTEPUCTHKH HA TOBA ABNECHUE 3aBHCAT OT dazara Ha 1 1-rOAKIIHASA LWAKE1
ua chbHYeBara akTHBHOCT, ToBa e enun ybenuTeieH MOTHE 32 MBITBJIHERHNE
Ha HABMIOATE/IEH EKCNIEPHMEHT 32 PETHCTPHPAHE Ha Garany CEHKH 110 BpeMe
Ha MHAHOTO CIBHYEBO 3aThbMHEHHE HA 11 asrycr 1999 (daza MakcaMyM Ha
uWKbNa) W CPABHEHHE HA pE3yNTaTHTe ¢ Te3u OT 3aTEMHEHHETO Ha 15
erpyapu 1961r. (pasa MUHHMYM H2 UHKBA).

1. ¥son

HerocpeACTBEHO NpefH v Ciej MbiHara dha3a Ha CABLHYEBO
3aThMHEHHE BEPXY 3CMHATA MOBBPXHOCT €€ nabmogasa BbAHOMOACOHA
kapTuHa oT Ghp3onpeMUHaBallM Gremyxaiy 4 ThbMHH MBHLH. Ha Tosa
agnenne, Hapwuano shadow bands, fleeting shadow, Geryuwmx Tened, Hai-
MHOTO MPHIAra HA3BaHKeTO “BArauly cenku”. To e Bce OlLle HEMOCTATLHHO
yaydexo, a npobnemM®T 32 HEropara ¢m3mtecka NpHpoaa € BCE OUIC
JACKYCHOHEH.

AHAIU3BT H HHTEPAPETAUMATA HA HAOMIOATETHHUTE NaHHH HanokH
CXBALIAHETO, Y€ TOBA ABJEHUE Ce ABIDKH HA PAIKOTO MIMCHEHHE Ha NpHTOKA
Ha CTLHYCRA PAIMALMS, KOETO NPEAU3BHKBA AMHAMMUHH NpOLIECH B 3eMHaTa
aTMocdepa. BofELIM 10 POPMHUPAHETO HA BEILYIIHH dpouTOBE ¢ ONpeselieHa
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OTKAVK HA 3EMHATA MATHUTOCDEPA HA WLF-CME HA 6 HHOEMBPU 1997

A. BoueB ', B. Jlepmengskuet ? K KoaeBa 2 1. Kokomanek oBa #

g Uenmpaana aaGopamopus no cabiueBbo-semnu BuageiicmBus -BAH, ya. Akag. I'. BonueB, 6a. 3, 1 713 Cogusa,
Bhazapus

2 4 -
Pnemumym no acmponomus -BAH, 72 Tapuzpageko woce, 1784 Cogus, Bracapus

Peslose. HanpaBen e anaaus na uzbyxBanemo 8 6aaa cBemauna (WLF) B 11:50 UT na 6 HoemBpu 1997 2.
Hauz0 go sanaghus aumb na Cavhuemo. To ce nosiBsiBa 6auso go obaacmma, kegemo uskoako yaca ppequ
moBa usnayBa unmensuBen maznumen nomok. Omgeaeno e Buumanue na nocaegBasomo usxBpasue na
koponaano BeweemBo (CME) om cvwus pation. HanpabBen e onum ga ce koucmpyupa Mogeaen cueHapuii
na gopmupanemo u eBoalovusma na CME. MacaegBan e chwyo maka omkavka na 3eMuama MazHumochepa
na moBa sBaenue kamo ca uznoazyBanu MaznumomMempuuHu gasiu om cnemuuka UHTEPBOA - 2.

YBOJI B uscaegBanemo na cavhuefo -gemuume BeageiicmBusi  ocoGen unmepec npegemafiantia
nosnaBanemo na cmpykmypama u Qusuueckume napamempu na sBaenuemo u3xBupasine na koponaana
maca (CME), mpemupanu kamo nauaanu yeaolus. Maznumnomo noae u napaMempume Ha naazmama B
okoaozemnomo npoempanemio u semuama maznumocdepa salucsm cuARO OM ME3U HANAAN yeaoliusr, B
masu paboma nue uscaegBame akmuBnume sifiaenusi, cBvpszanu coe CME na 6 HoemBpu 1997 2. u npalium
onum  ga chagagem egun Mogea na dopmupanemo u eBoaloyusama na CME. Tlo -namamuk mpacupane
pasnpocmpanenuemo na CME na pazcmosnue 1 AU paszaeskgame omkauka va emuama mMaznumocdepa

2. CALHYEBM HABAIOJIEHUSL. Ha 6.11.1997 B O6cepBamopust XackoBo e peaucmpupano uzbyxbane
B Gsina chbemauna (WLF) om 11:45 go 11:50 UT muozo 6ausko go W -S cavuueB aumb B akmubBnama
o6aacm (AR) 81008 (Duz. 1, 2open aaB nanes). Bekmopuume guazpamu, noayuenu B Acmpodusuueckama
obecepBamopust Okasima, nokasBam usnayBanemo na noB maznumen nomok B masu obaacm 6 waca npegu
WLF (Quz. 1, zopen gecen u goanu naneau). B 12:10 UT om cnbmuuka COXO e pezucpupano CME u e
uamepena ckopoem 1600 km/cek 3a Bogewws my kpali. Eguausm kpaii na apkoBugna cmpykmypa na CME
Bogu nauasomo cu om AR 81008. CME 3ana3fia cBoama npumkoobpa3na popma kamo ce paznpocmpansbia
no -6hp3ao aamepaano, omkoakomo paguaano u 8 13:46 UT mo uma popma “3akauaaka” (Duzypa 2).

DATA + 91111/06 b DATA BRG]
TIME (UT) ¢ 11240+ o TIME(UT) ¢ 04:40.11 - 04 4048

o) % =
Eras

DATA L9106 : , | DAIA AT 101 !
TIMEAUTY | 08,2744 - 082001 3 TIME (UT) : 025007 02504 qlfETd

o

|

Queypa 1. WLF peeucmpupano y nac na 6 HoemBpu, 1997 2. mekgy 11:45 UT w 1:50 UT (20pen a8
naster). Bekmopun maenumozpamu om AR 81008 noaywenu B Acmpogiuniuecka aabopamopust Qkassa a
mpu nocacgoBame.anu gru. Buskga ce gobpe noaBama na nol maznumen nomok 6 waca npegu WLF.
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UHTEPOEPOMETPMYHU M MOHOXPOMATHYIIN HABATOEHMA HA
OKOAOCABHYEBOTO NPOCTPAHCTBO OT HEGETO 110 BPEME A ITHAHOTO
CADHYEBO 3ATHBMHEHUWE HA 11 ABIYVCT 1999 2.

P.A. T'yaseB, B. H. Jlepmengskuet, M.I'. T'aBpuaot, I1.B. Illeza08, K. KoaeBa,
M. JleueB

CowecmByBam gBe Bwvamodkuocmu 3a uscaegBane na  Bompewsume obaacmu  Ha
meskgynaanemnus npaxoB o6aak, koumo ne 3aBucam om Mexanusma Ha pasceiiBane na
¢omocdepromo usavubBane. [TepBama Buamoknocm ce cbemou B pezucmpupane na cobemBenomo
MONAUHHO u3abubane na Hazpemume npaxoBu wacmuuaku B undpauepBenama ob6aacm va cnekmbpa.
Taka Gewe omkpuma monaudnama uau T-kopona (Peterson, 1967, MacQueen, 1968). Bmopama
Buamoskuocn, kosmo cnopeg Hac e no-nepenekmuBya, ce chemou B pezucmpupaneno Ha pe3oHancHo
usavuBane na amomu u nuckosapegenu iionun Ha Memaau “omgeasmu ce”’ npu cybaumupane Ha
npaxoBama komnonenma Ha cavHueBama kopona, TakuBa amommu u fiomun we npognakam ga
yuacmBam, 3a u3becmmo Bpeme, B obwomo gbwkenue na nopakgawvs zu npax, samofa
usabylBanama om max pezoHancHa emucus we nokazBa gonaepoBo usmecmBane, chomBemcByBauio
na koMnonenmama Ha kenaepoBama ckopocm no Abua Ha 3penuemo.

3a nwpbu nbm ycnewen onum 3a pezucmpupane Ha pesoraHcuo cBemene Ha Ca IT fionu, ¢
(Dabpu-Tlepo emaaon u pomozpadcka kamepa, bewe ocwhuiecmBen no Bpeme Ha nbaHOmMoO cavHveBo
samwmienue Ha 26 ¢eBpyapu 1998 z. (Gulyaev & Shcheglov, 1999a). Ha (uz. 1. e nokasana
unmepdepozpama, noavdena no Bpeme na moBa samemuenue. Ha wnes ce Bukga cuano
npeekcnonupato uzobpakenue na koponama u caabo usabvubBane B K Ca I aunuama B 3anagnama
vyacm Ha okoaocawHueBomo npocmpancmBo, Ha XeAuOUEHMPUYHO pascmostue om 5 go 20 R,
Mamepenume gonaepoBu ommecmBanua (om 170 go 280 kmicek),' cvomBememByBam H'].
kenaepoBama ckopocm na kpwzoBomo opbumasso gBwkenue 3a paszaekganume xeauoueRmpuIHL
pascmosyua. HanpaBen Gewe uibBoga, ue e pezucmpupana noBa komnonenma na koponasnomo
u3zabuBane (B gonbanenue na waecmuume K-, E-, F-u T-komnonenmu) u 6ewe npegaoskeno ms ga ce
Hapuia S-komnonenma nHa caniueBama kopona (Gulyaev & Shcheglov, 19998).

3a 3ambmMuenuemo wa 11 aBzyem 1999 2. bewe nocmaBena sagauama ga ce nofimopam, ¢
yenBypuienemBana anapamypa, makuBa nabalogenus ¢ uea nomBuvpikgenue usu omxBupasne na
pesyamamume om 1998 2. u eBenmyasno noayyaBanemo na nobu gannu 3a S-koponama. 3a masu uea
Oewe nogzomBena meopemuuno goGpe momubBupana nabalogameana npozpama 8 pamkume na
coBMecmen  nayuHo-uscaegoBameascku npoekm “Pezucmpupane na BwvHwnama  2panuna na
HeanpaxoBama 30na Ha cawHueBama kopona no Bpeme na nwanomo cavhHueBo zambmuenue na 11
aBayem 1999 2.” meskgy M3MHPAH (koopgunamop P. I'yaseB) u Mucmumyma no acmponomus npu
BAH (koopgunamop B. lepmengkueB). Habalogenusima 6saxa npoBegenu Ha naowagka “Iloauzona”
kpail 2pag Illabaa. Llaaama nabalogameana npozpama Hewe usnbanena yenewHo.

Paspabomenama anapamypa, kosmo napekoxme unmepdepoMempuina kamepa, ce cbhemou
om equi (Pabpu-Tlepo emason u unmepgepenuen ¢uamsvp uenmpupan 8 aunuama K Call (A=3933.7
&) c uBuua na nponyckane 60 A. Aunusma H Call, omemosawa om K na 35 A, nonaga B kpuaomo na
uBunama Ha nponyckane na ¢uammpa u e sHayumeaHo omcaabena. ManoasyBan e obekmuB c
dokycno pascmosnue 53 MM u ¢omokamepa 3a 35 MM uam, ¢ koemo emana BwuaMoxkio ga ce
domozpadupa yuacmvk om nebemo go 80R | B cBemaunama na pesonancnume aunuu H u K na Call.

IMpu unmepdepomempuunume Habalogenus bewe usnoasyBana omosenma Kodak TMax
P3200, ITpu Heilnomo nposaBaBane Gewe uzbpan pekum, ocuzypaBauy uyBemBumeanoem 25 000 1SO.
ITo Bpeme Ha nbanama ¢asza 6gxa nanpaBenu cuumku ¢ ekcnosuuuu 1, 3, 10 u 60 cek. Onmumaana ce
oka3sa ekcnoauuus 60 cek. Qomozpadus om masu.ummepdepozpama e nokazan na Quz. 2, kvgemo
ceBep e zope, a uamok - Ha asBo. [lenmupbm Ha cucmemMama om npuemenu pasnoaosker u3Bou
kagwpa mk. emasonsm (Pabpu-ITepo Gewe nakaonen na 20° cnpamo nopmaanomo noaoskenue.

Ha opuzunasnume nezamuBu ce Bwkgam (makap u B no-masvk obem, omkoskomo na
cHumkume om 1998 2.) omgeanu emucuonnu ppazmenmu na K Call ¢ gonaepoBo ommecmBane. Hali-
3abeaekumuam gemaiia e pasnoaosken B obaacm ¢ NO3UNUOHEH B2hA ~- 104° u XEAUOUEHMPUHHO
pazcmosivue 20R .. ToBa go usBecmna cmenen moke ga ce cyuma 3a nomBupkgenue na
peayamamume om 3am1,wienuemo na 26 ¢ebpyapu 1998 2.

ITpu cpaBuenue na noayuenume unmepdepozpamu om geme nbanu cawviueBu 3ambmHenus
moske ¢ zoaaMa yBepenocm ga ce HanpaBu 3akalouenuemo, ue e peaucmpupato pesonancuo cBemene
na tionume na Call, nokasBawo gonsepolo usmecmBane. Tosu pesyamam Hue unmepnpemupame

.



