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Monday 8 September, 2015

09:00 – 09:50 Registration 
09:50 – 10:00 Welcome by organisers and local dignitary 

Session: Physics of magnetosphere & ionosphere (I)
Chair: Y. Voitenko 
10:00 – 10:30 V .Korepanov: Power lines emission in the ionosphere (CT) 
10:30 – 11:10 Y .Rapoport: Wave coupling in the lithosphere-atmosphere-
ionosphere-magnetosphere (LAIM/MIAL) system and Large-Scale MHD 
structures in the ionosphere (CT)  

11:10 – 11:40 Break, discussion and poster session 

11:40 – 12:10 A .Bespalova: Satellite observations of wave disturbances caused 
by moving solar terminator (CT) 
12:10 – 12:40 L . Yankiv-Vitkovska: Recovery of the spatial state of the 
ionosphere using regular definitions of the TEC index (CT)

12:40 – 14:20 Lunch 

Session: Physics of magnetosphere & ionosphere (II)
Chair: O. Cheremnykh 
14:20 – 15:10 Y .Khotyaintsev: THOR – a mission candidate for ESA M4 (IT) 
 15:00 – 15:40 N . Salnikov: Spatio-temporal MHD-structures reconstruction 
on example of the ULF wave disturbances in magnetoshere (CT) 

15:40 - 16:10 Break, discussion and poster session 

Session: Non-linear phenomena in Space Plasmas
Chair: R. Erdélyi 
16:10 – 17:00 V . Olshevsky: Magnetic Null Points in Three-Dimensional 
Kinetic Simulations of Space Plasma (IT) 
17:00 – 17:30 B . Hnatyk: Particle acceleration in space plasma: from solar to 
ultra high energy cosmic rays (CT) 
17:30 – 18:00 Y . Kyzyurov: The role of eddy turbulence in formation of 
sporadic-E plasma layer (CT) 
18:00 – 18:20 Discussion 

19:00 – 21:00 Formal Icebreaker (Venue TBC) 
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Session: Solar Physics: Waves, flows, instabilities (I)
Chair: E. Khomenko 
10:00 – 10:50 I . Ballai: Instabilities in partially ionised prominence plasmas 
(IT) 
10:50 – 11:20 O . Cheremnykh: Theory of MHD-modes in cylindrical plasma 
flex (CT) 

11:20 – 11:50 Break, discussion and Poster Session 

11:50 – 12:40 R . Erdélyi: On Alfvén waves (IT) 

12:40 – 14:20 Lunch 

Session: Solar Physics: Waves, flows, instabilities (II)
Chair: M. Stodilka 
14:20 – 14.50 N . Gyenge: The spatio-temporal distribution of solar flare 
occurrences (CT) 
14:50 – 15:20 O . Lyubchyk: Spontaneous generation of Langmuir waves in 
presence of IAWs turbulence in the solar corona (CT) 

15.20 – 15.50 Break, discussion and Poster Session 

15:50 – 16:20 K . Vanninathan: Coronal Response to an EUV wave from DEM 
Analysis (CT) 
16:20 – 16:50 V . Fedun: Compressive modes in Magnetically twisted Flux 
Tubes (CT) 
16:50 – 17:30 Discussion 

Tuesday 8 September 2015 
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Session: Observations and modelling of solar atmospheric structures
Chair: V. Fedun 
10:00 – 10:50 D . Banerjee: Waves in coronal holes and their sources (IT) 
10:50 – 11:20 Y . Maneva: Multifluid modeling of the solar chromosphere with 
effects of impact ionization, radiative recombination and charge exchange 
(CT) 

11:20 – 11:50 Break, discussion and poster session 

Session: Solar activity and diagnostic tools
Chair: E. Scullion 
11:50 – 12:40 V . Zharkova: Irregular heartbeat of the Sun decoded with 
Principal Component Analaysis and solar activity prediction on a millennium 
scale (IT) 
12:40 – 13:10 M . Korsos: Dynamical process of active-region before the flare 
and CME occurrence (CT) 

13:10 – 14:20 Lunch 

14:20 – 18:00 Excursion 

Wednesday 9 September 2015 
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Session: Wave and turbulent heating in solar and space plasmas
Chair: S. Zharkov 
10:00 – 10:30 E . Khomenko: Heating of partially ionized solar chromosphere 
by waves in magnetic structures (CT) 
10:30 – 11:20 E . Scullion: Searching for the origins of coronal heating in the 
chromosphere (ICT) 

11:20 – 11:50 Break, discussion and Poster Session 

11:50 – 12:30 Y . Voitenko: Alfvénic turbulence and related phenomena in 
space plasmas (IT) 

12:30 – 14:30 Lunch 

Session: Helioseismology, structure and dynamics of solar interior
Chair: D. Banerjee 
14:30 – 15:20 T .Felipe: Helioseismic holography of numerical simulations of 
wave propagation through sunspot models (CT) 
15:20 – 15:50 S . Zharkov: What is a sunquake? (CT) 

15:50 – 16:20 Break, discussion and poster session 

16:20 – 16:50 M . Stodilka: Diagnostics of horizontal velocities field in the 
solar atmosphere: line BaII 4554 .03A (CT) 
16:50 – 17:20 A . Prysiazhnyi: Spatial variations of BaII 4554 .03A line 
parameters in the solar atmosphere (CT) 
17:20 – 17:40 Discussion 

18:30 Dinner (Venue TBC) 

Thursday 10 September 2015 
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Session: Linking solar interior with heliosphere
Chair: B. Hnatyk 
10:00 – 10:50 L . Pustilnik: Non-stability of solar flare models and possible 
solution of existed contradictions in approach to flare as dynamical 
equilibrium of multi-scale percolation of the magnetic tensions and currents 
(IT) 
10:50 – 11:20 V . Yatsenko: System identification, Lyapunov exponents, and 
robust bilinear forecasting of geomagnetic indexes (CT) 

11:20 – 11:50 Break, discussion and Poster Session 

11:50 – 12:20 V . Koshovyy: Some aspects of expanded interpretation of the 
term ‘geoeffectiveness’ of active solar processes (CT) 
12:20 – 12:50 M . Skulsky: Wave resonances in the structure of the Solar 
system (CT) 
12:50 – 13:00 Final remarks. Conference closed 

Friday 11 September 2015 
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Session: Solar Physics: Waves, flows, instabilities 
I . Giagkiozis: Damping of Compressible MHD Modes in Magnetically 
Twisted Flux Tubes 
A . Kryshtal: Generation of oblique Bernstein mode in solar pre-flare plasma

Session: Observations and modelling of solar atmospheric structures 
O . Baran: Vertical velocities field of photospheric convection at different 
spatial and temporal scales 
R . Dobranskis: Updated Analytical Solutions of Continuity Equation for 
Electron Beams Precipitating with Mixed Collisional and Ohmic Energy 
Losses 
T . Kiss: Temporal and spatial behaviour of chromospheric macrospicules 

Session: Spectropolarimetry and diagnostic tools
M . Hirnyak: Particle acceleration in space plasma: from solar to ultra high 
energy cosmic rays 
A . Volvach: Solar activity monitoring in radiorange by the Solar Service 
«CRIM» 
Y . Vovchyk: The artificial satellites as the indicator of the activity of Sun 

Session: Linking solar interior with heliosphere 
I . Lukyanyk: Comets as indicators of the physical conditions in interplanetary 
space 
L . Pustilnik: On non-universality of solar-terrestrial connections 

Session: Particle acceleration in the Sun & heliosphere 
Y .Kolesnyk: Application of analytical method to solve classical problems of 
modulation of GCR 

Session: Non-linear phenomena in Space Plasmas 
J .Pipaliya: Dependence of magnetic field at the front of the collisionless shock 
on plasma parameters 

Session: Physics of magnetosphere & ionosphere 
R .Nogach: Effects of artificial acoustic disturbances in the atmosphere 

Posters overview
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SESSION:  
Physics of magnetosphere & ionosphere
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Monday, September 7                                                                                Physics of magnetosphere & ionosphere 

POWER LINES EMISSION IN THE IONOSPHERE

V . Korepanov 1, F . Dudkin 2, V . Pronenko 3, D . Dudkin 4

Lviv Centre of Institute for Space Research
1 vakor@isr.lviv.ua
2 fd@isr.lviv.ua
3 pron@isr.lviv.ua
4 dd@isr.lviv.ua

Currently one of the main areas of the near-Earth space research is space weather exploration 
and forecasting . This study mainly relates to solar activity influence on the ionosphere and the 
Earth’s atmosphere (ie, the energy transfer in the direction of the Sun-magnetosphere-ionosphere-
atmosphere-surface of the Earth), and do not reflect a weak but a significant impact of the powerful 
natural and anthropogenic processes occurring on the surface of the Earth and propagating through 
the chain atmosphere-ionosphere-magnetosphere . Powerful sources and consumers of electrical 
energy (transmitters and transducers of radio waves, power plants, power lines and industrial 
objects) cause different ionospheric phenomena, for example, changes in the electromagnetic 
(EM) field and plasma parameters in the ionosphere affecting the state of the Earth atmosphere . 
Consequences of anthropogenic impacts on the ionosphere are not currently known . Therefore it 
is a very important and urgent task is to conduct a statistically significant research of ionospheric 
parameters variations due to the influence of powerful man-made factors, primarily due to the a 
substantial increase in the production of EM energy . Satellite monitoring of the ionosphere and 
magnetosphere in the frequency range from tens of hertz to tens of MHz with ground support 
offers the best opportunity to observe the EM energy release, both globally and in local scales . 
Anthropogenic EM effects in the ionosphere are already observed by the scientific satellites . 
This report presents the examples of power lines emission which were registered at “Chibis-M” 
satellite . The available experimental data are discussed and several new phenomena are described . 
The obtained results allow us with a high degree of certainty to say that the permanent satellite 
monitoring of the ionospheric anthropogenic EM perturbations can be used for an objective 
assessment of the level of energy consumption and its daily or seasonal changes . Using the 
satellite monitoring data a map of anthropogenic electromagnetic pollution of near space may be 
constructed . 
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Physics of magnetosphere & ionosphere                                                                          Monday, September 7

WAVE COUPLING IN THE LITHOSPHERE-ATMOSPHERE-
IONOSPHERE-MAGNETOSPHERE (LAIM/MIAL) SYSTEM 
AND LARGE-SCALE MHD STRUCTURES
IN THE IONOSPHERE

Yu . Rapoport 1,2, O . Cheremnykh 2, Yu . Selivanov 2, V . Grimalsky 3, 
E . Tkachenko 2, V . Fedun 4, A . Smolyakov 5, A . Koustov 5, Yu . Voitenko 6 

1 Kyiv National Taras Shevchenko Univ ., 2, Glushkova Av ., Build . 1, 03680 Kyiv, Ukraine, 
yuriy.rapoport@gmail.com
2 Space Res . Inst . NASU-NSAU, 40 Glushkov Ave, 03680, Kiev 187, Ukraine 
3 Autonomous Univ . of Morelos, Av . Universidad, 1001, Z . P . 62210, Cuern ., Morelos, Mexico 
4 Dept . Automat . Control and Syst . Eng ., The Univ . Sheffield, Mappin Str .,Sheffield, 1 3JD, UK 
5 Dept . Phys . Eng . Phys ., Univ . of Saskatchewan, 116 Science Place, Saskatoon, SK, S7N 5E2 Canada 
6 Space Phys . Div, Belgian Inst . for Space Aeronomy Ringlaan-3-Avenue Circulaire 
B-1180 Brussels Belgium 

The new two-dimensional MHD model of the evolution of large-scale vortex with characteristic 
dimensions between hundreds kilometers and Earth’s radius has been developed relaxing the 
“beta-plane” approximation . The next order effects of Earth’s rotation and the vertical velocity are 
taking into account . The model also includes planetary electro magnetic waves as a special case . 
The main results are following: (1) within the F-layer of ionosphere the large-scale vortex can keep 
its shape and structure for a long time (up to few thousand seconds) in comparison to the large-
scale vortex in the “beta-plane” model [Rapoport et al ., Ann . Geophys . 2014]; (2) the possibility of 
formation of “self-consistent” structures at altitudes 250-350 km is shown . New results on large-
scale vortexes and acoustic gravity waves obtained in the present theory are important for better 
understanding of the Space Weather drivers including the ionospheric responses to influences 
“from above” (magnetosphere, solar wind) and “below” (lower atmosphere, earthquakes, cyclones 
etc .) . A new nonlinear model of acoustic gravity waves propagation up to the ionospheric altitudes 
and the new algorithm and for the electromagnetic channel for seismo-ionospheric coupling will 
be also discussed briefly . Future work will include consideration of external sources of various 
physical nature and structure and investigation of a possibility of LSV excitation in the ionosphere 
by waves generated in the atmosphere and magnetosphere . 

Acknowledgement. This publication is based on a work supported in part by STCU Project 6060, 
Theoretical and experimental investigations of the resonant phenomena in the near-space plasma . 
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Monday, September 7                                                                Physics of magnetosphere & ionosphere 

SATELLITE OBSERVATIONS OF WAVE DISTURBANCES 
CAUSED BY MOVING SOLAR TERMINATOR

A . Bespalova 1, A . Fedorenko 2, O . Cheremnykh 3, I . Zhuk 4

Space Research Institute of NASU&SSAU, Kyiv, Ukraine
1 bezanna399@gmail.com
2 aurora28@i.ua
3 oleg.cheremnykh@gmail.com
4 zhukigor@gmail.com

In this work we present the result of experimental investigations of acoustic - gravity waves (AGWs) 
which were generated by moving solar terminator . It is known that AGWs play a significant role 
in dynamic and energetic of Earth’s atmosphere . They also can provide transfer of energy between 
different atmosphere layers . 
For analysis we have used in situ measurements getting on low-latitude satellite “Atmosphere 
Explorer-E” . The investigations have been implemented by using the concentration of neutral 
particles, such as molecular nitrogen and atomic oxygen at heights from 250 to 400 km . We have 
limited our analysis by considering the disturbances with the wave scales over 500 km . 
After analyzing, we find that the acoustic-gravity waves follow the solar terminator . Moreover, the 
acoustic-gravity waves localize in 6-9 SLT in the morning and in 20-23 SLT in the night . The main 
spectral power of fluctuations is shown to be concentrated in the range of horizontal wavelengths 
of 1000 – 1200 km . It is also shown that vertical and horizontal components of phase velocity for 
these waves coincide with the vertical and horizontal velocities of terminator and the observed 
wave mode is synchronized with it . In addition, the wave front inclines to horizon at angle 15° and 
the wave energy almost propagates along the front . 
The research leading to these results has received funding from the Science and Technology Center 
in Ukraine, Project 6060 . 
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Physics of magnetosphere & ionosphere                                                             Monday, September 7

RECOVERY OF THE SPATIAL STATE OF THE IONOSPHERE 
USING REGULAR DEFINITIONS OF THE TEC INDEX

L .M . Yankiv-Vitkovska1, S .H . Savchuk1, V .K . Pauchok2, Ya .M . Matviichuk1, 
D .I . Bodnar2

1 Lviv Polytechnic National University, luba_y@ukr.net
2 Ternopil National Economic University

Application of a network of continuously operating reference stations to determine numerical 
characteristics of the Earth’s ionosphere allows creating an effective technology to monitor the 
ionosphere regionally . This technology is intended to solve both scientific problems concerning 
the space weather, and practical tasks such as providing coordinates of the geodetic level accuracy .
Thus, for the calculated numerical characteristics of the ionosphere that reflect the determined 
functional dependencies from the time of the individual system parameters and processes of 
different nature, a universal algorithm of regularized identification of mathematical macro models 
was developed .
The practical implementation of this algorithm improves the processing of the measured data, 
monitoring tools, recovery of missed measured data and its prediction .
For continuously operating reference GNSS stations, the results of the determined ionization 
identifier TEC (Total Electron Content) that describes the number of ions in the atmosphere on 
the line between the ground station and the moving satellite accumulate . On the one hand, this 
data reflects the state of the ionosphere during the observation; on the other hand, it is a substantial 
tool for accuracy improvement and reliable determination of coordinates of the observation place .
Thus, it was decided to solve a problem of restoring the spatial position of the ionospheric state 
or its ionization field according to the regular definitions of the TEC identifier, i .e . STEC (Slant 
TEC) . We described one of the possible solutions that is based on the application of the regularized 
approximation of functions with numerous variables .
The resulting error indicators show that the developed algorithm gives consistent results for 
ionization field restoration that do not depend on the ionosphere state, satellites positions and 
changes in number of stations in the network used for computations . Instant accuracy of the 
ionization field restoration is acceptable for our problem . To improve the described method, we 
need to conduct research to explain the structure of the approximating polynomial and search for 
additional computation tools to increase the approximation accuracy in the observational nodes 
and prevent rapid change of the approximating polynomial beyond these nodes . 
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Monday, September 7                                                  Physics of magnetosphere & ionosphere 

THOR – A MISSION CANDIDATE FOR ESA M4

Yu . V . Khotyaintsev 1, A . Vaivads 2 , and the THOR team
Swedish Institute of Space Physics
1 yuri@irfu.se
2 andris.vaivads@gmail.com

We present a mission concept THOR (http://thor .irfu .se) which is one of the three candidate 
missions for ESA M4 currently in the study phase by ESA . The scientific theme of the THOR 
mission is turbulent energy dissipation and particle energization . The THOR mission aims to 
address such fundamental questions as how energy is dissipated at kinetic scales, how energy is 
partitioned among different plasma components, what is the relative importance of waves and 
coherent structures in the dissipation processes . To reach the goal a careful design work of the 
THOR mission and its payload has been done and it is based on the earlier mission concepts 
of Tor, EIDOSCOPE and Cross-Scale . The THOR orbit is tuned to maximize data return from 
magnetosheath, shock, foreshock and pristine solar wind . We present the basic concepts of the 
THOR mission, THOR’s payload and the major science questions to be addressed .



17UKUS 2015

Physics of magnetosphere & ionosphere                                                       Monday, September 7

SPATIO-TEMPORAL MHD-STRUCTURES 
RECONSTRUCTION ON EXAMPLE OF THE ULF WAVE 
DISTURBANCES IN MAGNETOSPHERE

N . Salnikov 1, O . Cheremnykh 2, A . Tsvirchkova 3

1 Space Research Institute of NASU and SSAU, salnikov.nikolai@gmail.com
2 Space Research Institute of NASU and SSAU, oleg.cheremnykh@gmail.com
3 NTUU Kyiv Polytechnical Institute , atsvirchkova@gmail.com

Modern studies of complex space phenomena strongly depend on measurements acquired mainly 
from space- and ground-based systems . The data obtained in such a way can be either one-
dimensional (in the case of trajectorial measurements) or, at best, two-dimensional (in the case of 
photographic images), but full (i .e . three-dimensional) evolution of the studied processes may be 
reproduced only by means of numerical modeling . Afterwards the performed computations are 
being compared with available measured data for consistency . 
Magnetohydrodynamics (MHD) equations supply highly accurate description of many processes 
on the Sun, in the solar wind and in the Earth magnetosphere . Space plasma is sufficiently not 
uniform and analytical solutions of the MHD equations can be obtained only for very specific 
cases . The simulation based on MHD equations is a main way to receive spatial picture of processes 
in space plasma . The simulation results should be compared to available measurements . 
The authors proposed the method of spatial-temporal MHD-structures reconstruction based 
on the use of numerical model of the studied phenomenon and available measurements data 
obtained from different measurements units . The problems of estimating parameters governing 
the total process evolution within a certain area are known in mathematical physics as inverse 
problems . Since the measurement data usually contain noises, and the model does not include 
some unmeasurable factors, the resulting restoration problem has no unique solution . This case is 
overcome by the use of regularization methods which extend the problem definition in such a way 
that the solution becomes unique . At present, the most commonly used improvement techniques 
for the ill-posed inverse problems include among others the Tikhonov regularization . We propose 
new approach [1] to the problems when complexity of the mathematical models serves as 
regularization parameter . In the case of linear model this parameter is simply the model dimension . 
In other words for the reconstruction problem to be well-posed the complexity of the used model 
should correspond to amount and quality of the measurement data . 
The approach is tested at the investigation problem of ultra low frequency-modes in Earth 
magnetosphere [2] . At equilibrium state the plasma is assumed to be nonuniform on radii and is 
in dipole magnetic field . The resonance MHD-modes which are transverse to magnetic field, are 
under consideration . No satellite data are available on this phenomenon . So “the measurement 
data” were obtained by means of numerical simulation and were used to illustrate the spatial 
restoration of the resonance MHD-modes with the use of the proposed approach . 

1 . Salnikov, N .N ., A .N .Salnikova . State Estimation of Distributed Parameters Systems Using Finite-Dimensional 
Models and Local Measurements with Bounded Noise// Journal of Automation and Information Sciences, 2015, 
vol .47, Issue 5, P . 42-59(DOI: 10 .1615/JAutomatInfScien .v47 .i5 .40) . 
2 . Chermnykh O .K ., Klimushkin D .Yu ., Kostarev D .V . On the structure of azimuthally small-scale ULF 
oscillations of hot space plasma in a curved magnetic field . Modes with continuous spectrum// Kinematics and 
Physics of Celestial Bodies, 2014, vol . 30, Issue 5, pp 209-222 . 
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SESSION:
Non-linear phenomena in Space Plasmas
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Non-linear phenomena in Space Plasmas                                               Monday, September 7

MAGNETIC NULL POINTS IN THREE-DIMENSIONAL 
KINETIC SIMULATIONS OF SPACE PLASMA

V . Olshevsky 1, J . Deca 2, E . Cazzola 3, M . Innocenti 4, G . Lapenta 5

1 KU Leuven, Belgium, vyacheslav.olshevsky@wis.kuleuven.be
2 University of Colorado, USA, jandeca@gmail.com
3 KU Leuven, Belgium, Emanuele.Cazzola@wis.kuleuven.be
4 KU Leuven, Belgium, MariaElena.Innocenti@wis.kuleuven.be
5 KU Leuven, Belgium, giovanni.lapenta@wis.kuleuven.be

Magnetic null points are believed to be the preferred locations in space where magnetic reconnection 
is luckily to happen, and are in the focus of interest of space missions such as Cluster and MMS . 
Kinetic particle-in-cell simulations are the primary tool for studying magnetic reconnection in 
space plasmas . Simulations of magnetic reconnection in various configurations performed with 
the implicit particle-in-cell code iPic3D revealed that nulls are ubiquitious in such models . We 
locate and identify the topological characteristics of the magnetic null points in different three-
dimensional kinetic simulations . We investigate the relevance of magnetic nulls to energy 
dissipation, turbulence and plasma instabilities . In particular, we found out that magnetic nulls of 
spiral type associated with magnetic islands and flux ropes play more important role in the energy 
release than the radial nulls . This finding is in accordance with some recent MHD simulations and 
in situ observations of Cluster .
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PARTICLE ACCELERATION IN SPACE PLASMA:
FROM SOLAR TO ULTRA HIGH ENERGY COSMIC RAYS

B . Hnatyk
Astronomical Observatory of Taras Shevchenko National University of Kyiv, Ukraine
bohdan_hnatyk@ukr.net

Cosmic rays were discovered more than a hundred years ago, but their nature and sources are still 
not well established . The Sun is the only firmly established transient source of cosmic rays with 
energies up to tens of GeV . The basic amount of galactic cosmic rays (E ≤ 10**18 eV) is thought 
to be accelerated in Supernova remnants, while potential sources of extragalactic cosmic rays               
(E> 10**18 eV) are active galactic nuclei, gamma-ray bursts and newly born millisecond pulsars .  
In report we analyze the effectiveness of the different mechanisms of cosmic ray acceleration . 
Special attention is paid to the reconnection of magnetic field lines .
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THE ROLE OF EDDY TURBULENCE IN FORMATION
OF SPORADIC-E PLASMA LAYER

Y . Kyzyurov
Main Astronomical Observatory NASU, Kyiv, Ukraine kyzyurov@mao.kiev.ua

Sporadic-E is a thin layer of enhanced ionization in the E region ionosphere . The mechanism of the 
layer formation is explained by wind-shear theory . According to the theory, the sporadic-E results 
from the interaction of plasma embedded in the neutral wind with the geomagnetic field under 
appropriate vertical profile of the horizontal wind velocity . The sporadic-E ion composition differs 
from that of the normal E-region . The ions in the layer are metallic with a very slow recombination 
reaction . It is known that eddy atmospheric turbulence exerts an essential influence on the layer . The 
turbulence defines both mean characteristics and fine structure of the layer . In the present report 
the results of wind-shear theory and the Richardson–Obukhov law for turbulent diffusion were 
used to obtain expressions that connect sporadic-E parameters with dissipation rate of turbulent 
kinetic energy . The mean rate of turbulent energy dissipation is a fundamental parameter of eddy 
turbulence and reflects the turbulent mixing intensity . The obtained expressions have allowed to 
estimate the sporadic-E thickness and its maximum plasma density when the layer was near 100 
km altitude in the mid-latitude ionosphere . It was shown that if the dissipation rate has changed 
from 4 to 40 mW/kg, the ratio of the maximum plasma density in the layer to the plasma density 
of background E-region ionosphere has decreased from 4 to 1 .3 while the sporadic-E thickness 
increased form 1 to 3 km . Thus, the eddy turbulence can play a dominant role in the formation of 
sporadic-E layers, controlling both their level above background and their shape .
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INSTABILITIES IN PARTIALLY IONISED PROMINENCE 
PLASMAS

I . Ballai
University of Sheffield, UK i.ballai@sheffield.ac.uk

Many space plasmas are in a partially ionised state, where neutrals, heavy ions and electrons 
are treated as separate fluids, however they behave in a collective manner . One example of such 
plasmas are solar prominences . 
In this talk I will review the progress made in the study of stability of partially ionised plasma, with 
special emphasis on the role played by neutrals in the stability of nences .
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TO THE THEORY OF MHD-MODES IN CYLINDRICAL 
PLASMA FLEX

O . Cheremnykh 1, A . Kryshtal 2, Yu . Ladikov-Royev 1

1 Space Research Institute of NASU&SSAU, Kyiv, Ukraine, ch_ol@ikd.kiev.ua
2 Main Astronomical Observatory, NASU, Kiev, Ukraine, kryshtal@mao.kiev.ua

One dimensional nonuniform cylindrical plasma with spiral magnetic field has been considered . 
It was assumed that equilibrium parameters of magnetic field and medium are changed across 
the magnetic surfaces . The equation for the small oscillations has been obtained . It has been 
shown that this equation is equivalent to the equation of Hain-Lüst, but it has more simple form . 
Main characterictics and conditions of the extending for the stable and unstable MHD-models 
with condinuous spectrum have been obtained . The possibility of existence of the modes with 
discrete spectrum extending inside the resonator has been demonstrated . The conditions for the 
appearance of the surface MHD-modes have been analysed . The obtained results can be used 
for the interpretation of the dynamics of solar magnetic tubes and for the analysis of the ULF 
perturbations in the magnetosphere of the Earth .
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ON ALFVEN WAVES

R . Erdélyi
The University of Sheffield, UK, robertus@sheffield.ac.uk

Detecting and analysing MHD waves in the context of solar atmospheric heating and solar magneto-
seismology by the latest suit of satellite and ground-based observations have provided a wealth of 
evidence of the physical processes present in the magnetised and dynamic solar atmosphere . Our
views have been considerably changed in light of the high spatial and time resolution observations
ground- (e .g . DST/ROSA, IBIS, CoMP, STT/CRISP) and space-based (SOHO, TRACE, STEREO, 
Hinode, SDO, and now IRIS) observations .

I will concentrate primarily on the role of Alfven waves but will also address issues related to kink 
and sausage waves present in the solar atmosphere . The current theoretical interpretations of 
the detected solar atmospheric wave and oscillatory phenomena within the framework of MHD 
diagnostics and heating will be shown . I will report our latest observational findings of potential 
MHD wave flux in the solar atmosphere with some very surprising new results that may bring us 
closer to solve the solar atmospheric heating problem .
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THE SPATIO-TEMPORAL DISTRIBUTION
OF SOLAR FLARE OCCURRENCES

N . Gyenge
University of Sheffield, UK, n.g.gyenge@sheffield.ac.uk

The aim of the presentation is to specify the spatio-temporal characteristics of flare activity observed 
by the RHESSI and GOES satellites in connection with the behaviour of the longitudinal domain of
enhanced sunspot activity known as active longitude . By using our method developed for 
this purpose we identified the AL in every Carrington Rotation provided by the Debrecen 
Photoheliographic Data . The spatial probability of flare occurrence has been estimated depending 
on the longitudinal distance from AL in the northern and southern hemispheres separately . We have 
found that more than the 60% of the RHESSI and GOES flares is located within the distance of plus/
minus 36 degrees from the active longitude . Hence, the most flare-productive active regions tend 
to be located in or close to the active longitudinal belt . This may allow to predict the geo-effective 
position of the domain of enhanced flaring probability . Furthermore, we studied the temporal 
properties of flare occurrence near the active longitude and several significant fluctuations were 
found . More precisely, the results of the method are the following fluctuations: 0 .8 year, 1 .3 year 
and 1 .8 years . These temporal and spatial properties of the solar flare occurrence within the active 
longitudinal belts could provide us enhanced solar flare
forecasting opportunity .
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SPONTANEOUS GENERATION OF LANGMUIR WAVES 
IN PRESENCE OF IAWS TURBULENCE IN THE SOLAR 
CORONA

O . Lyubchyk 1, E . Kontar 2, N . Bian 3

1 Main Astronomical Observatory, NASU, Kyiv, Ukraine, olena@mao.kiev.ua
2 University of Glasgow, Scotland, UK, eduard@astro.gla.ac.uk
3 University of Glasgow, Scotland, UK, n.bian@physics.gla.ac.uk

Imaging and spectroscopic observations confirmed the presence of Alfvén waves throughout the 
solar atmosphere . At small scales, when the perpendicular wavelength is close to the order of the ion 
gyroradius or the electron inertial length, these waves posses non-zero density and parallel electric 
field fluctuations . These fluctuations in density and electric field cause the efficient interaction of 
waves with plasma particles, either via kinetic effects at Cherenkov resonance or via collisions .
We consider quasilinear evolution of electron distribution function and spectral energy density 
of Langmuir waves in presence of inertial Alfvén waves (IAWs) turbulence . We show that 
quasilinear diffusion due to IAWs should lead to a flattened (plateau-like) distribution for the 
solar corona electrons at velocities range VTe < Vk < VA, where VTe and VA is electron thermal and 
Alfvén velocities . The local deformation of velocity distribution function due to IAWs turbulence 
leads to suppression of linear Landau damping of Langmuir waves in this resonant layer, and as a 
consequence the spontaneous generation of high level Langmuir waves can occur . Such nonthermal 
level of Langmuir wave turbulence can produce intense electromagnetic radiation at a frequency 
close to the electron plasma frequency . Possible applications regarding type I solar radio emission 
are briefly discussed .
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CORONAL RESPONSE TO AN EUV WAVE FROM DEM 
ANALYSIS

K . Vanninathan 1, A . Veronig 2, K . Dissauer 2, M . Madjarska 3, I . Hannah 4

1 University of Graz, Austria, kamalam.vanninathan@uni-graz.at
2 University of Graz, Austria
3 Armagh Observatory, Northern Ireland, UK
4 University of Glasgow, Scotland, UK

EUV (Extreme-Ultraviolet) waves are globally propagating disturbances that have been observed 
since the era of the SoHO/EIT instrument . Although the kinematics of the wave front and secondary 
wave components have been widely studied, there is not much known about the generation and 
plasma properties of the wave . In this paper we discuss the effect of an EUV wave on the local 
plasma as it passes through the quiet corona . We studied the EUV wave, generated during the 2011 
February 15 X-class are/CME event, using Differential Emission Measure diagnostics . We analysed 
regions on the path of the EUV wave and investigated the local density and temperature changes 
before, during and after the passage of the wave . From our study we have quantitatively confirmed 
previous results that during wave passage the plasma visible in the Atmospheric Imaging Assembly 
(AIA) 171 A channel is getting heated to higher temperatures corresponding to AIA 193 A and 211 
A channels . We have calculated an increase of 6-9% in density and 5-6% in temperature during 
the passage of the EUV wave . We have compared the variation in temperature with the adiabatic 
relationship and have quantitatively demonstrated the phenomenon of heating due to adiabatic 
compression at the wave front . However, the cooling phase does not follow adiabatic relaxation but 
shows slow decay indicating slow energy release being triggered by the wave passage . Our results 
provide support for the case that the event under study here is a compressive fast-mode wave or 
a shock .
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COMPRESSIVE MODES IN MAGNETICALLY TWISTED 
FLUX TUBES

V . Fedun 1, I . Giagkiozis 2, G . Verth 3, R . Erdelyi 4

The University of Sheffield, Sheffield, UK
1 v.fedun@sheffield.ac.uk
2 i.giagkiozis@sheffield.ac.uk  
3 g.verth@sheffield.ac.uk
4 Robertus@sheffield.ac.uk

Observational evidence suggest that twisted magnetic flux tubes are ubiquitous in the Sun’s 
atmosphere . In this work we advance the study of compressible modes in twisted magnetic flux 
tubes . The external magnetic twist is assumed to be zero, constant and inversely proportional to 
the distance from the tube boundary . In general case, by using perturbation theory we obtain and 
approximate but insightful solution to the full problem proving that Alfven and sausage waves 
become coupled . We compared our theoretical results with observations and comment on what the 
Doppler signature of these modes is expected to be .
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WAVES IN CORONAL HOLES AND THEIR SOURCES

D . Banerjee
Indian Institute of Astrophysics, Bangalore, India, dipu@iiap.res.in

Coronal holes are associated with rapidly expanding open magnetic fields and acceleration                  
of the fast solar wind . Slow waves are ubiquitously observed in coronal holes and active region 
fan loops . These waves cause periodic disturbances in intensity and are mostly identified from the 
alternate slanted ridges in the space-time maps . They are observed to have a range of periodicities 
from 3 to 30 minutes and are found to be rapidly damped . I will focus on their characteristic 
properties including damping . These characteristics allows us to perform coronal seismology . 
In the context of the current space missions like IRIS, the wave identification and their source 
identification will be also presented .
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MULTIFLUID MODELING OF THE SOLAR 
CHROMOSPHERE WITH EFFECTS OF IMPACT 
IONIZATION, RADIATIVE RECOMBINATION 
AND CHARGE EXCHANGE

Y . Maneva 1, A . Alvarez Laguna 2, A . Lani 3, S . Poedts 4

1 KU Leuven, Belgium, yana.maneva@wis.kuleuven.be
2 KU Leuven and von Karman Institute for Fluid Dynamics, alejandro.alvarez.laguna@vki.ac.be
3 von Karman Institute for Fluid Dynamics, Belgium, lani@vki.ac.be
4 S . Poedts, CmPA at KU Leuven, Belgium, stefaan.poedts@wis.kuleuven.be

Neutrals play an important role in the evolution of the weakly ionized solar chromosphere where the 
number density of neutrals can vastly exceed the number density of protons . Therefore modeling 
the neutral-ion interactions and studying the effect of neutrals on the ambient plasma properties 
is an important task for better understanding the observed emission lines and the propagation of 
disturbances from the photosphere to the transition region and the corona . To pursue this goal we 
have developed a two-fluid simulation setup to study the interaction between ions and neutrals 
in a reactive gravitationally stratified collisional media . The model considers the electrons and 
ions as a single fluid within the resistive MHD approach with Coulomb collisions and anisotropic 
heat flux determined by Braginskii’s transport coefficients . Separate mass, momentum and energy 
conservation equations are considered for the neutrals and the interaction between the two fluids 
is determined by the chemical reactions, such as impact ionization, radiative recombination and 
charge exchange . To initialize the system we consider an ideal gas equation of state with equal initial 
temperatures for the ions and the neutrals and different density profiles . The initial temperature 
and density profiles are height-dependent and follow VAL C atmospheric model for the solar 
chromosphere . We have searched for a chemical and collisional equilibrium between the ions and 
the neutrals in the hydrostatic case to avoid unphysical outflows and artificial heating induced 
by initial pressure imbalances . As a next step we consider ion-neutral interactions in magnetized 
plasma with an initial magnetic profile, corresponding to emerging magnetic funnel . Finally we 
include an external driver to launch MHD waves and follow their propagation in the system .
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IRREGULAR HEARTBEAT OF THE SUN DECODED WITH 
PRINCIPAL COMPONENT ANALAYSIS AND SOLAR 
ACTIVITY PREDICTION ON A MILLENNIUM SCALE

V . Zharkova 1, S . Shepherd 2, E . Popova 3, S . Zharkov 4

1 Northumbria University, Newcastle, UK, valentina.zharkova@northumbria.ac.uk
2 Bradford University, UK, s.j.shepherd@brad.ac.uk
3 Moscow University, Russia, popovaelp@mail.ru
4 Hull University, UK, S.Zharkov@hull.ac.uk 

Principal components analysis (PCA) of temporal magnetic field variations is carried over the solar 
cycles 21-24 reveal two main magnetic waves generated by the solar dynamo . The waves have close 
frequencies (covering 40% of data variance) while travelling with an increasing phase shift to the 
same hemisphere from opposite hemispheres . These PCs are shown to be best proxies of solar 
activity . Extrapolation of the 2 PCs through their summary curve backward for 2000 years reveals a 
number of ~350-year grand cycles superimposed on 22 year-cycles with the features showing a 
remarkable resemblance to sunspot activity reported in the past . The summary curve calculated 
forward for the next millennium predicts further three grand cycles with the closest grand 
minimum occurring in the forthcoming cycles 25-27 when the two magnetic field waves have a 
phase shift of 11 years . These grand cycle variations are probed by Parker’s two layer dynamo model 
with meridional circulation revealing two dynamo waves generated with close frequencies . Their 
interaction leads to beating effects responsible for the grand cycles (320-400 years) superimposed 
on standard 22 year cycles and for the super-grand cycle of 1800-2000 years . This approach opens a 
new era in investigation and prediction of solar activity on long-term timescales .
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DYNAMICAL PROCESS OF ACTIVE-REGION
BEFORE THE FLARE AND CME OCCURRENCE

M . Korsos
The University of Sheffield, UK, m.korsos@sheffield.ac.uk

The present work is based on the SOHO/MDI-Debrecen Data (SDD) and the SDO/HMI-Debrecen 
Data (HMIDD) catalogues . The aim of the study is to follow and identify unique characteristic 
temporal variations in sunspot groups in order to provide diagnostic tools for the forecast of 
imminence of flare and CME eruptions . In the first instance we propose the introduction of 
two potential pre-cursor parameters: the sum of the horizontal magnetic gradient (GS) and the 
separateness (Sl–f) parameters . Characterisation of the level of mixed states, by comparing their 
temporal variations with the onset of flare-class and the linear velocity of associated CME in the 
preceding 24, 48 and 72 hours . We demonstrate that these new measures may be able to yield 
characterisation of an AR that produces energetic flare(s) . Next, and perhaps most importantly, 
we argue that Sl–f and the daily average of GS together may even be able to provide an estimate of 
the linear speed of an associated CME . We also justify how these parameters are suitable for the 
probability of X, M, and C class flare/CME risk assessment in the next 24,48 or 72 hours . A reliable 
forecast procedure is unlikely to be based on a single physical approach . Another our method 
employes the weighted horizontal magnetic gradient, an appropriately defined proxy measure 
of the magnetic non-potentiality, at the photosphere derived from the observed line-of-sight 
component of the field . This novel parameter, i .e . the horizontal gradient of magnetic field between 
two subgroups of spots with opposite polarities at the polarity inversion line of active regions (ARs) 
is investigated . This new proxy greatly enhances the capability of forecast, including (i) intensity of 
imminent flares, (ii) the accuracy of onset time prediction, (iii) CME risk assessment, (iiii) whether 
a flare, stronger than M5 in terms of the GOES classification, is followed by another event within 18 
hours . 
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HEATING OF PARTIALLY IONIZED SOLAR 
CHROMOSPHERE BY WAVES IN MAGNETIC STRUCTURES

E . Khomenko 1, S . Shelyag 2, R . Kostik 3

1 Instituto de Astrofisica de Canarias, Spain, khomenko@iac.es
2 School of Mathematical Sciences, Monash University, Australia, sergiy.shelyag@monash.edu
3 Main Astronomical Observatory, Kiev, Ukraine, kostik@mao.kiev.ua

This contribution presents observational evidences of the mechanical energy supply in the form 
of upward propagating waves leading to increase of chromospheric facular brightness . We then 
perform numerical modeling of non-linear wave propagation in magnetic flux tubes including 
effects of partial ionization . We show that perturbations caused by magnetic waves can be effectively 
dissipated due to ambipolar diffusion . The energy input by this mechanism is continuous and is 
shown to be more efficient than dissipation of static currents, ultimately leading to chromospheric 
temperature enhancement in magnetic structures .
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SEARCHING FOR THE ORIGINS OF CORONAL HEATING 
IN THE CHROMOSPHERE

E . Scullion 1, L . Rouppe van der Voort 2

1 Trinity College Dublin, Ireland, scullie@tcd.ie
2 University of Oslo, Norway

Energy and mass are coupled through small-scale structures in the solar chromosphere from the 
photosphere and solar interior to contribute towards heating and dynamics across a broad range 
of scales the solar corona . The mechanism by which this energy channelling occurs is a continued 
source of investiagation in solar physics . One such significant portal for energy transfer is in the 
form of rapidly evolving fast spicules (aka type-II spicules, RBE and RRE events) which persist 
ubiquitously across the solar atmosphere in both active and quiet sun regions . Yet it not always 
clear where the footpoints of coronal loops (the building blocks of the solar corona) appear in the 
chromosphere, with regard to the occurance of such fast spicule events . Here we present detailed 
spectral imaging analysis of fast chromospheric spicules, as observed with the CRISP instrument at 
the Swedish 1-m Solar Telescope, to investigate the key properties of fast spicules that make them 
an important source of coronal loop foot-point heating, as observed co-spatially and co-temporally 
with the Solar Dynamics Observatory AIA instrument . We can make clear distinctions between 
spicules which are associated with loop foot-point heating to millions of Kelvin and those which 
contribute less energy to the corona . We find that the energy contribution per spicule may not 
be the most important parameter, but rather, the frequency of occurnece of fast spicules per unit 
volume is of greater importance in making a clear association with loop foot-points .
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ALFVENIC TURBULENCE AND RELATED PHENOMENA 
IN SPACE PLASMAS

Yu . Voitenko 1, J . De Keyser 2, V . Pierrard 3

Belgian Institute for Space Aeronomy, Belgium
1 voitenko@oma.be
2 johandk@oma.be
3 viviane.pierrard@oma.be

Alfvénic waves and turbulence are widespread in the solar corona, solar wind, and Earth’s 
magnetosphere . They contribute to energy transport and release in solar-terrestrial connection 
chain and influence space weather . I will discuss recent progress in the theory of Alfvénic turbulence 
and its application to observed phenomena . Anisotropic spectral dynamics of the turbulence at 
short kinetic scales is of particular interest, as it defines how the turbulence is dissipated and the 
plasma is energized . In this talk I will focus on the turbulence dissipation due to its interaction with 
plasma ions, which leads to their anisotropic heating and acceleration . Two particular examples 
will be considered in more details: (i) parallel ion acceleration and beam formation in the solar 
wind, and (ii) perpendicular ion acceleration in the terrestrial aurora . These phenomena appeared 
to be common in plasmas penetrated by kinetic-scale Alfvénic turbulence .
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HELIOSEISMIC HOLOGRAPHY OF NUMERICAL 
SIMULATIONS OF WAVE PROPAGATION THROUGH 
SUNSPOT MODELS

T . Felipe 1, D . Braun 2, A . Crouch 2, A . Birch 3

1 Universidad de La Laguna, Spain, tobias_ext@iac.es
2 NorthWest Research Associates 
3 Max Planck Institute for Solar System Research, Germany

Sunspots are one of the most prominent manifestations of solar magnetic activity and have been 
studied using local helioseismology for decades . Recent modeling and observational studies indicate 
that the interpretation of travel-time shifts is still subject to uncertainties regarding the physical 
causes of the wave perturbations . Numerical wave propagation has proved useful in addressing 
this problem . In this work, we have analyzed travel-time shifts obtained from three dimensional 
numerical simulations of wave propagation in a magnetohydrostatic sunspot-like atmosphere . In 
particular, we isolate the individual effects of the magnetic field and thermal perturbations on the 
measurements by means of simulations where only one kind of perturbation (magnetic or thermal) 
is included . The resulting travel-time shift maps, obtained by applying helioseismic holography to 
the photospheric Doppler signals in the simulated domain, will be compared and discussed . 
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WHAT IS A SUNQUAKE?

S . Zharkov 1, C . Macrae 2

University of Hull, UK, s.zharkov@hull.ac.uk

Sunquakes were first predicted in 1972 by Wolff and are seen in the Sun’s photosphere as a burst of
outwardly emanating ripples, caused by sudden a release of energy below the surface that produces
sound waves . In the years after the first reported observation of a sunquake by Kosovichev and 
Zharkov in 1998 only a limited number of flares were seen to be seismically active . More recently, 
the continuous view of the Sun at high spatial resolution given by SDO and new techniques for 
the reliable detection of sunquakes has led to an increasing number of observations of seismically 
active events . However, there is still a number of events where the results of current detection 
methods are inconclusive . 

In this statistical study of acoustically active flares we present the automated code for detection of
sun-quakes and evaluate the acoustic emission statistics, paying particular attention to properties 
of flares with lower acoustic emission, seeking to establish a well-defined threshold for detection .
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DIAGNOSTICS OF HORIZONTAL VELOCITIES FIELD
IN THE SOLAR ATMOSPHERE: LINE BAII λ4554 .03Å

M . Stodilka
Ivan Franko National University of Lviv, Ukraine, sun@astro.franko.lviv.ua

A new method to reconstruct the field of horizontal velocities at the centre of the solar disk is 
proposed . It is based on the data of 2D spectral observations of high spatial and temporal 
resolution . The approach relies on the solution of inverse problem of radiative transfer to estimate 
the thermodynamical and kinematic parameters of the solar atmosphere, with the horizontal 
velocities evaluated by hydrodynamic equations . We investigated the diagnostic possibilities of the 
line BaII 4554 .03 Å (with the hyperfine structure and isotope splitting taken into account) for 
studing horizontal velocity field of the solar atmosphere . The numerical techniques are proven to 
be robust and accurate diagnostics of velocity field (Vx, Vy, Vz) in the photospheric layers of the 
solar atmosphere, at spatio-temporal scales of granules and subgranules . 
Keywords: solar atmosphere, horizontal velocities . 
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SPATIAL VARIATIONS OF BAII λ4554 .03Å LINE 
PARAMETERS IN THE SOLAR ATMOSPHERE

A . Prysiazhnyi
Ivan Franko National University of Lviv, Ukraine, andrij13p@gmail.com

Solar spectrum includes several spectral lines of neutral barium and large number lines of ionized 
barium . Spectral lines of barium ions are interesting for several reasons . Firstly, barium lines are 
formed in a wide range of heights – from low photosphere to low chromosphere, including the 
temperature minimum region, which gives the opportunity to explode properties of the solar 
atmosphere in this range of heights . Secondly, a large atomic weight of barium makes these lines 
insensitive to thermal motions . They are good indicator of convective and wave motions in the 
solar atmosphere . Thirdly, in the barium spectrum lines are poorly blended, they can be used in 
methods of spectral diagnostics of the solar atmosphere . Among the barium ions spectral lines 
of most interest are two lines: λ4554 .03Å and λ6496 .90Å . This paper studies the spatial variation 
of parameters BaII λ4554 .03Å line in the solar spectrum . We used observational data with high 
spatial and temporal resolution in BaII λ4554 .03Å line [2], provided to us by scientists MAO NASU . 
Theoretical profiles of selected line were obtained within a multidimensional Asplund model [1] . 
Profiles were calculated by solving the equation of radiative transfer and statistical equilibrium 
equations using accelerated Λ-iteration method . Dependencies between central residual intensity, 
half-width, equivalent width of the line profiles and continuum intensity was plotted for theoretical 
and observational data . The Asplund model, in which calculates theoretical profiles, ignores 
the presence of a temperature minimum . This explains the disagreement of observational and 
theoretical dependencies between the central residual intensity and continuum intensity . The 
observational and theoretical dependencies between the equivalent width and continuum intensity 
are in good agreement . This is due to the fact that in the temperature minimum region (where 
the model incorrectly describes temperature dependence) is formed only the central part of the 
spectral line, whose contribution to the equivalent width is small . 

References 
1 . M . Asplund Line formation in solar granulation . III . The photospheric Si and meteoritic Fe 
abundances // Astronomy & Astrophysics, 2000, - V . 359, - P . 755-758 
2 . R . Kostik, E .V . Khomenko Properties of convective motions in facular regions // Astronomy & 
Astrophysics, 2012, - V . 545, A22, - P . 1-9
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NON-STABILITY OF SOLAR FLARE MODELS AND 
POSSIBLE SOLUTION OF EXISTED CONTRADICTIONS
IN APPROACH TO FLARE AS DYNAMICAL EQUILIBRIUM 
OF MULTI-SCALE PERCOLATION OF THE MAGNETIC 
TENSIONS AND CURRENTS .

L . Pustilnik
Israel Cosmic Ray and Space Weather Center, Israel, levpust@post.tau.ac.il

Observed huge energy release of magnetic energy above active regions into thermal energy of 
heated plasma, kinematic energy of ejected coronal plasma (CME) and non-thermal energy of 
accelerated particles (solar cosmic ray) lead to univocal conclusions – source of the energy for flare 
may be only force free magnetic fields and place, where process of abnormal fast conversion of 
magnetic energy to heating, kinematical motion and particle acceleration may be exclusively Thin 
Turbulent Current Sheet (TTCH), formed in region magnetic singularity or transition layers with 
magnetic shear between different magnetic flux . This classical approach meets with two principal 
contradictions: a) existence of the numerous ultrafine current magnetic threads with constant 
sequences (and, correspondingly, magnetic fields in threads) from photosphere level to corona . 
The ensemble equilibrium of these current magnetic threads cannot be described as force-free 
in all volume and it must be caused by stabilization factor of freezing foots of the threads into 
massive photosphere; b) inner instability of classic turbulent current sheet what must be disrupted 
during first milliseconds to numerous turbulent and normal domains with dropped conductivity, 
controlled by local current density . 
Resulted pre-flare equilibrium state may be considered as ensemble of forced current-magnetic 
threads with strong interaction between neighbours’ elements and percolated magnetic tension 
through the ensemble from photosphere to corona . Increasing of magnetic tensions and currents 
more than critical level lead to formed 3-D ensemble of current’s network of thin current surfaces 
and threads, its disruption, tubulisation and conversion into percolated current system through 
resistors network . 
This approach allow to understand flare as phase transition in current percolated system with 
natural explanation of fractal power like distribution of flare frequency from flare energy and 
universal power like spectrum of accelerated particles (both electrons and protons) from their 
energy . 
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SYSTEM IDENTIFICATION, LYAPUNOV EXPONENTS, 
AND ROBUST BILINEAR FORECASTING 
OF GEOMAGNETIC INDEXES 

V . Yatsenko
Space Research Institute of NASU-SSAU, Kyiv, Ukraine, vyatsenko@gmail.com

An approach based on nonlinear dynamical models and local Lyapunov exponents are used to 
analyze measurements of the geomagnetic indexes and solar wind parameters . This report starts 
with the physical basis for and a brief description of the system approach . Following that, several 
examples illustrate practical issues in temporal and spatiotemporal prediction and bilinear 
modeling . A robust bilinear model which describes the dynamics of the Dst index driven by VBs is 
identified directly from experimental measurements . This report analyzes the variation of Lyapunov 
exponents (LE) for solar and geomagnetic activity indices during CMEs . It is shown that the LE 
of these solar and geomagnetic activity indices varies rapidly during CMEs . The variation in LEs 
creates a pattern as a precursor for the forthcoming CME . This precursor, which is an oscillation in 
the values of Les, begins several steps sooner than the CME’s occurrence . Methods of identifying 
bilinear systems from recorded input-output data are discussed in this report . The identified 
bilinear model is then used to forecast the evolution of the Dst index . For the investigation of robust 
forecasting, we perform a simulation study to demonstrate the applicability and the forecasting 
performance . The concluding remarks discuss the future developments in this research direction . 

PROGRESS, a new Horizon 2020 funded project, aims to address these issues . This talk will provide 
a review of PROGRESS achievements, current status and aims for future development 
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SOME ASPECTS OF  EXPANDED INTERPRETATION
OF THE TERM ‘GEOEFFECTIVENESS’
OF ACTIVE SOLAR PROCESSES

V . Koshovyy 1, O . Ivantyshyn 2, A . Lozynskyi 3, V . Mezentsev 4, O . Alokhina 5
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2 Karpenko Physico-Mechanical Institute of the NASU, Ukraine, oliv@ipm.lviv.ua
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For scientists who study various aspects of solar-terrestrial relationships, the impact of active solar 
processes on the state of Geosystem biotic and abiotic components is obvious, but not always with 
predictable consequences . In the problem of solar-terrestrial relationships the extent and nature of 
this impact are defined by the term «geo effectiveness» of solar events .
In modern scientific literature, this term is often associated with the probability of occurrence 
of certain events with causal relationships, basically, with occurrence of geomagnetic storms 
caused by solar processes . In this paper,  somewhat the expanded interpretation of the term «geo 
effectiveness» of solar event is proposed .
In  the  report,  the  results  of continuous experimental  researches  fulfilled  by  the  authors  during 
2010-2015 at the nature reserved territory of  Western Polesie of Ukraine, are presented, including 
researches  of  sporadic  components  of  solar  radioemission   (with  use  of  the  decameter  radio 
telescope URAN-3), of atmospheric infrasonic and electric fields (with use of developed technical 
means)  .
Literary and Internet data on parameters of active solar processes, and also information on other 
physical fields and natural  geomagnetic disturbances, accompanying these  processes,  have  been 
also analyzed . The experimental data for both events, namely for disturbances of geophysical fields 
caused by active solar processes, and for reactions of patients with cardiovascular diseases in the 
period before and after the solar event, were also compared .
Results of analysis allow to hypothesize that the ecological status of the biota, in particular, human 
health  state,  is determined  not  only  by disturbances  of  the  geomagnetic field,  as  it  is  currently 
viewed in the scientific literature . Namely aggregate action of all geophysical fields (geomagnetic, 
infrasonic and geoelectric) disturbances conditioned by active solar processes, plays a decisive role 
in this process .
Biota reaction on active solar events may outpace a maximum of geomagnetic disturbances and 
may  appear  much  later .  Qualitatively  this  behavior  is  typical  for appearance of disturbances 
of atmospheric infrasonic and geoelectric fields  caused by these solar events, and for reactions of 
patients with cardiovascular disease . It may indicate the presence of other agents of influence, not 
connected with corpuscular streams from the Sun .
These researches are performed in a frame of the project of the Target Complex Program of the 
NAS of Ukraine on Scientific Space Researches for 2012-2016 . 
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WAVE RESONANCES IN THE STRUCTURE
OF THE SOLAR SYSTEM

M . Skulsky
Lviv Polytechnic National University, Ukraine, mysky@polynet.lviv.ua

The spatial organization of the Solar planetary system is described by two interrelated kinematic 
algorithms of the single wave mechanism that is similar to the phenomenon of standing waves 
with length λ/2 (here: λ = cP = 19 .24 AU, c is the speed of light and P = 160 min is a period of 
global oscillations of the Sun) . The principle of the ordering for outer planets and dwarf planets is 
represented in the wave form as a=nλ/2 or a=(2n+1)λ/4 (where a is a semi-major axis and n is a 
whole number) and arranges these planets at distances from the Sun proportional to a quarter and 
a half of the wavelength (Jupiter – λ/4, Saturn – λ/2, Uranium – 2λ/2, Neptune – 3λ/2, Pluto – 4λ/2, 
Eris – 7λ/2) . The principle of the orbit ordering for inner planets is expressed as 2πa = mλ‘ with the 
step λ‘ = (1/12)λ/2 and m = 3, 6, 8, 12 for orbit lengths from Mercury to Mars that is commensurable 
with the length of standing wave λ/2 and its harmonics . Importantly, it was revealed an explicit 
resonance of proper oscillations of the Sun and planets . Their global periods are virtually multiples 
to kP/2, where k = 1, 2, 3 . These signs of a quantization of the gravitational interaction of the Sun 
as a star and planets are related to the length of the standing wave λ/2 . Wave and gravitational 
resonances put questions about their origin in the Solar system . Also such interconnected findings 
should be considered as essential on the background of the current knowledge about the laws of 
structuring planets in the Solar and exoplanet systems . 

Key words: Solar system, proper oscillations . 
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DAMPING OF COMPRESSIBLE MHD MODES 
IN MAGNETICALLY TWISTED FLUX TUBES

I . Giagkiozis 1, V . Fedun 2, G . Verth 3, T . Van Doorsselaere 4, M . Goossens 5

1 The University of Sheffield, Sheffield, UK, i.giagkiozis@sheffield.ac.uk
2 The University of Sheffield, Sheffield, UK, v.fedun@sheffield.ac.uk
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Damping due to resonant absorption is absent from sausage modes in magnetic flux tubes with 
straight magnetic field . However, in presence of internal and external magnetic twist, the Alfven 
coupling coefficient is no longer zero and as a consequence resonant absorption appears . In this 
work we study the expected damping times for waves in the Alfven continuum for various solar 
atmospheric conditions . We obtain a complex dispersion relation and the associated damping 
times are identified by numerically solving this equation . Based on this model we can explain 
recent observations of sausage wave damping in the chromosphere .
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GENERATION OF OBLIQUE BERNSTEIN MODE IN SOLAR 
PRE-FLARE PLASMA

A . Kryshtal 1, V . Fedun 2, S . Gerasimenko 3, A . Voitsekhovska 4

1 Main astronomical observatory, Kyiv, Ukraine, kryshtal@mao.kiev.ua
2 The University of Sheffield, UK v.fedun@sheffield.ac.uk
3 Main Astronomical Observatory, Kyiv, Ukraine, sg_5@ukr.net
4 Main Astronomical Observatory, Kyiv, Ukraine, annavoy@mao.kiev.ua

In this work we analytically study the generation process of the first harmonics of pure electron 
weakly oblique Bernstein modes . This mode can appear as a result of rise and development                        
of a corresponding instability in the solar active region . We assumed that this wave mode was 
modified by the influence of a pair Coulomb collisions and a weak large-scale sub-Dreicer electric 
field in pre-flare chromosphere near the foot-point of a flare loop . To describe the pre-flare plasma 
we have used the FAL model of the solar atmosphere . We have shown that generated first harmonic 
is close to the upper-hybrid frequency . This generation process begins at the very low threshold 
values of the sub-Dreicer electric field and well before the beginning of the ‘pre-heating’ phase                   
of a flare . The necessary conditions for existence of non-damped first harmonics of oblique 
Bernstein waves with small amplitudes in the considered area has been investigated .
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VERTICAL VELOCITIES FIELD OF PHOTOSPHERIC 
CONVECTION AT DIFFERENT SPATIAL AND TEMPORAL 
SCALES

O . Baran
Ivan Franko National University of Lviv, Ukraine, lesiaab@gmail.com

We reproduced vertical velocity field of real photospheric convection by solving the inverse 
problem of nonequilibrium radiative transfer using neutral iron line λ≈639 .3nm profiles . The 
convective component of vertical velocities is separated using k-ω filtration . 
We obtained power spectra of vertical velocity at different photospheric levels (h = -25÷550 km) 
and got the following results: 
• The main power is localized in the range corresponding to granulation with a peak at scales 
of about λ=1 .5÷2 .0 Mm in the lower photosphere and decreases with height, in the upper 
photosphere maximum of the power spectrum is shifted towards larger scales (∆λ≤1 Mm) , but 
again granulation . 
• The power of vertical velocity fluctuations of supergranulation (λ≈20÷30 Mm) practically does 
not change with height . 
• A separate regime of mesogranulaton (λ≈5÷12Mm) was not found at all altitudes studied . 
We analyzed the stratification of vertical velocities of the photospheric convection on different 
spatial scales: 
• Vertical velocities of solar convection are maximal in the lower photosphere (h=0 km): they reach 
values |V|≈0 .5 km/s and more on granular scales and |V|<0 .15 km/s on larger (mesogranular) 
scales; higher they decrease . 
• The velocity inversion was found within 12% of the granular cells and within 23% of the 
mesogranular cells during their evolution at the heights from about h≈200 km and higher (up to 
the heights of temperature minimum) . 
• In the solar photosphere vertical velocities on the supergranular scales reach values |V|<0 .05 
km/s and they slightly change with altitude, penetrating to the temperature minimum and higher . 

Аccording to the obtained results the convective structure of the solar photosphere on mesogranular 
scales behaves like the granulation -- mesostructures appear as a part of a broad distribution of 
granular scales . It is shown that supergranular flows are stable along the whole photosphere and 
reach much higher layers than the granular ones . 
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UPDATED ANALYTICAL SOLUTIONS OF CONTINUITY 
EQUATION FOR ELECTRON BEAMS PRECIPITATING 
WITH MIXED COLLISIONAL AND OHMIC ENERGY 
LOSSES

R . Dobranskis 1, V . Zharkova 2

Northumbria University, Newcastle, UK
1 r.dobranskis@yahoo.com
2 valentina.zharkova@northumbria.ac.uk

In this paper we present updated analytical solutions of continuity equations for power law beam 
electrons precipitating a) in pure collisions, b) in pure Ohmic losses and c) in mixed energy losses . 
The corrected solutions for pure collisions result in electron beam differential densities having 
energy spectra with the index of –(γ+ 1)/2, which is lower by 1/4 from the index of –(γ + 0 .5)/ 2 
obtained from the continuity equation normalised on electron ux . This correction also changes the 
index of mean electron spectra to –(γ– 2 .0) (for CE for electron density) from –(γ– 2 .5) (for CE for 
flux) . The similar characteristics method is applied to continuity equation (CE) for electron density 
with pure Ohmic losses . Then the updated analytical solutions of CE for electron density are found 
at different precipitation depths for beam electrons precipitating in Ohmic losses towards the 
photosphere (μ= +1) and «returning» to the corona (μ= –1) . This allows us to correct the spectral 
index for electron energy spectra for a constant electric field and to calculate energy spectra for 
a variable electric field . These solutions are combined iteratively with the corrected analytical 
solutions for pure collisions for calculation of beam electron differential density for mixed (Ohmic 
and collisional) energy losses (MEL) . The outcomes are compared with the numerical results 
found from the Fokker-Planck (FP) solutions for beams with the same parameters and the energy 
loss mechanisms . The HXR intensities for relativistic cross-section are also calculated from the 
iterative MEL solutions revealing a close resemblance to the numerical FP solution, while being up 
to 30 times faster than FP simulations . This method for mixed energy losses allowing to evaluate 
a role of return current on HXR photon spectra is implemented in IDL code to be used for quick 
estimation of the effect of Ohmic losses versus collisions from HXR observations by RHESSI or 
FERMI instruments . The method is applied to interpretation of energy spectra for a few flares of 
different classes showing a remarkable fit to observations .
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TEMPORAL AND SPATIAL BEHAVIOUR
OF CHROMOSPHERIC MACROSPICULES

T . Kiss 1, S . Bennett 2, N . Gyenge 3, R . von Fay-Siebenbürgen 4
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The Solar Dynamics Observatory (SDO) satellite provides great oppurtunity for better 
understanding of small scaled chromospheric jets, the macrospicules . Based on the unique spatial 
and temporal resolution observations – provided by the Atmospheric Imaging Assembly’s (AIA) of 
the SDO – we created a 4 .5 year time period macrospicule dataset between June 2010 and December 
2014 on 30 .4 nm wavelenght . The first investigation of the data revealed several promising results 
such as the temporal variation of the maximum physical length of the macrospicules which shows 
a nearly two years long oscillation .
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INVESTIGATION OF ACTIVE SOLAR REGIONS ON 
MESOSCOPICAL LEVEL
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Allocation of different types of solar activities – spots, flares, flashes, prominences – is a disclosure 
of solar global magnetic field effect . Generation of global magnetic field is a result of stochastic 
moves of solar plasma and so magnetic field is a random function of coordinates and time . This way 
we can explain usage of stochastic method from Markov processes for dynamics of active regions 
(AR) and energy accumulation process investigation on mesoscopical level . 
The stochastic method that we use is developed in details in the work [Chumak O .V ., Chumak Z .N . 
// Kinematics and physics of celestial bodies – 1987 . – V . 3, № 3 . - P . 7-13] . To make a prognosis of 
AR properties activities for different earliness (from few hours to few days) method of moments 
of function distribution is used . In case of Markov processes this link can be explained by Fokker-
Planck equation . 
We used observed database about photosphere and chromosphere conditions in several active 
regions NOAA AR , that occurred on the solar disc during the 23-rd cycle of solar activity . We’ve 
got the information from Astronomical observatory of Ivan Franko National University of Lviv and 
partially from the internet data: //ftp .ngdc .noaa .gov/STP/SOLAR DATA/ . 
As representative parameters that describe active regions we choose available for us characteristics 
of solar spots with different magnetic polarity, space, coordinates, speed of their movement . At 
the same time we assume that spaces of spots with various polarities are proportionable to flow of 
magnetic field with the same polarity . 
Those parameters have practical concern – some of them determine magnetic dipole moment of 
AR, some – allow determining levels of magnetic field groups imbalances, for active areas and 
others – help to determine level of groups complexity, i .e . – interpenetration level of fields with 
opposite signs etc . 
Analysis of results allows us to get significant information about kinematic 
movement in AR , about energy movement of different spots, about speed of energy accumulation 
and energy reduction in AR, describe morphodynamics of range of activities . Practically those 
variables are important prognostic parameters concerning evolution of AR that may be used to 
forecast flare activity in AR and moment of time when this activity may occur . Short-term forecast 
(for several days) of solar activity was done and before-flash evolution specificity of AR was 
revealed . 
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SOLAR ACTIVITY MONITORING IN RADIORANGE
BY THE SOLAR SERVICE (CRIMEA)

A . Volvach
Crimean Astrophysical Observatory, volvach@meta.ua

Energy of the Sun is the basic source of most physical and chemical phenomena that take place 
in an atmosphere, the hydrosphere and in the superficial layer of litosphere of Earth . Changes of 
amount the Sun energy stipulate by itself the dynamics of air and water masses, serve, probably, 
as a trigger mechanism of earthquakes and volcanic activity . Appearance of spots on the Sun is 
accompanied strengthening of flux of corpuscles with the frieze magnetic field in a surrounding 
regions of Earth, and by the origin of magnetic storms . Field of spots penetrates in the higher placed 
layers of atmosphere of a Sun, which results in the origin of sources of promoted radio emission, 
intensity of which can in tens and hundreds times to exceed the intensity of radiation of all quite 
Sun . Variations of level of this radiation are registered on Earth by radio-telescopes regardless of 
the state of weather . Consequently, the radio emission is the very sensible and reliable indicator of 
the state of sun activity . Research of changes of radio flux is of direct practical interest in connection 
with the necessity of prognosis and diagnostics of the state of environment . Disturbance which 
arose up near-by the surface of the Sun crosses the different layers of solar atmosphere, causing 
the bursts of radio emission in a range of wave lengths from centimeters to meters . The radio 
waves of centimeters go out from more deep layers and contain information about the region of 
energy release of flash, and the waves of meters carry an information about distribution of speed-
ups particles, which follow to Earth . Thus, variations of radio emission are a very informing 
parameter which represents current activity of the Sun . Four robotic radio telescope combined 
into solar service «CRIM», have been observing the Sun in monitoring mode and alerts . Data radio 
monitoring of solar activity stored in digital form on exposed sites and global solar service in real 
time . The the Service Sun «CRIM» is a receipt of observational information in radiorange about 
current status of Sun activity in those clock of days, when other observatories of world network of 
the stations are on the nightly side of Earth .

Posters                                                                    Wave and turbulent heating in solar and space plasmas
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THE ARTIFICIAL SATELLITES AS THE INDICATOR
OF THE ACTIVITY OF SUN 

Y . Vovchyk 1, S . Apunevych 2, Y . Blagodyr 3, A . Bilinskyy 4,
K . Martynyuk-Lotockyy 5

Ivan Franko National University of Lviv, Ukraine,
1 evavovchyk@ukr.net
2 sofiya.apunevych@gmail.com
3 Ja.blagod@gmail.com
4 slr1831@ukr.net
5 langurek@gmail.com

One of the main directions of world space science is the studying of processes in the near-Earth 
space caused by solar activity . The essential impact of this activity on the artificial satellites was 
observed . The activity of the Sun affects the workability and movement of artificial space satellites, 
as it increases the flow of accelerated particles, which causes powerful geomagnetic storms . This 
leads to a malfunction of electronic systems, navigation of spacecrafts, to output down some of 
them . As the example one could take the event that take place during peak 23rd cycle of solar 
activity with satellite ADEOS- 2 . Another aspect of the impact of this flow is heating the Earth’s 
upper atmosphere, causing it significant expansion . As a result of unpredictable growing resistance 
of the movement of artificial satellites on the low orbits(LEO), causing a decrease in their orbits . 
The resistance that grew makes satellites closer to the Earth, and that increases the speed of their 
rotation and the probability of falling . 
At the normal conditions the major axis of the elliptical orbit of spacecraft decreases no more 
than 1 m per day . Such change is easy to adjust using shunting engines . After powerful solar flares 
change of the density of the upper atmosphere leads to variations in the speed of satellites a few 
meters per hour . Enlargement atmosphere especially affect Earth observation satellites . Their 
positioning accuracy on the orbit are very strict requirements . Even one meter of the uncertainty 
of the satellite position means a lot . Data obtained under uncertainty orbit are so distorted that 
they become unusable . During strong solar activity orbits of the satellites can vary by tens of meters 
per day or more . For example, this happened with the satellite SPOT- 2 in October 1997, which 
changed the orbit of 30 meters per day . 
According to the data of NASA (USA), in near-Earth space are more than 17 thousand artificial 
space objects larger than 10 cm . As a result of the increasing number of man-made celestial bodies 
the number of the accidents and collisions of satellites increased . Moreover, this situation is 
aggravated under the influence of solar activity because the orbit of the satellites become unstable . 
Therefore, we can assume that the change of orbital data of artificial satellites, which could be easily 
determined from optical observations may be an indication that the Earth’s atmosphere have been 
significant change . Parallel monitoring of the solar activity would answer the question whether 
these changes actually was caused by solar activity  . 
As in Lviv Astronomical Observatory is the possibility of simultaneous optical observations sun 
and artificial celestial bodies, we plan to conduct research to identify changes in the behavior of 
artificial satellites under the influence of solar activity . 
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As you know the comet does not own magnetosphere . Exploring the physical conditions in comets, 
we actually get the physical conditions in interplanetary space . The comet C/2014 Q2 (Lovejoy) 
is studied in this paper . The comet was observed at observation station of Research Institute 
«Astronomical Observatory» Odessa National University named after I .I . Mechnikov in Mayaki 
(№583) with help of RC-800 telescope (D = 80 cm, F = 214 .0 cm, CCD camera MicroLine 9000, 
without filters) February 7, 2015 . The field of view telescope ~ 2 grd . This made it possible to 
register the plasma tails at a great distance from the nucleus . To study the physical conditions in the 
plasma tail of a comet, Shulman’s diffusion model is used . The profiles (longitudinal and transverse) 
and corresponding theoretical curves of diffusion model is constructed after standard photometric 
reductions . The physical parameters (speed, lifetime fluorescent ions, longitudinal and transverse 
diffusion coefficients, limits of the magnetic field) of plasma tail of comet is calculated .
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ON NON-UNIVERSALITY OF SOLAR-TERRESTRIAL 
CONNECTIONS 

L . Pustilnik
Israel Cosmic Ray and Space Weather Center, Israel, levpust2149@gmail.com

Non-universality of the solar-terrestrial connection (STC) caused by complex and dynamical 
character of the dynamo process in the Sun and of the non-stability of the global atmospheric 
circulation in the Earth  . This reason leads from time to time to drastically change of the STC 
manifestations as whole and, partly, to change of the phase relations between different forms of the 
Earth environment responses and magnetized sunspot driver of solar activity (SA) . Physical reason 
of this non-stability is complexity of dynamo-processes, controlled solar activity as whole . The 
dynamo mechanism includes few basically elements (differential rotation, solar convection and its, 
toroidal and poloidal magnetic fields, global circulation and more) . All this elements are connected 
one to another with direct and feedbacks causal-reason relations between them . In result solar 
cycle has dynamically change in amplitude, period and phase . This non-stability leads to different 
phase pattern of main manifestations of solar activity and its non-stability (sunspots number, flares 
frequency (with different phase patterns for different amplitudes), coronal holes, chromosphere 
emission and more) . When this non-stability overlaps on non-stability of the global atmospheric 
and oceanic circulation, it leads to complex and non-stable response of the earth weather and 
climate on solar activity . We discuss this non-universal character of STC and its sequences for 
identification of solar variability in atmospheric processes and in possible agriculture and market’s 
response . We propose set of necessary conditions and possible scenarios of SCT taking in account 
of non-stability of SCT .
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We propose development of an analytically-iterative method for solving steady as well as unsteady
problems of Galactic Cosmic Rays (GCR) modulation . The method is based on the small GCR 
anisotropy during their propagation in the space . Iterations for solving problems are based on the 
spherically symmetric form of GCR propagation equation . The testing of the method was done by 
comparison of an analytical solutions with solutions which were obtained by the using numerical 
methods such as Crank-Nicolson and Monte-Carlo backward in time method .
We considered problems in which LIS spectrum has the form Cpα and solar wind speed is constant . 
For a start, a problem of modulation of GCR where the diffusion coefficient is constant was 
examined . It was shown that the using only two iterations, the obtained solution has much better 
accuracy than the numerical solutions . Further, a problem of modulation of GCR for case the 
diffusion coefficient is a proportional momentum (p) of the particle so that has the form χ=χ0η 
where η=p/m0c was considered . It has been shown the good matching of the obtained solution in 
which the used only one iteration with numerical solutions . Finally, we obtained and examined an 
analytical solution by the method for classical problem of modulation of GCR where the diffusion 
coefficient has the form χ=χ0βη where β=v/c .

Posters                                                                 Particle acceleration in the Sun & heliosphere 
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DEPENDENCE OF MAGNETIC FIELD AT THE FRONT
OF THE COLLISIONLESS SHOCK
ON PLASMA PARAMETERS

J . Pipaliya
The University of Sheffield, Sheffield, UK, jivraj@hotmail.co.uk

The concept of the Collisionless shocks is very important for space physics, solar physics  
and astrophysics . They exist in the vicinity of supernova remnants, planetary bow and 
interplanetary shocks, gamma ray bursts and shocks in binary systems . The in-situ measurements  
of the formation and structure of a Collisionless shock are possible only in the heliosphere . 
Therefore, the information collected during planetary missions is extremely important for advance 
of the physics of collisionless shocks . Some planetary missions lack comprehensive plasma 
measurements, which are needed to calculate the Mach number . In the present work we have used 
Cluster data to develop proxy parameters for the Mach number as a function of the shock geometry 
and change of the magnetic field in the shock transition region .
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EFFECTS OF ARTIFICIAL ACOUSTIC DISTURBANCES
IN THE ATMOSPHERE

R . Nogach
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Observation of the Sun by ground means depends on environmental conditions . Atmospheric 
state effects optical observations, ionospheric state effects registration of electromagnetic waves 
at different bands . 
One of the factors, which has effect on the atmosphere and ionosphere is atmospheric infrasound . 
Acoustic waves of infrasonic range are generated by different ground sources . Moreover, 
atmospheric infrasound is generated under the solar radiation influence . 
Investigations of environmental effects of active acoustic disturbances in the atmosphere are 
carried out in Lviv Center of Institute of Space Research . 
Acoustic disturbance source is the stationary parametric acoustic generator with emitted differential 
frequency 24 Hz and signal level 165 dB . 
Some results of investigations of environmental effects of artificial acoustic disturbances in the 
atmosphere are presented . 
As a result of investigations decreasing of ionosphere transparency for VLF electromagnetic waves 
after acoustic disturbance was discovered . As well variations of GPS coordinates of stationary 
object after acoustic disturbance were revealed .

Posters                                                                 Physics of magnetosphere & ionosphere
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UKRAINE/LVIV INFORMATION 
 

 
Emergency telephone numbers: 

 
Ambulance 103 

Police 102
Fire 101 

 
 

It is possible, that emergency service staff will not be fluent in English. It is 
suggested, in case of a need arises, to ask the help of someone fluent in 
Russian/Ukrainian to explain the nature of emergency to the service involved. 
 
Money/shopping 
 
Ukrainian local currency is Hryvnya –pronounced as “grivna”- (UAH). 
Approximate exchange rates: 
 
1 GBP = 35 UAH 
1 EUR = 24 UAH 
1 USD = 21 UAH 
 
Many, but not all shops, supermarkets and restaurants accept card payment. 
However, it is a good idea to have some pocket money while travelling. 
Hryvnyas may be withdrawn from ATMs (bankomat). Also, you can use 
exchange points (there are plenty of them) to get local currency, however, note 
that British pounds are not as widely accepted as Euros and US dollars. 
 
Travel by taxi 
 
Taxis are relatively cheap when compared to Europe. However, taxi drivers 
tend to make you pay more than the normal price. Always ask for the full price 
before you get into the taxi to avoid disappointment and unnecessary 
negotiation after you have already travelled. Taxi rides are paid by cash only, and 
it is unlikely you will get a receipt. The following is an approximate and is given 
as a guide for what you expect to pay: 
 
 
Don’t expect the services to speak English. It would be best to contact the 
conference organisers or the hotel personnel to book a taxi and arrange your 
trip for you. 
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Danylo Halytskyi International Airport "Lviv"  

is located in the southwestern part of the city and has favorable location to the main city 
infrastructure objects: 
 City center – 15 km, 17 min. by car; 
 Main Railway Station – 5.6 km, 12 min. by car; 
 Bus Station “Lviv” (109 Struyiska Str.) – 5.5 km, 10 min. by car. 
Taxi 
You can book a taxi on the official taxi operator desk located in the terminal “A”  
or by the phone: + 38 (032) 290-290-5, +38 (098) 111 12 12. 
Public transport 
City bus # 48 – Airport (New Terminal) Station 
 Fare – 4,00 UAH. 
 Headway: 10-15 min. 
 Operating hours: 7 a.m.- 10 p.m. 
Bus Route # 48: 
Forward Route: Airport (New Terminal) – Krychevskoho Str. – Lyubinska Str. – 
Kulchytska Str. – Rynok “Pivdennyi” – Kulparkivska Str. – Vasylya Symonenka Str. – 
Univermag “Okean” – Boychyka Str. – Arkasa Str. – Shumskoho Str. – Ivana 
Horbachevskoho Str. – Depo – Petro Doroshenko Str. – Svobody Ave.  
 

" Petro Doroshenko Str. "station is closest to the Conference location (approx. 1 km) 
 
Return Route: Svobody Ave.– Knyazya Romana Str. – Saksahanskoho Str. – Ivan Franko Str. 
– Part of Leisure (Park of Culture) – Depo - Ivana Horbachevskoho Str. - Shumskoho Str. - 
Arkasa Str. - Boychyka Str. - Univermag “Okean” - Vasylya Symonenka Str. - Kulparkivska 
Str. - Rynok “Pivdennyi” - Kulchytska Str. - Lyubinska Str. – Vyhovskoho Str. - 
Krychevskoho Str. – On request – Airport – Airport (New Terminal). 
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Lviv railway station 
 
The Main railway station in Lviv, Ukraine also known as Lviv-Main. It is one of the most 
notable pieces    of Art Nouveau architecture in former Galicia. The station was opened to the 
public in 1904, and celebrated its centennial anniversary on 26 March 2004. 
 
Public transport 
 
Tramways 
The fare is 2 UAH (general), and 1 (for schoolchildren and students). You can purchase tram 
tickets in “Interpress” and “Vysoky Zamok” kiosks, as well as in Lviv Municipal Services 
“Lviv Electrical Transportation” sales areas and from the driver inside the tram. 
The ticket must be validated when you get on the tram. Put the ticket in the validator which 
is usialy hanging on the wall of the tram, and pull the lever down to validate. Keep your ticket 
with you during the whole trip as most Lviv controllers are rather strict. 
 
No. 1 Central Railway Station – Chernivetska Street (Suburban Railway Station) –S. Bandery 
Street – Kopernyka Street – Doroshenka Street – Rynok Square – Ruska Street – Pidvalna 
Street –Vynnychenka Street – I. Franka Street – Vitovskoho Street – KotlyarevskohoStreet –
 Kyivska Street – S. Bandery Street– Chernivetska Street (Suburban Railway Station) – 
Central Railway Station 
 
Tram #1: " Doroshenka Street" station is closest to the Conference location 
 
No. 6  Central Railway Station – Chernivetska Street – Horodotska Str. – Trade center 
"Magnus" – Teatralna Str. – Osmomysla Sq. – Zamarstynivska Str. – Haidamatska Str. – 
Bohdana Khmelnytskoho Str. – Promyslova Str. – Mykolaichuka Str. (Lypynskoho Str.) 
 
Tram #6: "Trade center "Magnus"" and "Teatralna Str" stations are closest to the 
Conference location 
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Central Bus Station 
You can get from the Bus Station to the conference location and vice versa by:  
– Bus No. 3A  
 
 

Language, phrasebook 
 
When in Ukraine, it is definitely worth to know the Cyrillic alphabet, and it 
is not much different from Latin. Ukrainian is the most commonly used language 
in Lviv but Russian is known practically by everyone local people. Many people 
can understand English, but not so many are speakin fluent. 
 
The following phrases would be helpful in communicating with local people: 
 
Yes / No Так / Ні Tak / Ni 
Hello Доброго дня Dobroho dnya 
Goodbye 
Please 

До побачення 
Прошу 

Doh pobachennya 
Proshu 

Thank you 
I am sorry (excuse me) 

Дякую 
Пробачте 

Dyakouyou 
Probachte 

Help! 
How much does it cost? 

Допоможіть! 
Скільки це коштує? 

Dopomozhit'! 
Skil'ky tse koshtuye? 
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Tourist  attractions 
There are plenty of them! To obtain more information on tourist attractions around Lviv 
please ask the hotel personnel or the conference organisers. 

History and architecture 

 
Beauty that conquered time 

It took centuries and only the best European architects to build Lviv as we see it today. And 
only 60 years ago, when Lviv became part of the USSR, communist ideologists were hatching 
destructive plans – to destroy the old city to the ground and instead build wide typical Soviet 
boulevards with a gigantic monument to Lenin on the High Castle mountain. 

In that instance, the fate spared the city, as it had done before. It is truly unbelievable, but 
despite the two World Wars that had swept through Lviv (during the past 100 years the city 
changed government seven times as a result of military action), all architectural masterpieces 
reached our times in their original form. 

Lviv is a unique combination of Western and Eastern cultures. Where else one can see such 
wonderful samples of Ukrainian, Polish,Armenian, Jewish, German, Austrian and other 
cultures within a span of a 10-minute walk? 

Lviv is a hidden pearl of Europe, which is slowly being discovered by the world. Even 
experienced travelers say that for them Lviv is one of the most unexpected discoveries. 
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Festivals and traditions 

A year-round party 
One moment you are tasting traditional 
dishes at the «Lviv frying pan» festival, 
the Chocolate festival or the Wine and 
Cheese festival, the next moment you are 
participating in a populous festive parade 
during one of the numerous religious 
holidays, and later on you are enjoying 
jazz performances of world renowned 

starts like Wynton Marsalis. You can find yourself in the midst of festivities in completely 
unexpected places, not just central squares and concert halls. 
Imagine that you are strolling through the city and suddenly you find yourself at a Feast of 
Armenian street or Klezmer festival in the Jewish quarter of Lviv. Immediately, you get an 
invitation to join the festivities, and you won’t be able to leave without trying the various 
treats and traditional drinks. 
The true fans of Lviv come to the city several times a year, because they don’t want to miss 
their favorite events. 

From Pinzel to Masoch 
The range of artistic Lviv is impressive. On the one 
hand, it is the city of classical art. Lviv Opera, Lviv 
Philharmonic are places that can satisfy the 
demands of true appraisers of the classical arts. This 
is the city of one of the most distinguished sculptors 
in Europe Johann-Georg Pinzel, whose works can 
be seen on the facade of the St. George’s Cathedral 
in Lviv and in the Pinzel Museum. This is also the 

city of Solomiya Krushelnytska, who began as a singer of Lviv Opera, later becoming the 
primadonna of La Scala Opera in Milan. 
On the other hand, it is the city of fresh ideas and unusual characters. In one of the streets 
near the Rynok square you bump into a modest monument to the writer Leopold von 
Sacher-Masoch. You find out that this person, whose last name was used to name such a 
phenomenon as «masochism», lived and created in Lviv, and his works were published in 
thousands of copies. 
Several blocks away is the Armenian street, where a center of contemporary art is located – 
the gallery «Dzyga» and numerous other galleries and antiques shops. 
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Sweet promenades 
History sets both tone and tastes. In 1683, a native 
of Sambir region (near Lviv), a merchant and a 
translator Yuri-Franz Kulchytsky became one of 
the heroes in the defense of Vienna from the 
Turks. Kulchytsky, who had perfect command of 
Turkish, accomplished a courageous espionage 
operation that became crucial in breaking the 
Austrian capitals’ siege. As a reward from the 

grateful people of Vienna, the Ukrainian received 300 sacks of coffee from the Turkish camp 
and a building in Vienna’s center, where a coffee shop «Under the blue bottle» soon opened 
its doors to the visitors. 
And so that is how coffee came to Central Europe. Later, with the advent of Austrian rule in 
Galicia in late 18th century, the sweet traditions were firmly rooted and acquired a local 
coloring in Lviv. Today Lviv is a paradise for sweet tooths. 
The city boasts of dozens of places, where wonderful coffee and hot chocolate are prepared, 
and where a variety of sweets are made on location. To pay tribute to tradition, most sweets 
shops are decorated in the style of Austro-Hungarian monarchy. You get immersed in the 
times of Emperor Franz-Joseph, and will be surprised to find the 21st century outside. 

AtmosBeeeer! 
If you ask a Lviv resident to introduce you to the local beer and cuisine, they will not make 
you suffer through their endless tales that beer has been brewed in Lviv since 1425; that the 
local brewery, built in 1715 and functioning till this day, is older than the renowned 
«Guinness»; that in the times when Lviv was under the Soviet rule, special flights with boxes 
of Lviv beer were sent to the Kremlin bosses in Moscow. Lviv citizens do not overburden 
their guests with these glorious historical facts. However, they are very concerned about 
leaving you with a good impression. 
That is why immediately upon meeting you, a Lviv city dweller will take you to one of the 
numerous local pubs and establishments and will successfully convince you to give your 
preference exclusively to local breweries big and small, which brew live beer without any 
additives. With your beer you will taste dishes of the local cuisine – an extraordinary mixture 
of traditional Ukrainian, Polish, Austrian, Armenian dishes. Many restaurants produce their 
own beer. Then he will get you acquainted with all the regulars of the local establishments, 
who will entertain you with a plethora of interesting stories. 
Dublin, Munich and Prague better make space, because Lviv undoubtedly should be added to 
this list of world beer capitals. 
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Events in September 
Lviv International Book Fair 
Dates: September 9–13, 2015 (parallel with the 
Conference) 
Location: Lviv city and Lviv region 
Website: www.bookforum.com.ua 
Tel. number: (032) 276 41 52 
Lviv International Book Fair (“Lviv Publisher’s Forum”) is 
the biggest in Ukraine and it is included into the 

Frankfurt Calendar of the World Largest International Book Fairs. 
 
The Publishers’ Forum program includes: International Literary Festival, “The Best Book of 
the Forum” competition, forum of librarians, business forum, and book fair. All events will 
be traditionally held in different theaters, museums, galleries, libraries, and coffee shops. 
Forum is a great way to measure how successful Ukrainian publishers were during the year. 
 

”Vereteno” (“Spindel”)  
Authentic Art festival 
Dates: September, 2015 
 
Location: Open Air Museum of Folk Architecture and 
Rural Life (1, Chernecha Hora Street).  
Tel. number: (032) 243 78 23, (032) 247 03 81 
 

“Vereteno” festival is a gathering of authentic groups from all regions of the Western 
Ukraine. They represent traditional folk art: very old songs, folk trio musicians’ 
performances, ritual ceremonies which recall the ancestors’ lifestyle. Classes of weaving, stove 
decorating and reeled doll making are very popular among children. Everyone who loves 
dancing is invited to the ancient authentic dance lessons. But the main idea of the festival is 
the demonstration of the art of Embroidery. 
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Festival “The World of Dolls” 
Dates: September 2015 

Location: The Place of Arts (Copernicus st., 17) 

Tel. number: (067) 949 07 14, (067) 340 02 46, (097) 137 05 86 

This is a third festival of hand-made dolls and Teddy bears, 
which aims at the introducing of new techniques of dolls 
making and at the cooperation of professionals in this sphere. 

During the festival an unbelievable amount of dolls will be 
presented: from ethnic hand-made Ukrainian dolls to dolls 

made from all kinds of material, including ceramics, hay, wood, and glass. Visitors will be 
able to enjoy not just the exhibition itself, but also they will have a chance to learn the 
technique of doll making, to visit master classes, to watch documentary about this unusual 
art. And of course they could buy the doll they liked the most! 

 

City Holiday 
“Have a Cup of Coffee  in Lviv” 
Dates: September, 2015 
 
Location: City Hall Courtyard (Rynok square 1)  
Tel. number: (032) 294 96 44 
For the 7th time Lviv invites everyone for the cup of coffee! 
Special Lviv coffee has already become a symbol of the 

most romantic Ukrainian city. Tourists from all over the world visit Lviv to enjoy our 
unforgettable coffee and to get to know people in Lviv who are known as great coffee lovers 
and who know many secret recipes of this drink. This holiday of coffee has become for Lviv 
and its visitors a wonderful symbol of this gorgeous city in fall. 
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