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GRAVITY-ANTIGRAVITY INTERPLAY ON Mpc SCALE

A.D.Chernin

Sternberg Astronomical Institute, Moscow University,
Universitetsky Pr. 13, Moscow, 119919, Russia, chernin@sai.msu.ru

ABSTRACT. It is demonstrated that the major
physical features of the local expansion flows of
galaxies are due to antigravity domination in the
dynamics of the systems.

Keywords: Cosmology: dark energy, local expansion
flows.

1. Introduction

In 1998-99, the discovery of dark energy (Riess
et al., 1998, Perlmutter et al. 1999) opened new
wide prospectives in cosmology (see, for instance,
Byrd et al. 2012, and references therein). With dark
energy, a new ”antigravity” force has entered the
cosmic scene, and it has been soon realized that the
gravity-antigravity interplay is the major dynamical
factor that controls the global cosmological expansion
at distances of 1 000 Mpc and more. The astronomical
findings made near the cosmic horizon have provided
us as well with new reliable grounds for better un-
derstanding of astronomical phenomena at relatively
small, non-cosmological distances. In this way, it was
found that the local expansion motions of galaxies
at distances of the order of ∼1 Mpc are also ruled
by gravity-antigravity interplay (Chernin 2001, 2008,
2013 and references therein). Local dynamical effects
of dark energy are in the focus of our discussion here.

2. Local dark energy

Due to the cosmological discoveries (Riess et al.,
1998, Perlmutter et al. 1999), we know now that dark
matter and dark energy are the basic components of
the present-day Universe. The fractions of dark energy
and dark matter in the entire mass/energy balance of
the observed Universe are about 70 and 26%, respec-
tively. The usual (baryonic) matter constitutes about
4%. Dark matter and dark energy do not emit, ab-
sorb, or scatter light. They manifest themselves only
by their gravity and antigravity, correspondingly. Anti-
gravity was predicted theoretically by Einstein in 1917,
when he introduced the cosmological constant Λ to the
equations of General Relativity. This constant repre-

sents dark energy and antigravity produced by dark en-
ergy in physics and cosmology. In 1922-24, the possible
existence of Einstein’s antigravity was taken into ac-
count in Friedmann’s cosmological model where Λ was
treated as a theory empirical parameter which should
be measured in astronomical observations.

The modern cosmological data show that antigrav-
ity is stronger than gravity in the observable Universe
as a whole. Because of the antigravity domination the
global expansion proceeds with acceleration: the rela-
tive velocities of receding galaxies increase with time.
Antigravity dominates at present and during the last
7 Gyr of the cosmic evolution; in the unlimited future,
antigravity domination will be even stronger than now.

Do dark energy and Einstein’s antigravity exist not
only at the global distances where it was initially dis-
covered, but also at relatively small distances around
the Milky Way Galaxy?

It comes from General Relativity that Einstein’s
antigravity is a universal (in the same sense as New-
ton’s gravity) physical factor acting actually every-
where in space, on both global and local astronomical
scales. The density of dark energy is the same ev-
erywhere in the Universe and it is given by Einstein’s
cosmological constant alone: ρΛ = Λ/(8πG), where G
is the Newtonian gravitational constant; the speed of
light c = 1 here; the dark energy density ρΛ is posi-
tive and its currently adopted value ρΛ ≃ 0.7 × 10−29

g/cm3.

On these physical grounds and with the use of the
recent most precise observational data on the local
expansion flows and their environments (Karachent-
sev 2005, Karachentsev et al. 2003, 2006, 2007) , we
worked out a theory model which is a local counterpart
of Friedmann’s cosmological model. For our model, we
adopt from General Relativity the macroscopic descrip-
tion (Gliner 1965) of dark energy as a vacuum-like con-
tinuous medium of perfectly uniform constant density
with the equation of state

pΛ = −ρΛ. (1)

Here pΛ is the dark energy pressure.

We take from General Relativity also an indication
that the ”effective gravitating density” is determined

COSMOLOGY, GRAVITATION, ASTROPARTICLE PHYSICS, HIGH ENERGY PHYSICS 

6 Odessa Astronomical Publications, vol. 29 (2016)

DOI: http://dx.doi.org/10.18524/1810-4215.2016.29.84906



by both density and pressure of the medium:

ρeff = ρ+ 3p. (2)

The effective density of dark energy, ρΛ + 3pΛ =
−2ρΛ < 0, is negative, and it is because of this sign
minus that dark energy produces not attraction, but
repulsion, or antigravity.
Finally, we borrow from General Relativity the

Köttler exact solution for a spherically-symmetrical
spacetime (known also as the Schwarzschild-de Sitter
spacetime). The solution gives the metric outside a
spherical matter mass M imbedded in the dark energy
of the density ρΛ. We use the solution in the weak
field approximation, when deviations from the Galilean
metric are small; correspondingly, the velocities of the
local motions are small compared to the speed of light
and the spatial differences of the gravity-antigravity
potential are small (in absolute value) compared to the
speed of light squared. Then the Köttler solution is re-
duced to the Newtonian description in terms of the
gravity-antigravity potential U :

Y 1/2 ≃ 1 + U, U(R) = −GM
R
− 4πG

3
ρΛR

2. (3)

In this approximation, the force (per unit mass)
comes from Eq.6:

F (R) = −dU
dR

= −GM
R2

+
8πG

3
ρΛR. (4)

We see in the rhs here the sum of the Newtonian force
of gravity produced by the massM and Einstein’s force
of antigravity produced by dark energy (the forces are
for unit mass, i.e. acceleration). It is also seen from
Eq.4 that gravity dominates at small distances from
the mass M , while antigravity is stronger than gravity
at large distances. Gravity and antigravity balance at
the distance

R = RΛ = (
M

8π
3 ρΛ

)1/3 (5)

which is the radius of the ”zero-gravity sphere”
(Chernin 2001).
The zero-gravity radius RΛ appears as the local

spatial counterpart of the ”zero-gravity moment” in
the global expansion of the Universe which occurred
about 7 Gyr ago.

3. Very Local Flow: a model

The nearest flow of galaxies is observed at the
distances of 1-3 Mpc from the barycenter of the
Local Group. This ”Very Local Flow” (hereafter
VLF) has been well studied in the recent observations
(Karachentsev et al. 2003, 2006, 2007, and references
therein). Basing on these data and the theory relations

of Sec. 2, we suggest a model of gravity-antigravity in-
terplay which controls the dynamics of local flows of
expansion (Chernin 2001, 2008, 2013). In application
to the VLF, our model treats the Local Group as a
spherical mass M = (3 ÷ 4) × 1012M⊙ with a radius
≃ 1 Mpc. According to Eq.5, the zero-gravity radius
of the group proves to be RΛ = 1.1− 1.3 Mpc which is
near its observed radial size. The model treats galax-
ies (dwarfs) of the expansion flow around the group as
”light (test) particles” moving along radial trajectories
in the force field produced by the matter mass M of
the group and the dark energy uniform background in
which both group and outflow are imbedded.
In the volume of the group, R < RΛ, the gravity

of the matter mass M is stronger than the antigravity
produced by the dark energy background in the same
volume. Because of this, the group is quasi-stationary
and gravitationally bound. Outside the group, in the
VLF area, R > RΛ, the antigravity of dark energy
dominates. Consequently, the VLF particles are un-
bound and moving with acceleration away from the
group. The particle dynamics is ruled by the equation
of motion which follows from Eq.4:

R̈(t) = −GM
R2

+
8πG

3
ρΛR. (6)

The sum in the rhs of Eq.10 is positive and growing
with the distance at R > RΛ, so that the acceleration
of the particles is increasing with the distance.
The first integral of the equation of motion is the

mechanical energy conservation law:

1

2
Ṙ2 =

GM

R
+

4πG

3
ρΛR

2 + E, (7)

where Ṙ = V is the particle radial velocity, E is a
constant which is the total mechanical energy of the
particle.
Eq.7 gives the radial phase trajectories of the ac-

celerating flow in the velocity-distance space. As we
may see, the model is completely compatible with the
data by Karachentsev et al. (2006, 2006, 2007). It
may also be seen from Eq.7 that the phase trajecto-
ries of the flow converge to the phase attractor of the
system which is the straight line V = Ṙ = HΛR. Here
HΛ = ( 8π3 GρΛ)

1/2 is the ”asymptotic Hubble factor”
which is a universal constant given by the dark en-
ergy density only: HΛ = 61 km/s/Mpc. The attrac-
tor indicates the evolutionary trend of the system: the
flow gains its nearly linear kinematic structure with the
growing distance.
Note that the asymptotic expansion rate HΛ =

( 8π3 GρΛ)
1/2 is the same for both global cosmology and

our local theory model.
Accelerating expansion flows of galaxies which

are similar to the Very Local Flow are also found
around several nearby groups and clusters of galaxies
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(Karachentsev et al. 2007, Chernin 2013). Their
spatial physical scales differ in an order of magnitude,
from ∼ 1 to ∼ 10 Mpc. Nevertheless they all reveal
the same nearly linear velocity-distance kinematic
structure with time-rates about the Hubble’s global
factor. They constitute a new and rich class of
extragalactic systems whose observational appearance,
kinematic structure and evolution are completely
due to the antigravity domination in their internal
dynamics.

4. Conclusion

The world of galaxies is a grandiose expansion flow
studied first by Vesto Slipher, Ernst Öpik, George
Lemâitre and Edwin Hubble in 1910-20s. The most
impressive discovery of that times is the linear velocity-
distance relation, V = HR, known as Hubble’s law
of cosmic expansion, where V is the receding velocity
of galaxies at the distance R and H is the “Hubble’s
factor” which is the expansion time-rate. Found at
local distances of 1-30 Mpc, Hubble’s law was widely
interpreted as the major property of the whole Uni-
verse. Meanwhile cosmological implications based on
Friedmann’s uniform model are valid only for global
distances of the order of 1 000 Mpc and larger where
the spatial distribution of galaxies is statistically uni-
form. This important point was made by Sandage et
al. (1972, 2006) and Zeldovich (1978, 1993) who seen
Hubble’s law at local distances “mysterious” and “sur-
prising”.
In this paper, the physics which is behind these sys-

tems is clarified. We show that the structure and evolu-
tion of the local flows are due to the gravity-antigravity
interplay in their dynamics.
Acknowledgements. Fruitful discussions with

G.S.Bisnovatyi-Kogan, N.V.Emelyanov and
I.D.Karachentsev are highly appreciated.
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ABSTRACT. Many new physics scenarios are
described by contact-like effective interactions that
can manifest themselves in e+e− collisions through
deviations of the observables from the Standard Model
predictions. If such a deviation were observed, it
would be important to identify the actual source
among the possible non-standard interactions as many
different new physics scenarios may lead to very
similar experimental signatures. Here we study the
possibility of uniquely identifying the indirect effects
of s-channel sneutrino exchange with double polar-
ization asymmetry, as predicted by supersymmetric
theories with R-parity violation, against other new
physics scenarios in process e+e− → µ+µ− at the
International Linear Collider.

Keywords: Elementary particles, Standard Model,
physics beyond the Standard Model.

1. Introduction

Numerous new physics (NP) scenarios, candidates as
solutions of Standard Model (SM) conceptual prob-
lems, are characterized by novel interactions mediated
by exchanges of very heavy states with mass scales sig-
nificantly greater than the electroweak scale. In many
cases, theoretical considerations as well as current ex-
perimental constraints indicate that the new objects
may be too heavy to be directly produced even at the
highest energies of the CERN Large Hadron Collider
(LHC) and at foreseen future colliders, such as the
e+e− International Linear Collider (ILC). In this situa-
tion the new, non-standard, interactions would only be
revealed by indirect, virtual, effects manifesting them-
selves as deviations from the predictions of the SM. In
the case of indirect discovery the effects may be sub-
tle since many different NP scenarios may lead to very
similar experimental signatures and they may easily be
confused in certain regions of the parameter space for
each class of models.

There are many very different NP scenarios that pre-
dict new particle exchanges which can lead to con-
tact interactions (CI) which may show up below di-
rect production thresholds. These are composite-
ness (Eichten, 1983), a Z ′ boson from models with

an extended gauge sector, scalar or vector lepto-
quarks (Buchmuller, 1987), R-parity violating sneu-
trino (ν̃) exchange (Kalinowski, 1997), bi-lepton bo-
son exchanges (Cuypers, 1998), anomalous gauge bo-
son couplings (AGC) (Gounaris, 1997), virtual Kaluza–
Klein (KK) graviton exchange in the context of grav-
ity propagating in large extra dimensions, exchange of
KK gauge boson towers or string excitations (Arkani-
Hamed, 1998), etc. Of course, this list is not exhaus-
tive, because other kinds of contact interactions may
be at play.
If R-parity is violated it is possible that the exchange

of sparticles can contribute significantly to SM pro-
cesses and may even produce peaks or bumps in cross
sections if they are kinematically accessible. Below
threshold, these new spin-0 exchanges may make their
manifestation known via indirect effects on observables
(cross sections and asymmetries). Here we will address
the question of whether the effects of the exchange of
scalar (spin-0) sparticles can be differentiated at the
ILC with a center of mass energy

√
s = 0.5 − 1 TeV

and time-integrated luminosity of Lint = 0.5 − 1 ab−1

in process

e+ + e− → µ+ + µ− (τ− + τ+), (1)

from those associated with the wide class of other con-
tact interactions mentioned above. For details of the
analysis and extended references, see (Tsytrinov, 2012;
Moortgat-Pick, 2013).

2. Observables and NP parametrization in
µ+µ− production

For a sneutrino in an R-parity-violating theory, we take
the basic couplings to leptons and quarks to be given
by

λijkLiLjĒk + λ′ijkLiQjD̄k. (2)

Here, L (Q) are the left-handed lepton (quark) dou-
blet superfields, and Ē (D̄) are the corresponding left-
handed singlet fields. If just the R-parity violating
λLLĒ terms of the superpotential are present it is clear
that observables associated with leptonic process (1)
will be affected by the exchange of ν̃’s in the t- or s-
channels. For instance, in the case only one nonzero
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Figure 1: Aν̃
double asymmetry as a function of sneutrino mass Mν̃ for different choices of λ (dashed lines) at the

ILC with
√
s = 0.5 TeV (left) and

√
s = 1.0 TeV (right), Lint = 0.5 ab−1. The horizontal solid line corresponds

to ASM
double = ACI

double = 0.48. The expected SM uncertainty shown as yellow bands.

Yukawa coupling is present, ν̃’s may contribute to, e.g.
e+e− → µ+µ− via t-channel exchange. In particular,
if λ121, λ122, λ132, or λ231 are nonzero, the µ+µ− pair
production proceeds via additional t-channel sneutrino
exchange mechanism. However, if only the product of
Yukawa, e.g. λ131λ232, is nonzero the s-channel ν̃τ ex-
change would contribute to the µ+µ− pair final state.
Below we denote by λ the relevant Yukawa coupling
from the superpotential (2) omitting the subscripts.

With P− and P+ denoting the longitudinal polariza-
tions of the electrons and positrons, respectively, and θ
the angle between the incoming electron and the out-
going muon in the c.m. frame, the differential cross
section of process (1) in the presence of contact inter-
actions can be expressed as (z ≡ cos θ):

dσCI

dz
=

3

8

[
(1 + z)2σCI

+ + (1− z)2σCI
−
]
. (3)

In terms of the helicity cross sections σCI
αβ (with α, β =

L,R), directly related to the individual CI couplings
∆αβ (see Eq. (7)):

σCI
+ =

1

4
[(1− P−)(1 + P+)σCI

LL +

+ (1 + P−)(1− P+)σCI
RR], (4)

σCI
− =

1

4
[(1− P−)(1 + P+)σCI

LR +

+ (1 + P−)(1− P+)σCI
RL], (5)

where the first (second) subscript refers to the chirality
of the electron (muon) current. Moreover, in Eqs. (4)
and (5):

σCI
αβ = σpt|MCI

αβ |2, (6)

where σpt ≡ σ(e+e− → γ∗ → µ+µ−) = (4πα2
em)/(3s).

The helicity amplitudesMCI
αβ can be written as

MCI
αβ =MSM

αβ +∆αβ = QeQµ + geα g
µ
β χZ +∆αβ , (7)

where χZ = s/(s − M2
Z + iMZΓZ) represents the Z

propagator, glL = (I l3L − Qls
2
W )/sW cW and glR =

−Qls
2
W /sW cW are the SM left- and right-handed lep-

ton (l = e, µ) couplings of the Z with s2W = 1− c2W ≡
sin2 θW and Ql the leptonic electric charge. The ∆αβ

functions represent the contact interaction contribu-
tions coming from TeV-scale physics.
The structure of the differential cross section (3) is

particularly interesting in that it is equally valid for a
wide variety of NP models such as composite fermions,
extra gauge boson Z ′, AGC, TeV-scale extra dimen-
sions and ADD model. Parametrization of the ∆αβ

functions in different NP models (α, β = L,R) can be
found in (Moortgat-Pick, 2013).
The doubly polarized total cross section can be ob-

tained from Eq. (3) after integration over z within the
interval −1 ≤ z ≤ 1. In the limit of s, t small compared
to the CI mass scales, the result takes the form

σCI = σCI
+ + σCI

− =

=
1

4
((1− P−)(1 + P+) (σCI

LL + σCI
LR) +

+ (1 + P−)(1− P+) (σCI
RR + σCI

RL)). (8)

It is clear that the formula in the SM has the same form
where one should replace the superscript CI → SM in
Eq. (8).
Since the ν̃ exchanged in the s-channel does not

interfere with the s-channel SM γ and Z exchanges,
the differential cross section with both electron and
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positron beams polarized can be written as

dσν̃

dz
=

3

8
[(1 + z)2σSM

+ + (1− z)2σSM
− +

+ 2
1 + P−P+

2
(σν̃

RL + σν̃
LR)]. (9)

Here, σν̃
RL(= σν̃

LR) = σpt |Mν̃
RL|2, Mν̃

RL = Mν̃
LR =

1
2 C

s
ν̃χ

s
ν̃ , and C

s
ν̃ and χs

ν̃ denote the product of the R-
parity violating couplings and the propagator of the
exchanged sneutrino. For the s-channel ν̃τ sneutrino
exchange they read

Cs
ν̃ χ

s
ν̃ =

λ131λ232
4παem

s

s−M2
ν̃τ

+ iMν̃τΓν̃τ

. (10)

Below we will use the abbreviation λ2 = λ131λ232.
As seen from Eq. (9) the polarized differential cross

section picks up a z-independent term in addition to
the SM part. The corresponding total cross section can
be written as

σν̃ =
1

4
(1− P−)(1 + P+) (σSM

LL + σSM
LR ) +

+
1

4
(1 + P−)(1− P+)× (σSM

RR + σSM
RL ) +

+
3

2

1 + P−P+

2
(σν̃

RL + σν̃
LR). (11)

It is possible to uniquely identify the effect of the s
-

channel sneutrino exchange exploiting the double beam
polarization asymmetry defined as (Osland, 2003)

Adouble =
(+,−) + (−,+)− (+,+)− (−,−)
(+,−) + (−,+) + (+,+) + (−,−)

, (12)

where (+,−) = σ(P1,−P2), ..., and P1,2 = |P−,+|
.

From (8) and (12) one finds

ASM
double = ACI

double = P1P2 = 0.48, (13)

where the numerical value corresponds to electron and
positron degrees of polarization: P1 = 0.8, P2 = 0.6.
This is because these contact interactions contribute to
the same amplitudes as shown in (7). Eq. (13) demon-
strates that ASM

double and ACI
double are indistinguishable

for any values of the contact interaction parameters,
∆αβ , i.e. ∆Adouble = ACI

double −ASM
double = 0.

On the contrary, the ν̃ exchange in the s-channel will
force this observable to a smaller value, ∆Adouble =
Aν̃

double − ASM
double ∝ −P1P2 |Cs

ν̃χ
s
ν̃ |2 < 0. The value of

Adouble below P1P2 can provide a signature of scalar
exchange in the s-channel. All those features in the
Adouble behavior are shown in Fig. 1.
In the numerical analysis, cross sections are eval-

uated including initial- and final-state radiation by
means of the program ZFITTER, together with ZE-
FIT, with mtop = 175 GeV and mH = 125 GeV.
As numerical inputs, we shall assume the iden-

tification efficiencies of ϵ = 95% for µ+µ− final

states, integrated luminosity of Lint = 0.5 ab−1

with uncertainty δLint/Lint = 0.5%, and a fiducial
experimental angular range | cos θ| ≤ 0.99. Also, re-
garding electron and positron degrees of polarization,
we shall consider the following values: P− = ±0.8;
P+ = ±0.6, with δP−/P− = δP+/P+ = 0.5%.
Discovery and identification reaches on the sneutrino

Table 1: Discovery and identification reaches on sneu-
trino mass Mν̃ (95% C.L.) in TeV as a function of λ
for the process e+e− → µ+µ− at the ILC.

Mν̃ (TeV) λ = 0.5 λ = 1.0
Discovery (ILC 0.5 TeV) 3.0 5.9
ID (ILC 0.5 TeV) 2.4 4.7
Discovery (ILC 1 TeV) 5.1 10.0
ID (ILC 1 TeV) 4.1 8.0
Current limits 0.9 2.0

mass Mν̃ (95% C.L.) listed in Table 1 are obtained
from conventional χ2 analysis. For comparison,
current limits from low-energy data are also shown.
From Table 1 one can see that identification of
sneutrino exchange effects in the s-channel with
Adouble is feasible in the region of parameter and
mass space far beyond the current limits.

3. Concluding remarks

In this note we have studied how uniquely identify
the indirect (propagator) effects of spin-0 sneutrino
predicted by supersymmetric theories with R-parity
violation, against other new physics scenarios in high
energy e+e− annihilation into lepton-pairs at the ILC
in process (1). To evaluate the identification reach
on the sneutrino exchange signature, we develop a
technique based on a double polarization asymmetry
formed by polarizing both beams in the initial state,
that is particularly suitable to directly test for such s-
channel sneutrino exchange effects in the data analysis.
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ABSTRACT. We study the influence of boundaries
on chiral effects in hot dense relativistic spinor matter
in a strong magnetic field which is orthogonal to
the boundaries. The most general set of boundary
conditions ensuring the confinement of matter within
the boundaries is employed. We find that the chi-
ral magnetic effect disappears, whereas the chiral
separation effect stays on, becoming dependent on
temperature and on a choice of boundary conditions.
As temperature increases from zero to large values,
a stepped-shape behaviour of the chiral separation
effect as a function of chemical potential is changed
to a smooth one. A choice of the boundary condition
can facilitate either amplification or diminution of the
chiral separation effect; in particular, the effect can
persist even at zero chemical potential, if temperature
is finite. This points at a significant role of boundaries
for physical systems with hot dense magnetized
spinor matter, i.e. compact astrophysical objects
(neutron stars and magnetars), relativistic heavy-ion
collisions, novel materials known as the Dirac and
Weyl semimetals.

Keywords: hot dense matter, strong magnetic field,
chiral effects.

1. Introduction

Properties of hot dense spinor matter in a strong
magnetic field are intensively studied during the last
decade. An interest to this subject is driven by di-
verse areas of contemporary physics, ranging from par-
ticle and astroparticle physics to cosmology and even
condensed-matter physics. Relativistic heavy-ion col-
lisions (Kharzeev D.E.: 2014), compact astrophysical
objects (neutron stars and magnetars) (Ferrario L.,
Melatos A., and Zrake J.: 2015), the early universe
(Tashiro H., Vachaspati T., and Vilenkin A.: 2012),
novel materials known as the Dirac and Weyl semimet-
als (Vafek O. and Vishwanath A.: 2014) are the main
physical systems where such studies are relevant. In
the case of temperature, chemical potential, and the in-
verse magnetic length exceeding considerably the mass
of a relativistic quantized spinor matter field, it has

been shown in theory (Metlitski M.A. and Zhitnitsky
A.R.: 2005; Fukushima K., Kharzeev D.E., and War-
ringa H.J.: 2008) that persistent and nondissipative
currents emerge in thermal equilibrium, resulting in a
variety of chiral effects in hot dense magnetized mat-
ter; see review in Miransky V.A. and Shovkovy I.A.:
2015, and references therein.

So far chiral effects were mostly considered in un-
bounded (infinite) matter, which may be relevant for
cosmological applications, perhaps. For all other appli-
cations (to particle, astroparticle, and condensed mat-
ter physics), an account has to be taken of the finite-
ness of physical systems, and the role of boundaries in
chiral effects in bounded matter has to be clearly ex-
posed. The concept of quantized matter fields which
are confined to bounded spatial regions is quite famil-
iar in the context of condensed matter physics: col-
lective excitations (e.g., spin waves and phonons) exist
only inside material samples and do not spread out-
side. Nevertheless, a quest for boundary conditions
ensuring the confinement of quantized matter was ini-
tiated in particle physics, in the context of a model
description of hadrons as bags containing quarks (Bo-
golioubov P.N.: 1968; Chodos A., Jaffe R.L., Johnson
K., Thorn C. B., and Weisskopf V.: 1974). Motivations
for a concrete form of the boundary condition may dif-
fer in detail, but the key point is that the boundary
condition has to forbid any flow of quark matter across
the boundary, see Johnson K.: 1975. However, from
this point of view, the bag boundary conditions pro-
posed in Bogolioubov P.N.: 1968, and in Chodos A.,
Jaffe R.L., Johnson K., Thorn C. B., and Weisskopf V.:
1974 are not the most general ones. It has been rather
recently realized that the most general boundary con-
dition ensuring the confinenent of relativistic quantized
spinor matter within a simply connected boundary in-
volves four arbitrary parameters (Akhmerov A.R. and
Beenakker C.W.J.: 2008; Al-Hashimi M.H. and Wiese
U.-J.: 2012), and the explicit form of such a condition
has been given (Sitenko Yu.A.: 2015; Sitenko Yu.A.
and Yushchenko S.A.: 2015; Sitenko Yu.A.: 2016a).
To study an impact of the background magnetic field
on confined matter, one has to choose the magnetic
field configuration with respect to the boundary sur-
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face. The primary interest is to understand the effect
of a boundary which is transverse to the magnetic field
strength lines. Then the simplest geometry is that of a
slab in the uniform magnetic field directed perpendic-
ular. It should be noted that such a geometry can be
realized in condensed matter physics by putting slices
of Dirac or Weyl semimetals in an external transverse
magnetic field. Note also that the slab geometry is
conventional in a setup for the Casimir effect (Casimir
H.B.G.: 1948); see review in Bordag M., G. L. Klim-
chitskaya G. L., Mohideen U., and Mostepanenko V.
M.: 2009.
As a first step toward the full theory of chiral

effects in bounded matter, the chiral effects in dense
magnetized ultrarelativistic spinor matter at zero
temperature in a slab were considered in publication
Gorbar E.V., Miransky V.A., Shovkovy I.A., and
Sukhachov P.O.: 2015, with the use of the bag bound-
ary condition of Bogolioubov P.N.: 1968. Our aim
is to extend the consideration to the case of nonzero
temperature and the most general boundary condition.

2. Thermal equilibrium for chiral spinor
matter

We start with the operator of the second-quantized
spinor field in a static background,

Ψ̂(r, t) =
∑
Eλ>0

e−iEλt ⟨r|λ⟩ âλ +
∑
Eλ<0

e−iEλt ⟨r|λ⟩ b̂†λ,

(1)

where â†λ and âλ (b̂†λ and b̂λ) are the spinor particle
(antiparticle) creation and destruction operators satis-
fying anticommutation relations,[

âλ, â
†
λ′

]
+
=
[
b̂λ, b̂

†
λ′

]
+
= ⟨λ|λ′⟩ , (2)

and ⟨r|λ⟩ is the solution to the stationary Dirac equa-
tion,

H ⟨r|λ⟩ = Eλ ⟨r|λ⟩ , (3)

H is the Dirac Hamiltonian, λ is the set of parameters
(quantum numbers) specifying a one-particle state, Eλ

is the energy of the state; wave functions ⟨r|λ⟩ satisfy
the requirement of orthonormality∫

Ω

d3r ⟨λ|r⟩ ⟨r|λ′⟩ = ⟨λ|λ′⟩ (4)

and completeness∑
⟨r|λ⟩ ⟨λ|r′⟩ = Iδ(r− r′); (5)

summation is over the whole set of states, and Ω is the
quantization volume.
Conventionally, the operators of dynamical variables

(physical observables) in second-quantized theory are

defined as bilinears of the fermion field operator (1).
One can define the fermion number operator,

N̂ =
1

2

∫
Ω

d3r(Ψ̂†Ψ̂− Ψ̂T Ψ̂†T )

=
∑[

â†λâλ − b̂
†
λb̂λ −

1

2
sgn(Eλ)

]
, (6)

and the energy (temporal component of the energy-
momentum vector) operator,

P̂ 0 =
1

2

∫
Ω

d3r(Ψ̂†HΨ̂− Ψ̂THT Ψ̂†T )

=
∑
|Eλ|

(
â†λâλ + b̂†λb̂λ −

1

2

)
, (7)

where superscript T denotes a transposition and sgn(u)
is the sign function [sgn(±u) = ±1 at u > 0]. The av-
erage of operator Û over the grand canonical ensemble
is defined as (see, e.g., Das A.: 1997)

⟨
Û
⟩
T,µ

=
Sp Ûexp

[
−(P̂ 0 − µN̂)/T

]
Sp exp

[
−(P̂ 0 − µN̂)/T

] , (8)

where equilibrium temperature T is defined in the units
of the Boltzmann constant, chemical potential is de-
noted by µ, and Sp denotes the trace or the sum over
the expectation values in the Fock state basis created
by operators in (2). Let us take operator Û in the form

Û =
1

2

(
Ψ̂†ΥΨ̂− Ψ̂TΥT Ψ̂†T

)
, (9)

where Υ is an element of the Dirac-Clifford algebra.
The explicit form of Û , P̂ 0 and N̂ in terms of the cre-
ation and destruction operators is inserted in (9); then
one obtains⟨
Û
⟩
T,µ

= −1

2
tr
⟨
r|Υtanh[(H − µI)(2T )−1]|r

⟩
, (10)

where tr denotes the trace over spinor indices. We
are considering the quantized charged spinor field in
the background of a static uniform magnetic field with
strength B = ∂×A, where A is the vector potential of
the magnetic field. Assuming that the magnetic field is
strong (supercritical) and ultrarelativistic spinor mat-
ter is at high temperature and high density,

|eB| >> m2, T >> m, |µ| >> m, (11)

we shall neglect the mass of the spinor matter field,
putting m = 0 in the following. Thus the Dirac Hamil-
tonian takes form

H = −iγ0γ · (∂ − ieA), (12)
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where e is the charge of the matter field and natural
units h̄ = c = 1 are used. Owing to the presence of
chiral symmetry,

[H, γ5]− = 0, (13)

where γ5 = −iγ0γ1γ2γ3 (γ0, γ1, γ2, and γ3 are the
generating elements of the Dirac-Clifford algebra, and
γ5 is defined according to Okun L.B.: 1982), one can
introduce also the following average:

⟨
Û
⟩
T,µ5

=
Sp Ûexp

[
−(P̂ 0 − µ5N̂

5)/T
]

Sp exp
[
−(P̂ 0 − µ5N̂5)/T

] , (14)

where

N̂5 =
1

2

∫
Ω

d3r(Ψ̂†γ5Ψ̂− Ψ̂T γ5T Ψ̂†T ) (15)

is the axial charge and µ5 is the chiral chemical poten-
tial. For operator Û in the form of (9), one obtains⟨

Û
⟩
T,µ5

= −1

2
tr
⟨
r|Υtanh[(H − µ5γ

5)(2T )−1]|r
⟩
,

(16)
Thus, there are two types of thermal averaging, when

chiral symmetry is present. For instance, one can de-
fine the vector current density as either an average over
the standard grand canonical ensemble,

J =
⟨
Û
⟩
T,µ

∣∣∣∣
Υ=γ0γ

, (17)

or an average over the grand canonical ensemble with
the chiral chemical potential,

J =
⟨
Û
⟩
T,µ5

∣∣∣∣
Υ=γ0γ

. (18)

As we shall see, there is no contradiction between
these two different definitions of the same physical
quantity, since at least one of them results in zero.

3. Chiral effects in the unnbounded space

A solution to the Dirac equation in the background
of a static uniform magnetic field is well described in
the literature, see, e.g., Akhiezer A.I. and Berestetskij
V.B.: 1965. The one-particle energy spectrum in the
case of the massless spinor field is

Enk = ±ωnk, ωnk =
√

2n|eB|+ k2,

−∞ < k <∞, n = 0, 1, 2, ... , (19)

k is the value of the wave number vector along the
magnetic field, and n numerates the Landau levels. A
straightforward calculation of (18) with the use of the

explicit form of spinor wave functions of definite chi-
ralities immediately yields

J ≡
⟨
Û
⟩
T,µ5

∣∣∣∣
Υ=γ0γ

= − eB
2π2

µ5, (20)

whereas (17) turns out to be zero. Similarly, one can
calculate the axial charge density,

J05 ≡
⟨
Û
⟩
T,µ,µ5

∣∣∣∣
Υ=γ5

=
|eB|
2π2

{
µ5

+

∞∑
n=1

∞∫
0

dk
sinh[(µ5 + µ)/T ]

cosh[(µ5 + µ)/T ] + cosh(
√
2n|eB|+ k2/T )

+
∞∑

n=1

∞∫
0

dk
sinh[(µ5 − µ)/T ]

cosh[(µ5 − µ)/T ] + cosh(
√
2n|eB|+ k2/T )

}
,

(21)
and the axial current density,

J5 ≡
⟨
Û
⟩
T,µ

∣∣∣∣
Υ=γ0γγ5

= − eB
2π2

µ. (22)

Note that J (20) and J5 (22) are known as the chi-
ral magnetic (Fukushima K., Kharzeev D.E., and War-
ringa H.J.: 2008) and chiral separation (Metlitski M.A.
and Zhitnitsky A.R.: 2005) effects, respectively. Only
the lowest Landau level (n = 0) contributes to (20)
and (22), and both effects are of topological origin, be-
ing related to a quantum anomaly, see Alekseev A.Y.,
Cheianov V.V., and Frohlich J.: 1998; Giovannini M.
and Shaposhnikov M.: 1998; Son D.T. and Zhitnitsky
A.R.: 2004; Kharzeev D.E., McLerran L.D., and War-
ringa H.J.: 2008; Basar G. and Dunne G.V.: 2013.
Defining the left and right current densities,

JL =
1

2

(
J+ J5

)
(23)

and

JR =
1

2

(
J− J5

)
, (24)

as well as the left and right chemical potentials,

µL = µ+ µ5 (25)

and
µR = µ− µ5, (26)

one can rewright (20) and (22) as

JL = − eB
4π2

µL (27)

and

JR =
eB

4π2
µR. (28)

Actually, the chiral magnetic effect was first discovered
in the form of (27) in Vilenkin A.: 1980 (with a missing
extra factor of 1/2).
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4. Chiral effects in a slab

To study an influence of a background magnetic field
on the properties of hot dense spinor matter, one has to
account for the fact that the realistic physical systems
are bounded. Our interest is in an effect of the static
magnetic field with strength lines which are orthogonal
to a boundary. Then, as was already noted, the sim-
plest geometry of a material sample is that of a straight
slab in the uniform magnetic field directed perpendic-
ular. The one-particle energy spectrum in this case is
[cf. (19)]

Enl = ±ωnl, ωnl =
√
2n|eB|+ k2l , n = 0, 1, 2, . . . ,

(29)
where the values of the wave number vector along the
magnetic field, kl, are to be determined by the bound-
ary condition.
The most general boundary condition ensuring the

confinement of relativistic spinor matter within a sim-
ply connected boundary is (see Sitenko Yu.A. and
Yushchenko S.A.: 2015; Sitenko Yu.A.: 2016a){

I − γ0
[
eiφγ5

cos θ

+(γ1 cos ς + γ2 sin ς) sin θ
]
eiφ̃γ

0(γ·n)
}

×χ(r) |r∈∂Ω = 0, (30)

where n is the unit normal to surface ∂Ω bounding
spatial region Ω and χ(r) is the confined spinor matter
wave function, r ∈ Ω; matrices γ1 and γ2 in (30) are
chosen to obey condition

[γ1, γ · n]+ = [γ2, γ · n]+ = [γ1, γ2]+ = 0, (31)

and the boundary parameters in (30) are chosen to vary
as

−π
2
< φ ≤ π

2
, −π

2
≤ φ̃ < π

2
,

0 ≤ θ < π, 0 ≤ ς < 2π. (32)

The MIT bag boundary condition (Johnson K.: 1975),

(I + iγ · n)χ(r) |r∈∂Ω = 0, (33)

is obtained from (30) at φ = θ = 0, φ̃ = −π/2.
The boundary parameters in (30) can be interpreted

as the self-adjoint extension parameters. The self-
adjointness of the one-particle energy (Dirac Hamilto-
nian in the case of relativistic spinor matter) operator
in first-quantized theory is required by general prin-
ciples of comprehensibility and mathematical consis-
tency; see, e.g., Bonneau G., Faraut J., and Valent G.:
2001. To put it simply, a multiple action is well de-
fined for a self-adjoint operator only, allowing for the

construction of functions of the operator, such as re-
solvent, evolution, heat kernel and zeta-function oper-
ators, with further implications upon second quantiza-
tion.
In the case of a disconnected boundary consist-

ing of two simply connected components, ∂Ω =
∂Ω(+)

∪
∂Ω(−), there are in general eight boundary pa-

rameters: φ+, φ̃+, θ+, and ς+ corresponding to ∂Ω(+);
and φ−, φ̃−, θ−, and ς− corresponding to ∂Ω(−). If
spatial region Ω has the form of a slab bounded by par-
allel planes, ∂Ω(+) and ∂Ω(−), separated by distance a,
then the boundary condition takes form(

I −K(±)
)
χ(r) |z=±a/2 = 0, (34)

where

K(±) = γ0
[
eiφ±γ5

cos θ±

+(γ1 cos ς± + γ2 sin ς±) sin θ±
]
e±iφ̃±γ0γz

, (35)

coordinates r = (x, y, z) are chosen in such a way that
x and y are tangential to the boundary, while z is nor-
mal to it, and the position of ∂Ω(±) is identified with
z = ±a/2. The confinement of matter inside the slab
means that the vector bilinear, χ†(r)γ0γzχ(r), vanishes
at the slab boundaries,

χ†(r)γ0γzχ(r) |z=±a/2 = 0, (36)

and this is ensured by condition (34). As to the ax-
ial bilinear, χ†(r)γ0γzγ5χ(r), it vanishes at the slab
boundaries,

χ†(r)γ0γzγ5χ(r) |z=±a/2 = 0, (37)

in the case of θ+ = θ− = π/2 only, that is due to
relation

[K(±) |θ±=π/2 , γ
5]− = 0. (38)

However, note that, as a massless spinor particle is re-
flected from an impenetrable boundary, its helicity is
flipped. Since the chirality equals plus or minus the
helicity, chiral symmetry has to be necessarily broken
by the confining boundary condition. Thus the case
of θ+ = θ− = π/2 is not acceptable on the physical
grounds. Moreover, there is a symmetry with respect
to rotations around a normal to the slab, and the cases
differing by values of ς+ and ς− are physically indis-
tinguishable, since they are related by such a rotation.
The only way to avoid the unphysical degeneracy of
boundary conditions with different values of ς+ and ς−
is to fix θ+ = θ− = 0. Then χ†(r)γ0γzγ5χ(r) is non-
vanishing at the slab boundaries, and the boundary
condition takes form{
I − γ0 exp

[
i
(
φ±γ

5 ± φ̃±γ
0γz
)]}

χ(r) |z=±a/2 = 0.

(39)
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Condition (39) determines the spectrum of the wave
number vector in the z direction, kl. The requirement
that this spectrum be real and unambiguous yields con-
straint (see Sitenko Yu.A. and Yushchenko S.A.: 2015;
Sitenko Yu.A.: 2016a)

φ+ = φ− = φ, φ̃+ = φ̃− = φ̃; (40)

then the kl spectrum is determined implicitly from re-
lation

kl sin φ̃ cos(kla) + (E...l cos φ̃−m cosφ) sin(kla) = 0,
(41)

where m is the mass of the spinor matter field and
E...l is the energy of the one-particle state. In the
case of the massless spinor matter field, m = 0, and
the background uniform magnetic field perpendicular
to the slab, B = (0, 0, B), E...l takes the form of Enl

(29), and relation (41) is reduced to

kl sin φ̃ cos(kla) + Enl cos φ̃ sin(kla) = 0, (42)

depending on one parameter only, although the bound-
ary condition depends on two parameters,{

I − γ0 exp
[
i
(
φγ5 ± φ̃γ0γz

)]}
χ(r)|z=±a/2 = 0.

(43)
Using the explicit form of standing waves with the kl

spectrum determined by (42), one can compute the av-
erages of type (8). As to the averages of type (14), they
cannot be defined, because the confining boundary con-
dition necessarily breaks chiral symmetry: standing
waves inside a slab are formed from counterpropagat-
ing waves of opposite chiralities. It is straightforward
to check the validity of relations

J = J05 = 0. (44)

Similarly, the components of the axial current density,
which are orthogonal to the direction of the magnetic
field, vanish as well,

Jx5 = Jy5 = 0. (45)

As to the component of the axial current density, which
is along the magnetic field, only the lowest Landau level
(n = 0) contributes to it, and hence the z component
of the axial current density is

Jz5 = − eB

2πa

 ∑
k
(+)

l
>0

f+(k
(+)
l )−

∑
k
(−)

l
>0

f−(k
(−)
l )

−1

2

∑
k
(+)

l
>0

1 +
1

2

∑
k
(−)

l
>0

1

 , (46)

where

f±(k) =
[
e(k∓µ)/T + 1

]−1

, (47)

and the two last sums which are independent of tem-
perature and chemical potential correspond to the con-
tribution of the vacuum fluctuations. The calculation
of the sums over l yields (see Sitenko Yu.A.: 2016b,
2016c)

Jz5 = − eB

2πa

×

{
sgn(µ)F

(
|µ|a+ sgn(µ) [φ̃− sgn(φ̃)π/2] ;Ta

)

− 1

π
[φ̃− sgn(φ̃)π/2]

}
, (48)

where

F (s; t) =
s

π

− 1

π

∞∫
0

dv
sin(2s)sinh(π/t)

[cos(2s) + cosh(2v)][cosh(π/t) + cos(v/t)]

+
sinh {[arctan(tans)]/t}

cosh[π/(2t)] + cosh {[arctan(tans)]/t}
. (49)

In view of relation

lim
a→∞

1

a
F (|µ|a;Ta) = |µ|/π, (50)

the case of a magnetic field filling the whole (infinite)
space (Metlitski M.A. and Zhitnitsky A.R.: 2005) is
obtained from (48) as a limiting case [cf. (22)],

lim
a→∞

Jz5 = − eB
2π2

µ. (51)

Unlike this unrealistic case, the realistic case of a mag-
netic field confined to a slab of finite width is temper-
ature dependent, see (48) and (49). In particular, we
get

lim
T→0

Jz5 = − eB

2πa

×

[
sgn(µ)

[[
|µ|a+ sgn(µ)φ̃

π
+Θ(−µφ̃)

]]

− φ̃
π
+

1

2
sgn(φ̃)

]
(52)

and

lim
T→∞

Jz5 = − eB
2π2

µ; (53)

here [[u]] denotes the integer part of quantity u (i.e. the
integer which is less than or equal to u), and Θ(u) =
1
2 [1 + sgn(u)] is the step function. As follows from
(48), the boundary condition that is parametrized by φ̃
can serve as a source which is additional to the spinor
matter density: the contribution of the boundary to
the axial current effectively enhances or diminishes the
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contribution of the chemical potential. Because of the
boundary condition, the chiral separation effect can be
nonvanishing even at zero chemical potential,

Jz5|µ=0 = − eB

2πa

{
F (φ̃− sgn(φ̃)π/2;Ta)

− 1

π
[φ̃− sgn(φ̃)π/2]

}
; (54)

the latter vanishes in the limit of infinite temperature,

lim
T→∞

Jz5|µ=0 = 0. (55)

The trivial boundary condition, φ̃ = −π/2, yields spec-
trum kl = (l+ 1

2 )
π
a (l = 0, 1, 2, . . .), which is the same

in the setups of both bag models (Bogolioubov P.N.:
1968) and (Chodos A., Jaffe R.L., Johnson K., Thorn
C. B., and Weisskopf V.: 1974). The axial current
density at zero temperature for this case was obtained
in Gorbar E.V., Miransky V.A., Shovkovy I.A., and
Sukhachov P.O.: 2015,

Jz5 |T=0, φ̃=−π/2 = − eB

2πa
sgn(µ)

[[
|µ|a
π

+
1

2

]]
. (56)

The ”bosonic-type” spectrum, kl = lπa (l =
0, 1, 2, . . .), is yielded by φ̃ = 0, and, due to the con-
tribution of the vacuum fluctuations, the axial current
density is continuous at this point,

lim
φ̃→0+

Jz5 = lim
φ̃→0−

Jz5. (57)

5. Summary and discussion

We have considered the influence of boundaries on
chiral effects in hot dense magnetized relativistic spinor
matter. An issue of the confining boundary condition
plays the key role in this study. In the absence of
boundaries there exist the chiral magnetic effect which
is exhibited by the nondissipative vector current along
the magnetic field, see (20), and the chiral separation
effect which is exhibited by the nondissipative axial
current in the same direction, see (22); both currents
are temperature independent. As boundaries are in-
troduced and the matter volume is shrinked to a slab
which is transverse to the magnetic field, the fate of
these currents is different. The axial current stays on,
becoming dependent on temperature and on a choice of
boundary conditions, see (48) and (49); as temperature
increases from zero to large values, a stepped-shape
behaviour of the axial current density as a function
of chemical potential is changed to a smooth one, see
(52) and (53). The vector current, as well as the axial
charge, is extinct, see (44), because of boundary con-
dition (36). Thus, the chiral magnetic effect in a slab
is eliminated by the confining boundary condition.

Magnetic fields of the order of the QCD energy scale
squared can be produced in the quark-gluon plasma
created in relativistic heavy-ion collisions (as a result
of electric currents from the colliding charged ions);
see Kharzeev D.E.: 2014. Magnetic fields up to 1015

Gauss may exist in some compact stars (magnetars);
see Glendenning N.K.: 2000; Turola R, Zane S., and
Watts A.L.: 2015. Even stronger fields are generated
in progenitor magnetars during the core collapse after
the supernovae explosion (Ferrario L., Melatos A., and
Zrake J.: 2015). It has been claimed that the chiral
magnetic effect (20) plays a significant role in these pro-
cesses; see Boyarsky A., Ruchayskiy O., and Shaposh-
nikov M.: 2012; Sigl G. and Leite N.: 2016. Another
claim is that the chiral magnetic effect is responsible
for a solution of the problem of large kicks of pulsars
(Charbonneau J. and Zhitnitsky A.: 2010; Charbon-
neau J., Hoffman, and Heyl J.: 2010). The latter prob-
lem is that pulsars exhibit rapid proper motion with
velocities ranging from 100 to 1600 km/s, and about
15% of pulsars has velocities above 1000 km/s (Arzou-
manian Z., Chernoff D.F., and Cordes J.M.: 2002).
Large velocities are unambiguously confirmed with the
model independent measurement of pulsar B1505+55
moving at 1083+103

−90 km/s (Chatterjee S., Vlemmings
W.H.T., Brisken W.F., et al: 2005). Persistent topo-
logical current (20) has been proposed in the capacity
of an engine which pushes a fast pulsar like a rocket
(Charbonneau J. and Zhitnitsky A.: 2010).

However, if finiteness of a physical system in the
direction of the magnetic field is taken into account,
then the topological vector current, as well as the
axial charge, disappears, that is due to the boundary
condition confining spinor (electron, quark, or nu-
cleon) matter inside the magnetar. This circumstance
changes essentially the whole picture of the large
kick mechanism. The only necessary ingredients are
a strong magnetic field and the high density of the
relativistic charged spinor matter in the core of a
compact star (magnetar or protomagnetar). Such an
environment develops axial currents with the specific
temperature dependence which is almost stepped-
shape in the case of degenerate matter (T ≪ |µ|) and
a somewhat smooth otherwise, see (48), (49), (52),
and (53). The pertinent carriers of these currents are
electrons in the case of the nuclear matter, or electrons
and quarks in the case of the deconfined quark matter
(in supposed quark stars). Since the currents are
persistent, they are capable of delivering the asym-
metry of neutrinos created by weak interaction from
the interior to the surface without dissipation, thus
producing a proper motion of the star as a whole. The
details of the mechanism are yet to be elaborated.
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ABSTRACT. By assuming the spatially flat FLRW
line-element and employing the Hamiltonian for-
malism, a noncommutative (NC) setting of the
Brans-Dicke (BD) theory is introduced. We investi-
gate gravity-driven acceleration and kinetic inflation
in this NC BD cosmology. Despite to the commutative
case, in which both the scale factor and BD scalar
field are obtained in power-law forms (in terms of the
cosmic time), in our herein NC model, we see that the
power-law scalar factor is multiplied by a dynamical
exponential warp factor. This warp factor depends
on not only the noncommutative parameter but also
the momentum conjugate associated to the BD scalar
field. For very small values of this parameter, we
obtain an appropriate inflationary solution, which can
overcome problems within standard BD cosmology
in a more efficient manner. Moreover, we see that a
graceful exit from an early acceleration epoch towards
a decelerating radiation epoch is provided. For late
times, due to the presence of the NC parameter,
we obtain a zero acceleration epoch, which can be
interpreted as the coarse-grained explanation.

1. Introduction

In the BD setting employed in [1, 2], a variable BD
coupling parameter rather than a constant one has
been supposed. Then, without introducing any scalar
potential or cosmological constant, an accelerated ex-
panding universe, from the kinetic energy density of
a dynamical Planck mass, has been obtained. In [2],
it has been argued that, to meet sufficient inflation,
the scale factor in the Einstein frame must accelerate.
However, there is no source to get an accelerating scale
factor in that frame. In other words, in the commuta-
tive case of the BD theory [3] (in the Jordan frame),
even by assuming variable ω, there is a fundamental
problem with kinetic inflation: regardless of the form

of ω(ϕ), all the D branch1 solutions are encountered
with the graceful exit problem [2].
In our herein NC BD setting2, which, regardless of

varying ω, can be considered as a generalized set up
of [2], we will obtain an accelerating scale factor for
the early Universe, without encountering the above-
mentioned problems of [2]. Moreover, we will show that
requirements of an inflationary epoch (specially, the
nominal as well as sufficient conditions) are satisfied in
a more convenient manner when the noncommutativity
parameter is present.
In this paper, by assuming a spatially flat FLRW

universe, a generalized BD theory, and introducing
a particular NC Poisson bracket between the BD
scalar field and the logarithm of scale factor, we
review the solutions (associated to the NC equations
of motion) and discuss the effects of noncommutativity.

2. Noncommutative Brans-Dicke Cosmologi-
cal Setting

We start with the spatially flat FLRW metric as the
background geometry, namely

ds2 = −N2(t)dt2 + e2α(t)
(
dx2 + dy2 + dz2

)
, (1)

where a(t) = eα(t) is the scale factor and N(t) is a lapse
function.
To get a general set of the field equations, let us start

with the Lagrangian associated to the (generalized3)
BD theory in the Jordan frame as

L[g, ϕ] =
√
−g
[
ϕR− ω(ϕ)

ϕ
gµν∇µϕ∇νϕ− V (ϕ)

]
(2)

1We will introduce the D and X branches later.
2Most of the discussions of this work has been reported in our

previous paper [4].
3It has been recently shown [5, 6] that, instead of adding a

scalar potential to BD action, such a scalar potential can be
induced from the geometry of an extra dimension.
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+
√
−gLmatt,

where Lmatt = 16πρ(α) is the Lagrangian density of
ordinary matter (ρ is the energy density), which does
not explicitly depend on the BD scalar field ϕ. The
BD parameter ω(ϕ) is a function of the BD scalar field
and varies with the space-time point; V (ϕ) is the scalar
potential, the greek indices run from zero to 3 and R is
the Ricci scalar associated to the metric gµν , whose de-
terminant is denoted by g. Therefore, the Hamiltonian
of the model is given by

H = −Ne
−3α

2χϕ

[
ω(ϕ)

6
P 2
α − ϕ2P 2

ϕ + ϕPαPϕ

]
(3)

+ Ne3α (V − 16πρ) ,

where χ ≡ 2ω + 3, and Pα, Pϕ are the conjugate mo-
menta associated to α and ϕ, respectively. In this
work, we work with the comoving gauge, namely, we
set N = 1. Instead of the commutative phase space
where the Poisson algebra is given by {α, ϕ} = 0,
{Pα, Pϕ} = 0, {α, Pα} = 1 and {ϕ, Pϕ} = 1, to investi-
gate the effects of a classical evolution of the noncom-
mutativity on the cosmological equations of motion, we
presume the following Poisson commutation relations
between the variables as {α, ϕ} = θ, {Pα, Pϕ} = 0,
{α, Pα} = 1 and {ϕ, Pϕ} = 1 where the NC parameter
θ is taken as a constant. Employing these noncommu-
tation relations and the Hamiltonian (3) leads us to
deformed equations of motion as

α̇ = −e
−3α

2χϕ

[
ω(ϕ)

3
Pα + ϕPϕ

]
− θe−3α

2χϕ

[
1

6

dω(ϕ)

dϕ
P 2
α − 2ϕP 2

ϕ + PαPϕ

]
+

θe3α

ϕ

[
V (ϕ) + ϕ

dV (ϕ)

dϕ
− 16πρ

]
, (4)

Ṗα = e3α
[
−6V (ϕ) + 16π

(
6ρ+

dρ

dα

)]
, (5)

ϕ̇ = −e
−3α

2χ
(Pα − 2ϕPϕ)

− θe3α
[
6V (ϕ)− 16π

(
6ρ+

dρ

dα

)]
. (6)

Ṗϕ =
e−3α

2χϕ

[
(Pα − 2ϕPϕ)Pϕ +

1

6
P 2
α

dω(ϕ)

dϕ

]
− e3α

ϕ

[
V (ϕ) + ϕ

dV (ϕ)

dϕ
− 16πρ

]
, (7)

where a dot denotes the differentiation with respect to
the cosmic time and we have assumed ϕ = ϕ(t). We
should note that the equations of motion associated to
the momenta Pα and Pϕ, under the proposed NC de-
formation, are the same as ones in the commutative
case and, obviously, in the limit θ → 0, Eqs. (4) and
(6) are reduced to the corresponding standard commu-
tative equations.

In what follows, we investigate the cosmological
implications of this NC BD setting for a very simple
case in which the BD parameter is a constant and
the scalar potential and the ordinary matter are absent.

3. Gravity-Driven acceleration for cosmolog-
ical models in the noncommutative BD Setting

As mentioned, we would like to assume a very sim-
ple case in which we set ω(ϕ) = ω = constant,
ρ = 0 and V (ϕ) = 0. Therefore, from (5), we get
Ṗα = 0, which gives a constant of motion. Thus, we
get Pα = c1; also, Eqs. (4) and (7) give Pϕ = c±2 ϕ

−1

where c1 and c±2 ̸= 0 are the integration constants.
These constants are not independent; by substitut-
ing them into the Hamiltonian constraint, we obtain
c±1 = (3|c2|/ω) [−sgn(c2)± ξ] where ξ ≡

√
χ/3, ω ̸= 0

and sgn(x) = x/|x| is the signum function. Thus, from
(6), ϕ̇ can be given by

ϕ̇ = − f
±

ξa3
where f± ≡ |c2|

2ω
[−sgn(c2)ξ ± 1] . (8)

By employing the obtained expressions associated to
the momenta and the integration constants, from
Eqs. (4) and (6) we obtain

H = h±

(
ϕ̇

ϕ

)
where h± ≡ g± +

c2θ

ϕ
, (9)

where H = ȧ/a is the Hubble constant and g± ≡
− 1

2 [1± sgn(c2)ξ]. We should note that the above equa-
tions corresponding with each sign of4 c2 yield two
branches for the Hubble parameter. If we assume an
attractive gravity [7], i.e., ϕ > 0, the values of ϕ̇ as well
as h corresponding to each branch5 must be specified
to get an expansion or contraction universes. For in-
stance, in a special case, by setting c2 > 0 and θ = 0,

we obtain H = − ϕ̇
2ϕ (1 ± ξ). In this case, for ξ < 1,

H > 0 only when ϕ̇ < 0, and H < 0 only when ϕ̇ > 0
(for both of the branches). While, for ξ > 1, to have a
positive Hubble expansion we must choose the upper
sign for ϕ̇ < 0 and the lower sign for ϕ̇ > 0.
Now, let us investigate a general case. We

get the acceleration of the scale factor as ä
a =

− 1
6ϕ

[
ρ(ϕ) + 3p(ϕ)

]
= −

(
ϕ̇
ϕ

)2 (
2h2 + h+ c2θ

ϕ

)
, where

4For simplicity of expressing the quantities, we will sometimes
drop the index ±.

5Following [8, 1, 2], we will call the branches as follows. As
in the Einstein frame, one of the branches always yields an ex-
panding universe, while the other gives a contracting universe.
Therefore, the solutions correspond to the former, and the lat-
ter are called the X branch and D branch, respectively. In our
herein model, when c2 > 0, X branch and D branch solutions
correspond to the upper sign and lower sign solutions, respec-
tively. When c2 < 0, we note the transformations derived after
Eq. (16).
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the energy density and pressure associated to the BD
scalar field are given by [6]

ρ(ϕ) ≡ −T 0(ϕ)
0 = 3h2

(
ϕ̇2

ϕ

)
, (10)

p(ϕ) ≡ T
i(ϕ)
i =

(
3h2 + 2h+

2c2θ

ϕ

)(
ϕ̇2

ϕ

)
, (11)

where i = 1, 2, 3 (with no sum) and we have employed
relations (8) and (9). Therefore, in order to get an
accelerating universe, the following constraint must be
satisfied

2h2 + h+
c2θ

ϕ
< 0. (12)

As ρ(ϕ) > 0, relation (11) and constraint (12) dictate
that the pressure must take negative values.
From (9), we get a relation between the scale factor

and the BD scalar field as

a(t) = ai[ϕ(t)]
ge−c2θϕ

−1

, (13)

where ai = eαi is an integration constant, which cor-
responds to α in a specific time. Eq. (13) indicates
that the NC parameter appears in the power of an ex-
ponential warp factor. We can easily show that this
time-dependent warp factor appears in the differen-
tial equation associated to ϕ [see Eq. (14)] and makes
it a very complicated differential equation, such that
we have to solve it numerically instead. Employing
Eqs. (13) and (8), we get a differential equation for the
BD scalar field as

ϕ̇ϕ3ge−3c2θϕ
−1

= − f

a3i ξ
, (14)

where, according to (8), f depends on c2 and ω.
In the commutative case, dependent on the value of

ω, we obtain two different types of solutions: (i) when
g = −1/3 (or ω = −4/3), which corresponds to both
the lower sign (when c2 > 0) and the upper sign (when
c2 < 0), the solutions correspond to the de Sitter-like

space as a(t) = aiϕ
− 1

3

i emt and ϕ(t) = ϕie
−3mt, where ϕi

is an integration constant, andm ≡ −|c2|
8a3

i

[−sgn(c2)±3],
ii) for ω ̸= −4/3, we obtain the generalized version
of the well-known O’Hanlon-Tupper solution [9, 7] as
a(t) = ãi(t− tini)r± and ϕ(t) = ϕ̃i(t− tini)s± with

ϕ̃i =

{
| c2 |
2a3i ω

[
sgn(c2)∓

(ω + 1)

ξ

]}s±

,

ãi = aiϕ̃
g
i = ai

{
| c2 |
2a3i ω

[
sgn(c2)∓

(ω + 1)

ξ

]}r±

,

where tini is an integration constant and the exponents
r± and s± are given by

r± =
1

3ω + 4
[ω + 1± sgn(c2)ξ] , (15)

s± =
1∓ 3sgn(c2)ξ

3ω + 4
.

Here, we should explain the role of the parameters
present in the model. For a particular case where
c2 > 0 (or c2 < 0), we get the solutions corresponding
to (r+, s+) and (r−, s−) known as the fast and slow
solutions, respectively [7].
By assuming ω ̸= −4/3 and redefining Φ ≡ −ln(Gϕ)

(where G is the gravitational constant), it has been
shown [10] that there are duality transformations as

α →
(
3ω + 2

3ω + 4

)
α− 2

(
ω + 1

3ω + 4

)
Φ, (16)

Φ → −
(

6

3ω + 4

)
α−

(
3ω + 2

3ω + 4

)
Φ,

under which the slow and fast solutions are inter-
changed [11], namely, (r±, s±)←→ (r∓, s∓). However,
in our model for θ = 0 herein, from (15), without con-
sidering the duality transformations (16), we can see
that the sign of the integration constant c2 is respon-
sible for the mentioned role, interchanging the lower-
upper solutions. More precisely, under interchanging
c2 > 0 ↔ c2 < 0, the parameters c1, g, and f trans-
form as (c±1 , f

±, g±) ←→ (−c∓1 ,−f∓, g∓), and, conse-
quently, we get (r±, s±) ←→ (r∓, s∓). Also for the
general NC case, as seen from (9), the general duality
transformations, not only depend on the f , g, and the
integration constants c1 and c2 but also may depend
on the noncommutativity parameter.
In our model, due to presence of the three pa-

rameters c2, ω and θ, we can obtain a good variety
of solutions for X and D branches, for more detail,
see [4]. Here, we are only interested in summarizing
some of the results of Case Ia, namely, the lower sign
with c2 > 0, −3/2 < ω < −4/3 and θ < 0: (i) For
very small negative values for the noncommutative
parameter, we have shown that the scale factor starts
from a singular point at t = 0 and increases for both
of the commutative and NC cases. However, it always
does not have the same behavior for these cases. For
the commutative case, we always get ä > 0, while for
the noncommutative case, for the very early times, we
have ä > 0, but at the special point, it turns to be
negative; namely, after a very small time, the phase
changes and we obtain a decelerating universe. (ii)
The scalar field always drops for both of the commu-
tative and NC cases. (iii) The larger the integration
constant c2, the shorter the time of the accelerating
phase. (iv) The smaller the |θ |, the larger the slope of
a(t), namely ȧ. (v) In the late times, by assuming the
same initial values for the parameters (except θ), ϕ(t)
tends to zero for both the commutative and NC cases.
However, for the large values of the cosmic time, in
the commutative case, ä never takes a constant value.
While, in the NC case, we get a zero acceleration epoch.
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5. Kinetic inflation

In the previous section, by proposing a NC setting
for the BD theory, we have mentioned that how we can
overcome the graceful exit problem. However, these
features alone do not guarantee a scenario for the res-
olution of the problems with the standard cosmology.
In this section, we first investigate the nominal con-

dition [1] for the acceleration associated to the infla-
tion, namely,

d
Hor

> H−1, where d
Hor

(t) = a(t)

∫ t

ti

dt′/a′. (17)

Then, in the rest of this section, we will study the
condition for sufficient inflation.
Employing Eqs. (8), (9), and after some manipula-

tions, we obtain

dln(a2ϕ)

dt
= ±(2h+ 1)

(
ϕ̇

ϕ

)
. (18)

Using (8) and integrating over dt, we get

d
Hor

=
a3ϕ

|f |
− 2c2

2g + 1
d

NC

(19)

up to a constant of integration. In Eq. (19), we intro-

duced a NC contribution of distance, d
NC

, as d
NC ≡

θa
c2

∫
P ′
ϕ′dt′/a′. We expect that d

NC

can add a positive

value to the d
Hor

to properly assist in satisfying the re-
quirement associated to the horizon problem. In order
to compare, by the aid of (8), we rewrite Eq. (9) as
H = |f |h/(ξa3ϕ). Employing this result and (19) in
the nominal condition (17) yields

D
NC

≡ d
Hor

−H−1 =
ϕa3

|f |

(
1 +

ξ

h

)
− 2d

NC

2g + 1
> 0. (20)

Obviously, when θ goes to zero then d
NC

vanishes, and,
thus, the relation associated to the horizon distance
of the commutative case is recovered. Therefore, the
resulted relation is the same as corresponding one in
Ref. [1] provided that the BD coupling parameter takes
constant values within. Consequently, when θ = 0 the
only acceptable result is 0 < ξ < 1 (−3/2 < ω < 0),
which is obtained by choosing either the upper sign for
c2 > 0 or the lower sign for c2 < 0.

For our herein NC case, it is important to empha-
size that the NC parameter plays a significant role in
determining whether the constraint (20) is satisfied or
not. As an example, for both the commutative and
the NC (case Ia) cases, in Fig. 1, we have plotted D

NC

versus cosmic time. This figure shows that the con-
straint (20), at all times, for the NC case can be easier
satisfied than its corresponding commutative case.

Figure 1: The behavior of the D
NC

, the quantity which
defined as in (20), versus cosmic time. The dashed
and solid curves are associated to the commutative and
NC cases, respectively. This figure is plotted (as an
example) to show that the nominal condition (17) for
the NC solutions (particularly for the case Ia) can be
easily satisfied. The initial values are ω = −1.4, a0 =
1 = c2, θ = 0 (dashed curve) and θ = −0.000001 (solid
curve) [4].

In what follows, we investigate the condition for suf-
ficient inflation, which is constrained as [2]

d
Hor

⋆

a⋆
>

1

H0a0
. (21)

The quantity appeared in lhs of the above inequality is
comoving size of a causally connected region at a spe-
cific earlier time t⋆. From relation (18), for the specific
time t⋆, we obtain

d
Hor

⋆ =
a3ϕ(1− δ)
fsgn(c2)

− 2

2g + 1
d

NC

∣∣∣∣∣
⋆

. (22)

We should note that the integration constant, which
was removed in relation (19), has now been included

in δ ≡ a2
iϕi

a2ϕ where the subscript i stands for initial
values. By assuming that ϕ > 0, we always have δ ≥ 0.
In order to construct the inequality (21) in our herein
NC model, which can be appropriately compared with
the corresponding commutative one, we have employed
a few assumptions and a lot of manipulations. Let us
here just express the final result [4]:

a2⋆ϕ⋆
a2endϕend

(
M0√
ᾱ0T0

)
(1− δ⋆)−1ξ2 (23)

× 1

4πϵ | f | (g + c2θ
ϕ )2[1− 2dNC

⋆

(2g+1)|f |(1−δ⋆)a3
⋆ϕ⋆

]
,

where the time tend is devoted to the end of inflation in
which the entropy is produced. The subscript 0 stand
for the present epoch, M0 is the value of the Planck
mass today and ᾱ0 = γ(t0)η0 = (8π/3)(π2/30)ḡ(t0)η0,
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Figure 2: The time behavior of aϕ1/2 for the commu-
tative case (dashed curve) and NC case (solid curve).
The initial conditions are c2 = 1 = a0, ω = −1.36 and
θ = −0.000001 for the NC case [4].

in which η0 is for the ratio today of the energy density
in matter to that in radiation. The constraint (23) is
the generalized (noncommutative) version of the one
resulted in [2] provided the BD coupling is taken as a
constant therein.
We should note that, in the commutative case, the

constraint (21), even with assuming a favorite set of ini-
tial conditions, implies that the quantity a2ϕ decreases
with the cosmic time, which also indicates that the
Planck mass must decrease during inflation. Conse-
quently, to get an admissible result, a branch change
must be induced [2].
In the NC case, considering the lower sign with

c2 > 0 (D branch) and employing (18), (9) and

the expression for g±, we obtain dln(aϕ
1
2 )/dt =

−|f |/(2ξa3ϕ)
[
sgn(c2)ξ +

2c2θ
ϕ

]
, which, for the commu-

tative case, is reduced to dln(aϕ
1
2 )/dt = −|f |/(2a3ϕ).

It is easy to show that that, for the commutative case,
the quantity aϕ1/2 always decreases with the cosmic
time, see Fig. 2. We should emphasize that such a re-
sult is not in agreement with the observational data [4].

For a general NC case, fortunately, for c2 > 0, θ < 0,
and lower case, i.e., the D branch, we have shown
numerically that at the early times, aϕ1/2 behaves
similar to its corresponding in the commutative case.
However, after reaching a nonzero minimum, it starts
to increase, see Fig. 2.

6. Conclusions

In this paper, we have introduced a NC BD setting.
Such a scenario bears much resemblance to the set-
tings assumed in NC quantum cosmology or a few clas-
sical noncommutative gravitational/cosmological in-
vestigations in theories alternative to general relativ-

We have constructed a NC generalized BD setting
to include key ideas of duality and branch changing
as well as gravity-driven acceleration and kinetic infla-
tion. Then, we have assumed that N = 1 and there is
neither a scalar potential nor a cosmological constant.
Moreover, we have assumed that the Lagrangian den-
sity of the ordinary matter is absent.
In this scenario, we have found that the power-law

scale factor of the Universe is not similar to the com-
mutative case, but instead it is generalized to be mul-
tiplied with a time-dependent exponential warp factor.
Moreover, we have seen that the BD scalar field is not
in the form of a simple power function of time (similar
to its corresponding commutative case), but instead, it
can be obtained from a more complicated differential
equation.
For θ = 0, we have shown that our herein model

yields an extended model of the de Sitter–like space
and O’Hanlon-Tupper solutions. In the latter, the in-
tegration constants play the role of the duality trans-
formations introduced in the context of the BD the-
ory [11].
For case Ia, we have shown that the scale factor al-

ways accelerates in the commutative case, while, for
the NC case, it accelerates only for very early times,
and after a very short time, it turns to give a decel-
erated universe. Consequently, our model can be an
appropriate inflationary model, in which we can over-
come the graceful exit problem. Moreover, contrary
to the commutative model in which the scale factor
always accelerates in late times, we get a zero accel-
eration epoch for the Universe in the NC case. It has
believed that this result can be interpreted as coarse-
grained explanation of the quantum gravity footprint.
We have shown that both the nominal and sufficient

requirements associated to the inflation can be fully
satisfied in our NC model.
In the BD theory with a variable ω [2], for a kinetic

inflation model, all the accelerations in the D branch
suffer from the graceful exit problem. However, for our
NC model, we have shown that his problem is appropri-
ately solved due to the presence of the NC parameter:
at the very early times, although, the same as the com-
mutative case, aϕ1/2 decreases with the cosmic time,
while after a very short time, it starts to increase with
time, which is in agreement with observations.
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ABSTRACT. In order to construct a quantum
model of black hole (BH), we introduce a modified de-
scription of classical space-time BH (the Schwarzschild
solution). We develop the Lagrangian formalism of the
vacuum gravitational field in spherically symmetric
space-time, divided on the two regions: R- and T-
regions. Initial metrics in their regions are taken in
the scale-invariant form and depend on a timelike
coordinate in T-region and space-like coordinate in
R-region. We introduce the Hamiltonian and mass
function, which corresponding evolutional coordinate
(t or r) in each of regions. Their Poisson brackets
are proportional Hamiltonian constraint. Further
we construct the quantum operators of Hamilton
and masse. Their commutator are proportional to
the Hamilton operator. System of Wheeler-De Witt
equation and equation on the own values of mass
operator, together with the compatibility condition,
allow to find wave functions in every region. These
wave functions form the common wave function of BH
with the continuous masse spectrum.

Keywords: Black hole, mass function, Hamiltonian
constraint, quantum, mass operator, compatibility
condition.

1. Introduction

Beginning with article Bekenstein (1974) it is
considered that BH has a discrete mass spectrum.
This connect with the idea of quantizing the horizon
area of BH. The last was based on the fact that the
horizon area of a nonextremal BH behaves in a sense
as an adiabatic invariant (Christodoulou, 1970,1971).
In what follows, these ideas developed in numerous
works (See e.g., Mukhanov, 1986; Bekenstein et
all, 1995; Barvinsky et al, 1996, 2001; Hod, 1998;
Khriplovich 1998, 2002, 2004, 2008, etc). On the
other hand, the known approaches (Thiemann at
all, 1993, Kastrup at all, 1994, Kuchař, 1994) to the
canonical quantization of the spherically-symmetric
gravitational field give the continuous mass spectrum.
Formal canonical approach (Cavaglia et al, 1995,1996)
gives an analogical result. These approaches can be
related by postulating periodic boundary conditions in

time for the plane waves and by identifying the period
∆ in real time with the period ∆H = 8πGM/c3 in
Euclidean time (Kastrup, 1996). This yields the mass
spectrum Mn = (1/2)mP

√
n , n = 1, 2, · · · . In the

work Jalalzadeh et al (2011) by using the modifica-
tion of gauge multiplier and with the application of
Wheeler-DeWitt approach the discrete mass spectrum
of BH was also got. In this work we, on the basis
of simple geometrodynamical approach with the use
of DeWitt equation and quantum mass operator, we
construct quantum model of BH with the continuous
mass spectrum.

2. Classic space-time description

2.1. Actions, Lagrangians and supermetrics in the
R- and T-regions

Spherically-symmetric space-time (ST) with the
metric

ds2 = h (r, t)
(
dx0
)2 − g (r, t) dr2 −R2 (r, t) dσ2 , (1)

where dσ2 = dθ2 + sin2 θdα2, has the scalar curvature

(4)R = 2

{
−1− R

g
R,0 (ln (hR)),0 + (2)

+
R

h
R,1 (ln(gR)),1

}
sin θ +

(
divV⃗

)
sin θ .

Here R,0 = ∂R/∂x0, R,1 = ∂R/∂r, divV⃗ is divergence

some vector V⃗ . Action for a free gravitational field

S = − c3

16πκ

∫
V 4

√
−g(4)Rd4x , (3)

after reduction and rejection of the surface term, can
be written as

S =

∫
V 2

L̃dx0dr , (4)

where L̃ – effective Lagrangian

L̃ =
c3R

2κ

{√
h

g
R,r (ln (hR)),r −

√
g

h
R,0 (ln(gR)),0 + 1

}
.

(5)
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Information about the ST structure is contained in
the term (∇R)2 = γabR,aR,b. The surface R(r, x0) =
Rg = const, for which the equality (∇R)2 = 0 holds,
divides ST on two parts: T- and R-regions. Besides,
in T: (∇R)2 > 0 , and in R: (∇R)2 < 0. Taking into
account the Birkhoff theorem, in the R- or T-region can
be chosen such coordinate systems in which metrical
coefficients depend only on space-like r or timelike x0

coordinate, so that:

ds2+ = h+ (r)
(
dx0
)2 − g+ (r) dr2 −R2

+ (r) dσ2 , (6)

ds2− = h−
(
x0
) (
dx0
)2 − g− (x0) dr2 −R2

−
(
x0
)
dσ2 . (7)

We will define the dimensionless variables ζ±, τ±:

r =
Rg

2
ζ±, x

0 =
Rg

2
τ±, rg =

Rg

2
ζg, x

0
g =

Rg

2
τg, (8)

where {ζ−, τ−} ∈ T , {ζ+, τ+} ∈ R. Then

ds2+ = h+(ζ+)(dτ−)
2 − g+(ζ+)(dζ+)2 −R2

+(ζ+)dσ
2 ,

ds2− = h−(τ−)(dτ−)
2 − g−(τ−)(dζ−)2 −R2

−(τ−)dσ
2 .

By virtue of additivity, the action can be rewritten
as follows

S = S− + S+ =

xg∫
0

L−dτ− +

∞∫
xg

L+dζ+ , (9)

L− =
s0
2

√
h−g−

{
−R−

h−
R−,0 (ln (g−R−)),0 + 1

}
, (10)

L+ =
s0
2

√
h+g+

{
R+

g+
R+,1 (ln (h+R+)),1 + 1

}
, (11)

where s0 = R2
gc

3/4κ. In (9) integration on ζ− and τ+ is
executed in the interval l = ζ−2− ζ−1 = τ+2− τ+1 = 1.
We will enter the new field variables:

h− =
n− + u−

n− − u−
N2

−, g− =
n− − u−

n− + u−
, R− =

Rg

2
(n− + u−) , (12)

h+ =
u+ − n+

u+ + n+
, g+ =

u+ + n+

u+ − n+
N2

+, R+ =
Rg

2
(u+ + n+) . (13)

Then metrics and Lagrangians take the form of

ds2− =
R2

g

4

{
N2

−
n− + u−

n− − u−
dτ2− −

n− − u−

n− + u−
dζ2− −

− (n− + u−)2 dσ2
}
, |u−| < n−, (14)

L− =
s0

2

{
1

N−

(
u2
−,τ− − n2

−,τ−

)
+N−

}
, (15)

ds2+ =
R2

g

4

{
u+ − n+

u+ + n+
dτ2+ −N2

+

u+ + n+

u+ − n+
dζ2+ −

− (u+ + n+)2 dσ2
}
, 0 < n+ < u+ < ∞ , (16)

L+ =
s0

2

{
1

N+

(
u2
+,ζ+

− n2
+,ζ+

)
+N+

}
, (17)

where ,τ± = ∂/∂τ±, ,ζ± = ∂/∂ζ±. The requirement
δS = 0 with respect variations δN leads to constrains

∂L−

∂N−
= 0 =⇒ u2−,τ− − n

2
−,τ− = N2

− , (18)

∂L+

∂N+
= 0 =⇒ u2+,ζ+ − n

2
+,ζ+ = N2

+ . (19)

Except the Lagrange multipliers N from L, we get La-
grangians and actions of the system in both minisuper-
spaces:

L− = s0

√
u2
−,τ−

− n2
−,τ−

, L+ = s0

√
u2
+,ζ+

− n2
+,ζ+

, (20)

S− = s0

ζg∫
0

√
u2
−,τ−

− n2
−,τ−

dτ− = s0

ζg∫
0

dΩ−, (21)

S+ = s0

∞∫
ζg

√
u2
+,ζ+

− n2
+,ζ+

dζ+ = s0

∞∫
ζg

dΩ+. (22)

Here dΩ2
± = du2± − dn2

± > 0 are metrics on the min-
isuperspaces. Using the gauge condition N = 1, the
constrains can be rewritten in the form

u2−,τ− − n
2
−,τ− = 1, u2+,ζ+ − n

2
+,ζ+ = 1 . (23)

Therewith the initial actions (9) we reduced to the
actions (21) and (22) for the geodesic equations in the
minisuperspaces.

2.2. Hamiltonian and general solution of Einstein
equations

From the Lagrangian (15) where N− = 1, we obtain
the momentums and in T-region

Pu− = s0u−,τ− , Pn− = −s0n−,τ− , (24)

H−(q̇, q) =
s0
2

(
u2−,τ− − n

2
−,τ− − 1

)
, (25)

H−(p, q) =
1

2s0

(
P 2
u− − P 2

n−
)
− s0

2
. (26)

In R-region, by analogy, from (17) we obtain

Pu+ = s0u+,ζ+ , Pn+ = −s0n+,ζ+ , (27)

H+(q
′, q) =

s0
2

(
u2+,ζ+ − n

2
+,ζ+ − 1

)
, (28)

H+(p, q) =
1

2s0

(
P 2
u+
− P 2

n+

)
− s0

2
, (29)

where an evolutional coordinate is the spacelike coor-
dinate ζ+.
Easily to see that momentums Pu± , Pn± are saved,

and Hamiltonians H± are vanished by virtue of the
constrains (23). Hence we obtain the general solutions
of geodesic equations on the minisuperspaces in the R-
and T-regions

u− =
1

s0
Pu−τ− + Cu− , n− = − 1

s0
Pn−τ− + Cn− , (30)

u+ =
1

s0
Pu+ζ+ + Cu+ , n+ = − 1

s0
Pn+ζ+ + Cn+ , (31)

R+ =
r

s0

(
Pu+
− Pn+

)
+

1

2
Rg

(
Cu+

+ Cn+

)
, (32)
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where momentums obey the constrains

P 2
u− − P 2

n− = P 2
u+
− P 2

n+
= s20. (33)

If one substitutes these expression for u± in metrics
(14,16), and taking into account constrains (33), one
gets the general solutions Einstein equations in the R-
and T-regions for the calibrations N = 1.

2.3. Matching conditions

Since the surface R(r, x0) = Rg divides ST on the
T- and R-regions with the metrics (14) and (16), then
there is a problem finding of the matching conditions.
Foremost the first quadratic forms of the sections τ =
ζ = const must be equal.(

ds2−
)
τ−=ζg

=
(
ds2+

)
ζ+=ζg

τ− = ζ+ = ζg, (34)

From here, supposing ζ− = τ+, we obtain

u− = u+, n− = n+ at τ− = ζ+ = ζg.

Now, we consider variations of the action S at N = 1:

δS = δS− + δS+ =

ζg∫
0

δL−dτ− +

∞∫
ζg

δL+dζ+ . (35)

From here, at the fixed boundary conditions we obtain
the motion equations in the T- and R-regions:

u−,τ−τ− = 0, n−,τ−τ− = 0 , (36)

n+,ζ+ζ+ = 0, u+,ζ+ζ+ = 0 . (37)

Let now the fields on the infinity and in the center are
fixed, and on the boundary of the T- and R-regions
they are free. Then using (35) we find

δS = s0
[(
u+,ζ+ − u−,τ−

)
δu−− (38)

−
(
n−,τ− − n+,ζ+

)
δn−

]
τ=ζ=ζg

. (39)

By virtue of the δS = 0 and arbitrariness of value
{δu−, δn−} from here follows the matching conditions
of the derivatives. As a result, we obtain

u− = u+, n− = n+, (40)

u−,τ− = u+,ζ+ , n−,τ− = n+,ζ+ . (41)

2.4. Mass function in the R- and T-regions

From the definition of the mass function

M =
c2

2κ
R
(
1 + γabR,aR,b

)
(42)

we obtain the mass functions in the T- and R-regions
as the functions of the velocities and coordinates:

M− =
c2Rg

4κ

(
n− + u− + (n− − u−)

(
n−,τ− + u−,τ−

)2)
,

(43)

M+ =
c2Rg

4κ

(
u+ + n+ − (u+ − n+)

(
u+,ζ+ + n+,ζ+

)2)
.

(44)
or, as the functions of the momentums and coordi-
nates

M− =
c2Rg

4κ

(
n− + u− +

1

s20
(n− − u−)

(
Pu− − Pn−

)2)
,

(45)

M+ =
c2Rg

4κ

(
u+ + n+ −

1

s20
(u+ − n+)

(
Pu+ − Pn+

)2)
,

(46)

Using the motion equations or constrains, it is easy
to show that the derivatives of the mass functions with
respect to evolutional coordinates τ−, or ζ+ in the T-
or R-fields, respectively, as well as Poisson brackets
between Hamiltonians and mass functions, vanish

(M±),± = {M±, H±} =
2Rg

4κs20

(
Pu± − Pn±

)
H± = 0.

Here (M−),− = ∂M−/∂τ− and (M+),+ = ∂M+/∂ζ+.
Thus, the dynamical quantities M±(p, q) are the
integrals of motion.

2.5. The construction of metrics with the help of
constrains and mass functions

Let us assume that M(q, p) = m. This implies

u± + n± −
1

s20

(
u± − n±

) (
Pu±

− Pn±

)2
=

4κm

c2Rg
.

Taking into account the constrains (33) from here we
find

Pu± = ±
s0
(
u± − 2κm/c2Rg

)√
(u± − 2κm/c2Rg)

2 − (n± − 2κm/c2Rg)
2
, (47)

Pn± = ∓
s0
(
n± − 2κm/c2Rg

)√
(u± − 2κm/c2Rg)

2 − (n± − 2κm/c2Rg)
2
. (48)

Further, from the general solutions (30) and (30), we
obtain u(0) = Cu , n(0) = Cn . Hence

Pu± = ±ϵ2
s0
(
Cu± − 2κm/c2Rg

)√(
Cu± − 2κm/c2Rg

)2 − (Cn± − 2κm/c2Rg

)2 ,
(49)

Pn± = −ϵ2
s0
(
Cn± − 2κm/c2Rg

)√(
Cu± − 2κm/c2Rg

)2 − (Cn± − 2κm/c2Rg

)2 .
(50)
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From the last expression in the (13) it follows that
u+ = 2R+/Rg −n+. Then from the metric (16), using
the (8) and (13), we find that g00 = 1 − n+Rg/R+.
Owing to asymptotic condition g00 = 1−Rg/R+ when
R+ → ∞, where Rg = 2κm/c2, it follows from this
n+ → 1 and s0 = κm2/c. Then from (31) we have
Pn+ = 0, Cn+ = 1 and momentum constrain (33)
gives Pu+ = s0. Here we confined oneself to a positive
value. As a result, the solution (31), takes the form
u+ = ζ+ + Cu+ , n+ = 1. Assumed that that Cu+ = 0
and substituting the obtained solution in (16), where
N+ = 1, we obtain the Schwarzschild solution in a
scale-invariant form

ds2+ =
R2

g

4

{
ζ+ − 1

ζ+ + 1
dτ2+ −

ζ+ + 1

ζ+ − 1
dζ2+ − (ζ+ + 1)2 dσ2

}
, (51)

Finally, using (32), we find R = r+κm/c2. Taking into
account the relations u+ = ζ+, n+ = 1, (8) and (16) we
come to the standard expression for the Schwarzschild
metric.
In order to find the metric in the T-region we use

the solution (30), the matching conditions (40), and
the metric (14). As a result we obtain a trajectory of
the system {u− = τ, n− = 1} in the minisuperspace
and the metric of ST in the scale-invariant form

ds2− =
R2

g

4

{
1 + τ−

1− τ−
dτ2− −

1− τ−

1 + τ−
dζ2− − (1 + τ−)2 dσ2

}
.

(52)

3. Quantum description

3.1. Quantization in the T-region

When choosing a method of quantization by the for-
mula Ĥ ∼ ∆ + qR (choice of the order for operators)
we can use the usual covariant quantization, assum-
ing Ĥ ∼ ∆, because minisuperspace is flat. With this
in mind, we have transformed the classical action and
the metric of minisuperspace to the maximum simple
Lorentzian form. Here evolution variable is the dimen-
sionless timelike coordinate τ , the generalized coordi-
nates and velocities are {u−, n−} and {u−,τ− , n−,τ−},
the momentums are {Pu−, Pn−}. We define the mo-
mentum operators by the standard formulae

P̂n− = −ih̄
∂

∂n−
, P̂u− = −ih̄

∂

∂u−
. (53)

Then the Hamiltonian has the form

Ĥ− = − h̄2c

2κm2

(
∂2

∂u2−
− ∂2

∂n2
−

)
− κm2

2c
. (54)

The Hamilton constrain leads to the DeWitt equation

Ĥ−Ψ− = 0⇒
(
∂2

∂u2−
− ∂2

∂n2
−

)
Ψ− + µ4Ψ− = 0 , (55)

where µ =
√
s0/h̄ = m/mpl, mpl =

√
ch̄/κ. The

mass function in the T-region corresponds to the mass
operator

M̂− =
m

2

(
u− + n− +

u− − n−

µ4

(
∂

∂u−
− ∂

∂n−

)2
)

.

(56)

Further, we introduce the light coordinates in the min-
isuperspace of the T-region

ξ− = u− − n− , η− = u− + n− . (57)

Then the Hamiltonian, DeWitt equation and mass op-
erator take the forms

Ĥ− = −2ch̄2

κm2

∂2

∂ξ−∂η−
− κm2

2c
, (58)

∂2Ψ−

∂ξ−∂η−
+
µ4

4
Ψ− = 0 , (59)

M̂− =
m

2

(
η− +

4

µ4
ξ−

∂2

∂ξ2−

)
. (60)

We consider the operator commutator[
Ĥ−M̂

]
Ψ− =

4

µ4
Ĥ−

∂Ψ−

∂ξ−
=

4

µ4

∂

∂ξ−

(
Ĥ−Ψ−

)
,

(61)
We see that commutator vanishes on constrain
Ĥ−Ψ− = 0. Therefore, the eigenvalue problem of the
mass operator: M̂−Ψ− = mΨ− is necessary to solve
together with the finding of the wave functions, satis-
fying DeWitt equation. Thus the need to solve together
a system of equations

∂2Ψ−

∂ξ−∂η−
= −µ

4

4
Ψ− , µ4 =

m4

m4
pl

, (62)

∂2Ψ−

∂ξ2−
= −µ

4

4

(
η− − 2

ξ−

)
Ψ− . (63)

The compatibility condition leads to the equation

ξ−
∂Ψ−

∂ξ−
+ (2− η−)

∂Ψ−

∂η−
= Ψ− . (64)

Hence we find the Ψ− = ξ−G(Z), where G(Z) is the
arbitrary function of argument Z = ξ−(2 − η−). Sub-
stituting the Ψ− into DeWitt equation (62), we get

Z
d2G

dZ2
+ 2

dG

dZ
− µ4

4
G = 0. (65)

Its general solution

G =
1

√
Z

{
C1J1

(√
−µ4Z

)
+ C2Y1

(√
−µ4Z

)}
. (66)

where J1(x) and Y1(x) are the Bessel functions of the
first and second kind. Thus, the common wave function
of the Hamiltonian and the mass operator takes the
form

Ψ− =
ξ−√
Z−

{
C1J1

(
µ2
√

−Z−

)
+ C2Y1

(
µ2
√

−Z−

)}
.

(67)

Returning to the variables {u−, n−}, we find

Ψ− =
u−−n−√

(n−−1)2−(u−−1)2
·

·
{
C1J1

(
µ2
√

(u− − 1)2 − (n− − 1)2
)
+

+C2Y1

(
µ2
√

(u− − 1)2 − (n− − 1)2
)}

.
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The minisuperspace metric dΩ2
− = du2− − dn2− > 0

in the T-region gives the physically admissible timelike
directions (u− − 1)2 − (n− − 1)2 > 0 of the vector
ξa− = u− − 1, n− − 1. For the regularity of the wave
function, on the light-cone (u− − 1)2 − (n− − 1)2 = 0
in the minisuperspace, we suppose that C2 = 0. As
a result, the wave function of the black hole with the
mass m in T-region takes the form:

Ψ− =
C−(u− − n−)J1

(
µ2
√

(u− − 1)2 − (n− − 1)2
)

√
(n− − 1)2 − (u− − 1)2

. (68)

The found wave function depends on the square
two-dimensional vector ξa− = {u− − 1, n− − 1} with
initial point {1, 1}. In the physical region the wave
function oscillates and decreases. Outside the light
cone, it decreases monotonically

3.2. Quantization in the R-region

Here the formal evolution variable is the dimension-
less spacelike coordinate ζ, the generalized coordinates
and velocities are {n+, u+}

{
u+,ζ+ , n+,ζ+

}
, the mo-

mentums are {Pu+ , Pn+}. We define formally momen-
tum operators by the formulae

P̂u+ = −ih̄ ∂

∂u+
, P̂n+ = −ih̄ ∂

∂n+
. (69)

The Hamiltonian has the form

Ĥ+ = − ch̄2

2κm2

(
∂2

∂u2+
− ∂2

∂n2
+

)
− κm2

2c
, (70)

The Hamilton constrain H+ = 0 leads to the DeWitt
equation:

Ĥ+Ψ+ = 0⇒
(
∂2

∂u2+
− ∂2

∂n2
+

)
Ψ+ + µ4Ψ+ = 0. (71)

The mass function corresponds to the mass operator

M̂+ =
m

2

(
u+ + n+ +

u+ − n+
µ4

(
∂

∂u+
− ∂

∂n+

)2
)
(72)

We introduce the light coordinates in the minisuper-
space of the R-region

ξ+ = n+ − u+, η+ = n+ + u+ . (73)

Then the Hamiltonian, DeWitt equation and mass op-
erator take the forms

Ĥ+Ψ+ =
2ch̄2

κm2

∂2Ψ+

∂η+∂ξ+
− κm2

2c
Ψ+ , (74)

∂2Ψ+

∂η+∂ξ+
− µ4

4
Ψ+ = 0 . (75)

M̂+ =
m

2

(
η+ −

4

µ4
ξ+

∂2

∂ξ2+

)
. (76)

The commutator of the Hamilton and the mass opera-
tor[
Ĥ+M̂

]
Ψ+ =

4

µ4
Ĥ+

∂Ψ+

∂ξ+
=

4

µ4

∂

∂ξ+

(
Ĥ+Ψ+

)
. (77)

vanishes on the constrain Ĥ+Ψ+ = 0. Therefore, the
eigenvalue problem of the mass operator: M̂+Ψ+ =
mΨ+ should be solved together with the finding of the
wave functions, satisfying DeWitt equation. So neces-
sary to solve together a system of equations

∂2Ψ+

∂η+∂ξ+
=
µ4

4
Ψ+, (78)

∂2Ψ+

∂ξ2+
=
µ4

4

(
η+ − 2

ξ+

)
Ψ+. (79)

The compatibility condition leads to the equation

ξ+
∂Ψ+

∂ξ+
+ (2− η+)

∂Ψ+

∂η+
= Ψ+, (80)

From here we find that Ψ+ = ξ+G+(Z̃), where
Z̃ = ξ+(2 − η+). Substituting this relation into De-
Witt equation we derive the equation for the function
G+(Z̃):

Z̃
d2G+

dZ̃2
+ 2

dG+

dZ̃
+
µ4

4
G+ = 0. (81)

Its general solution taking into account the formula
Ψ+ = ξ+G+(Z̃) leads to the wave function of the state
with a certain mass

Ψ+ =
ξ+√
Z̃

{
C1J1

(
µ2
√
Z̃
)
+ C2Y1

(
µ2
√
Z̃
)}

. (82)

Take into consideration that Z̃ = (u+ − 1)2 − (n+ −
1)2, from the regularity condition of the wave function
on the light cone, we get C2 = 0. As a result, wave
function of BH with the mass m in the R-region takes
the form:

Ψ+ =
C+(u+ − n+)J1(µ2

√
(u+ − 1)2 − (n+ − 1)2)√

(u+ − 1)2 − (n+ − 1)2
.

(83)
The found wave function describes the standing
decreasing spherical wave in the minisuperspace of the
R-region.

4. Conclusion

The resulting wave function (68), (83) satisfy the
matching conditions (40). Furthermore in full minisu-
perspace R- and T- regions, we can enter the general
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smooth coordinates by the formulae

u =

{
u− = η−, −1 < η− < 1
u+ = ζ+, 1 < ζ+ <∞ ,

n =

{
n− = 1, −1 < η− < 1
n+ = 1, 1 < ζ+ <∞

}
= 1.

Herewith the common wave function of the BH for the
whole space V 4 = T ∪R has the form

Ψ =
A(u− n)√

(n− 1)2 − (u− 1)2
J1(µ

2
√

(u− 1)2 − (n− 1)2) . (84)

It corresponds to the state with a certain mass
m = µmpl. The mass spectrum obtained continuously.
This is in agreement c other works (See e.g., Cavaglia‘
at all, 1995), where other methods are used. Interest-
ing to note that formal quantization in R-region with
spacelike evolution coordinate gives the same wave
function that and in the T-region with the timelike
evolution coordinate.
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ABSTRACT. One of the main problems in the
study of system of equations of the gravitational lens,
is the computation of coordinates from the known
position of the source. In the process of computing
finds the solution of equations with two unknowns.
The problem is that, in general, there is no analytical
method that can find all of the roots (lens) of system
over the field of real numbers. In this connection, use
numerical methods like the method of tracing. For
the N -point gravitational lenses we have a system
of polynomial equations. The methods of algebraic
geometry, we transform the system to another system,
which splits into two equations. Each equation of the
transformed system is a polynomial in one variable.
Finding the roots of these equations is the standard
computing task.

Keywords: Lens: gravitational lenses, binary lenses;
Algebraic geometry: resultant.

1. Introduction

According to the general theory of relativity, the
light beam, which passes close to a point source of grav-
ity (gravitational lens) at a distance ξ from it (in case
ξ ≫ rg) is deflected by an angle

α⃗ =
2rg
ξ2
ξ⃗ =

4GM

c2ξ2
ξ⃗, (1)

where rg – gravitational radius; M – mass point of
the lens; G – gravity constant; c – velocity of light
in vacuum. The detailed derivation of the formula (1)
can be found in many classic books (Blioch et al., 1989;
Weinberg, 1972; Landau et al., 1988). For N -point of
the gravitational lens, in the case of small tilt angles
have the following equation (Zakharov, 1997; Schneider
et al., 1999) in dimensionless variables:

y⃗ = x⃗−
∑
i

mi
x⃗− l⃗i∣∣∣x⃗− l⃗i∣∣∣2 , (2)

where l⃗i – dimensionless radius vector of point masses

outside the lens, and the mass mi satisfy the relation∑
mi = 1.
The Equation (2) in coordinate form has the form of

system:
y1 = x1 −

N∑
i=1

mi
x1−ai

(x1−ai)
2+(x2−bi)

2

y2 = x2 −
N∑
i=1

mi
x2−bi

(x1−ai)
2+(x2−bi)

2

, (3)

where ai and bi are the coordinates of the radius-vector
l⃗i, i.e. l⃗i = (ai, bi).

2. Mathematical definitions and theorems

For conversion of system (3) we needs the following
definitions and theorems.
Definition 1. Let K – an arbitrary field of numbers,

and f(x), g(x) – polynomials of K[x] over this field.
The resultant R(f, g) of the polynomials f(x), g(x) is
called an element of K, which we have defined by the
formula:

R(f, g) ≡ am0 bn0
∏i=n

i=0

∏j=m

j=0
(αi − βi) , (4)

where αi, βi- the roots of polynomials, f(x) =∑i=n
i=0 aix

n−i and g(x) =
∑j=m

j=0 bjx
m−j , accordingly,

with the leading coefficients of the polynomials, such
that a0 ̸= 0, b0 ̸= 0.
Defenition 2. Matrix Sylvester for polynomials

f(x) =
∑i=n

i=0 aix
n−i and g(x) =

∑j=m
j=0 bjx

m−j is
called a square matrix S = S(f, g) of the order of n+m
elements of which are defined by sij ,

S = [sij ] =



a0 a1 a2 ... ...
a0 a1 a2 ...

... ... ...
an−1 an

b0 b1 b2 ... ...
b0 b1 b2 ...

... ... ...
bm−1 bm


,

(5)
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where the number of rows with coefficients ai is equal
to m = deg g(x), and the number of rows with equal
coefficients bj is equal to n = deg f(x).
The resultant and Sylvester matrix connects the fol-

lowing
Theorem 1. Let R(f, g) – the resultant of f and g,

and S(f, g) - they Sylvester matrix, then:

R(f, g) = detS(f, g) (6)

The proof of Theorem 1, see. eg, (Lang 1965, Van
Der Waerden 1971).
We have the following
Theorem 2. The polynomials f and g have a com-

mon root, if and only if,

R(f, g) = 0. (7)

The modern proof of Theorem 2 sees. Eg., (Lang,
1965; Van Der Waerden, 1971).
From Theorem 2 follow
Theorem 3. Let A = A(x1, x2) and B = B(x1, x2)

are polynomials of two variables x1 and x2. System of
equations {

A(x1, x2) = 0
B(x1, x2) = 0

, (8)

has a solution, if and only if, at least one of the results
Rx1(A,B), Rx2(A,B) is zero.
The proof of Theorem 3, see. Eg (Walker, 1950; Van

Der Waerden, 1971).
There is also
Theorem 4. The polynomials A = A(x1, x2) and

B = B(x1, x2) have a common component, if and only
if, at least one of the results, Rx1(A,B), Rx2(A,B) is
identically equal to zero.

3. The algorithm for constructing images for
N-point lens

Theorems 1-3 we use the algorithm for solving the
problem of calculating the coordinates of the image
points. The right parts the equations of system (3),
are rational functions of the variables x1 and x2. We
transform each equation of the system (3) in a polyno-
mial equation, and we obtain a system of equations:{

F1(x1, x2, y1) = 0
F2(x1, x2, y2) = 0

. (9)

We apply to the system (9) Theorem 4. Let’s see
has the common component the equations of system.
If there is a common component, we separate it. In this
case, the system (9) is divided into several sub-systems
with the equations without common components. If
there is no common components, we are using theorem
3, and we are eliminate from system (9) of the vari-
able x1, and then the variable x2. The two obtained

equations form a system

{
R1(x2, y1, y2) = 0
R2(x1, y1, y2) = 0

. (10)

System (10) from the system (9), but in general it
is not equivalent. The first equation of the system
is a polynomial in the variable x2. The second – a
polynomial in the variable x1. The variables y1 and
y2 we believe parameters. We compute the set of
roots of each of R1 and R2 polynomials and select
them to a subset of real roots. Determine the direct
multiplication of the sets of real roots of polynomials.
We check each pair of direct multiplication so that it
satisfies the system (9). This selection is completely
defines the set of solutions of this system. Thus, in
the first stage, a solution of (3) we are reduced to the
computation of roots of polynomials in one variable.
We achieve this by using analytical methods of classi-
cal algebraic geometry. In the second stage, we apply
approximate methods of calculation. The problem
is reduced to the computation of roots of polyno-
mials in one variable over the field of complex numbers.

4. The binary lens

The binary lens (in the case of N = 2) were stud-
ied in many works, see. Eg, (Schneider et al., 1999,
Schneider et al., 1986, Asada 2002, Cassan 2008, Witt
1990).To demonstrate the method, we consider the
two-point gravitational lens with equal masses m1 =
m2 = 1/2. Point masses are on the x – axis at a dis-
tance a from the origin to (Figure 1).

{
y1 = x1 − 1

2
x1−a

(x1−a)2+x2
2

− 1
2

x1+a
(x1+a)2+x2

2

y2 = x2 − 1
2

x2

(x1−a)2+x2
2
− 1

2
x2

(x1+a)2+x2
2

. (11)

In this case, the system (3) takes the form:We trans-
form the system (11) to (9) and we represent the poly-
nomials F1 and F2 in the lexicographical form in as-
cending powers of the variable x1. We have:



F1 = −y1(a4 + 2a2x22 + x42) + (a2 − x22+
+(a2 + x22)

2)x1 + 2y1(a
2 − x22)x21+

+(2x22 − 1− 2a2)x31 − y1x41 + x51,
F2 = (−a2x2 − x32 + (a2 + x22)

2(x2 − y2))−
−(x2 + 2(a2 − x22)(x2 − y2))x21+

+(x2 − y2)x41.

(12)

With the resultant R1 = R(F1, F2) exclude from
the system (12) variable x1. Sylvester matrix S1 =
S(F1, F2) is of the order degF1 + degF2 = 9. Since
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Figure 1: The binary gravitational lens.

R1 = detS1, we have:

R1(x2, y1, y2) = 4a4x22(a
2 + x22)(−a2y32−

−y22(1− a2 + 4a4 + 4a2y21 + 4a2y22)x2−
−y2(4a2 − 4a4 + 4a6 + y21 + 4a2y21−
−8a4y21 + 4a2y41 + 5y22 − 4a2y22+
+8a4y22 + 8a2y21y

2
2 + 4a2y42)x

2
2+

+(4a6 − 4a4 + y21 + 4a2y21 − 8a4y21+
+4a2y41 + y22 − 12a2y22 + 8a4y22 − 8y21y

2
2+

+8a2y21y
2
2 − 8y42 + 4a2y42)x

3
2−

−4y2(a4 − a2 − y21 − 2a2y21 + y41−
−y22 + 2a2y22 + 2y21y

2
2 + y42)x

4
2+

+4(a4 + 2a2(y22 − y21) + (y21 + y22)
2)x52).

(13)

Similarly calculate the resultant R2:

R2(x1, y1, y2) = 4a4x21(a
2 − x21)(−a2y31+

+y21(1 + a2 + 4a4 − 4a2y21 − 4a2y22)x1−
−y1(4a2 + 4a4 + 4a6 − 5y21 − 4a2y21−
−8a4y21 + 4a2y41 − y22 + 4a2y22+
+8a4y22 + 8a2y21y

2
2 + 4a2y42)x

2
1+

+(4a4 + 4a6 − y21 − 12a2y21 − 8a4y21+
+8y41 + 4a2y41 − y22 + 4a2y22 + 8a4y22+

+8y21y
2
2 + 8a2y21y

2
2 + 4a2y42)x

3
1+

+4y1(a
2 + a4 − y21 − 2a2y21 + y41−

−y22 + 2a2y22 + 2y21y
2
2 + y42)x

4
1−

−4(a4 − 2a2y21 + y41 + 2a2y22 + 2y21y
2
2 + y42)x

5
1).

(14)

If there are the coordinates y1 and y2 of source, coordi-
nates of images x1 and x2 can be calculated in several
ways.

The first method. Numerically solve the equations
R1(y1, y2, x2) = 0 and R2(y1, y2, x1) = 0. Deter-

mine the sets of their roots x
(i)
1 {x

(1)
1 , x

(2)
1 ...x

(p)
1 } and

x
(j)
2 {x

(1)
2 , x

(2)
2 ...x

(q)
2 }, respectively. Select a subsets of

real roots. Determine their direct multiplication of.

Couples (x
(i)
1 , x

(j)
2 ) – elements of direct multiplication,

substitute into the original system of equations (11).
Choose solutions that satisfy the system. It uniquely
identifies the set of solutions of the system (11).

The second method. Numerically solve one of the
equations (14), such as the first. Calculate the set

of its roots x
(j)
2 {x

(1)
2 , x

(2)
2 ...x

(q)
2 }. Select a subset of

real roots. Each of the real roots substitute into
the equation of system (11). Find the solutions

x
(i)
1 {x

(1)
1 , x

(2)
1 ...x

(p)
1 } that correspond to each of the

roots of x2.

5. Conclusions

In this article we offer a quasi-analytic method of
solution of the vector equation N -point gravitational
lens. The method consists of two main stages. Ana-
lytical stage, in which we reduce the problem to the
solution of systems of polynomial equations, which,
in turn, reduce to the problem of finding the roots
of polynomials in one variable. The numerical stage,
in which we calculate the roots of polynomials in one
variable. A complete solution we get when we separate
real solutions and we tested them. Thus, our method
is both more accurate and faster.
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ABSTRACT. X-ray counterparts for 35 galaxy clus-
ters contained in the PF catalogue of galaxy clusters
and groups were found in XMM-Newton archive. 22
ones (all from ACO catalogue) have extended elliptic
X-ray haloes appropriate for determination of orienta-
tion. Position angles and eccentricities were calculated
and compared with cluster orientations optical band.

Keywords: Galaxies: clusters; X-rays: galaxies:
clusters.

1. Introduction

The study of morphology of galaxy clusters is im-
portant for understanding the large scale structure of
Universe. Orientation of galaxies and clusters may give
information about clusterisation and cosmologic evo-
lution. The best way to consider orientation of ex-
tragalactic objects is the usage of special large and
uniform catalog of galaxy clusters. Clusters are also
suitable for orientation analysis in X-ray band because
they contain a haloes of hot intergalactic gas.

Since (Binggeli, 1984) orientation of galaxies in clus-
ters was the subject of numerous studies. Orientations
of galaxies in 247 rich Abell clusters were studied in de-
tail in Godlowski et al. (2010) and Panko et al. (2013)
with corresponding statistical analysis and simulations.
Orientation of galaxies from compact sample can be
numerically described by the distribution of anisotropy
parameter. The parameter was calculated for edge-on
galaxies in Parnovsky & Tugay (2007) and for nearby
galaxy groups in Godlowski et al. (2012). Orientation
of galaxies in nearby groups was studied by Pajowska
et al. (2012) too.

2. Observational data

Our study in optic band based on PF catalogue
of galaxy clusters and groups data. The catalogue
contains 6188 structures of southern sky (Panko &
Flin, 2006). Orientations and shapes of PF clusters
were calculated taking into consideration galaxy 2D
locations in the cluster field using the covariance
ellipse method (Carter & Metcalfe, 1980; Biernacka et
al., 2007). To select PF clusters counterparts in X-rays
we used Xgal list of all X-ray extragalactic sources
observed by XMM-Newton space observatory (Tugay,
2012). Xgal includes 5021 sources and approximately
30% of them are galaxy clusters. In the current
study we found PF clusters counterparts in X-rays,
calculated their orientations and eccentricities in X-
ray band and compared obtained values with optical
data, including the anisotropy signs in distribution of
galaxies inside the clusters.

3. Method

Cross-correlation of PF and Xgal objects was
performed on the base of condition of appearing Xgal
source within PF cluster radius. We found 35 Xgal
sources counterparts in PF catalogue. To estimate
orientation of X-ray halo we selected at XMM images
pixels with certain numbers of detected photons (two,
three, four etc). Then we approximated each set of
pixels with ellipse by the minimal square method
and found positional angle PA and eccentricity e.
We succeeded to find X-ray orientation for 28 Abell
clusters (Abell, Corwin & Olowin, 1989) from PF
catalog but 6 of them have no appropriate optical
orientation. Common results are presented in Table 1.
Table 2 shows PF clusters with X-ray sources that are
unappropriate for orientation determination by any
reason.

34 Odessa Astronomical Publications, vol. 29 (2016)

 
DOI: http://dx.doi.org/10.18524/1810-4215.2016.29.84961 
 



Table 1: Orientation and eccentricities of X-ray PF galaxy clusters.
PF ACO PA PAX ePF eX

0004-3606 2717 160 36±17 0.29 0.37±0.08
0009-3469 2721 93 12±6 0.23 0.67±0.02
0022-1954 13 102 57±3 0.13 0.64±0.04
0034-2570 22 174 105±7 0.13 0.58±0.17
0042-3308 S 41 163 118±1 0.14 0.60±0.01
0068-2875 2811 119 65±10 0.24 0.48±0.05
0082-2951 S 84 6 58±11 0.17 0.48±0.06
0104-2195 133 65 16±6 0.09 0.55±0.03
0115-4600 2877 179 41±29 0.17 0.29±0.09
0168-5458 2933 70 22±3 0.08 0.75±0.30
0229-4765 S 239 148 198±8 0.16 0.59±0.06
0329-4427 3112 17 12±1 0.14 0.63±0.02
0350-5258 3128 162 139±5 0.14 0.91±0.05
0370-5364 3158 56 11±6 0.11 0.50±0.05
0480-3720 514 61 35±1 0.20 0.67±0.01
0500-3868 3301 43 69±3 0.08 0.48±0.02
2020-5671 3667 39 31±5 0.13 0.74±0.06
2070-3523 3705 122 115±6 0.29 0.47±0.04
2149-5088 3771 0 148±58 0.13 0.62±0.19
2181-3068 3814 60 16±4 0.17 0.50±0.03
2187-1958 2384 167 104±5 0.29 0.81±0.05
2229-3570 3854 27 57±10 0.29 0.41±0.10

3. The general notes on selected clusters

Here are general notes on selected clusters.

A 2717, A 2877, AS 1111. These clusters looks like
spherical, but for first and second ones we deter-
minedPA.

A 13, A 2811, AOS84, AS 239, AO3158, A 3667,
A 3771, A 3856. Orientation of cluster core differs from
periphery. We didn’t determine PA for AC3856.

Double clusters: A 2933, A 3128, A 2384.

Faint clusters: A S 41, A 514, A 3301.

A 3705 - a pair of interacting clusters, but PA was
found by X-ray image.

Clusters with undefined orientation or with large dif-
ferences in optical and X-ray PA are presented in Ta-
ble 3.

Except for 22 clusters with both optical and X-ray
orientation there are 13 PF clusters with X-ray sources
for which it is impossible to compare orientations.

4 point X-ray sources were found within PF clusters.
No X-ray haloes of galaxy clusters were detected for
these systems.

1. PF 0120-3828. BAX 017.9025-38.1867 cluster.
X-ray source 2MASXJ00570192-3806028 galaxy (only
3 references in SIMBAD).

2. PF 0093-2244. MCXC J0056.9-2213 cluster. X-
ray source RBS139 Seyfert 1 galaxy.

Table 2: PF clusters with X-ray sources not suitable
for comparison of orientation.

PF ACO PA PAX note
0093-2244 MCXC 131 - point source
0120-3828 BAX 106 - point source
0263-5237 3038 146 - point source
0408-3720 new 180 - point source
0451-6138 3266 106 - interacting
0532-2498 Snow 20 24 - point source
2230-3890 3856 - 50±4 diff. orient.
2256-3778 3888 - 166±6
2277-5266 3911 - 50±4
2323-4265 S 1101 - 147±1
2331-4225 S 1111 - - spherical
2378-2816 4038 - 32±6
2395-3453 4059 - 58±5

3. PF 0263-5237. Abell 3038 cluster. X-ray source
ESO 198-24 Seyfert 1 galaxy.

4. PF 0532-2498. Snow 20 cluster (T.Snow, 1970).
X-ray source - IC 411 galaxy (9 references).

PF 0408-3720 cluster was unknown in previous
works. In the region of this cluster we found ESO 359-
19 Seyfert 1 galaxy.

A 3266 - complex system of interacting clusters un-
appropriate for orientation estimation in X-rays.

7 PF clusters (bottom of Table 2) have no anisotropy



Table 3: Notes on large differences in orientation. Most
of such clusters has near-spherical X-ray halo. Optical
orientation of last 5 clusters can not be determined
because of their diffuse structure.

PF ACO PA PAX eX
0034-2570 22 174 105±7 0.13
0042-3308 S 41 163 118±1 0.14
0068-2875 2811 119 65±10 0.24
0229-4765 S 239 148 198±8 0.16
0350-5258 3128 162 139±5 0.14
0500-3868 3301 43 69±3 0.08
2070-3523 3705 122 115±6 0.29
2149-5088 3771 0 148±58 0.13
2187-1958 2384 167 104±5 0.29
2230-3890 3856 - 50±4 differs
2256-3778 3888 - 166±6
2277-5266 3911 - 50±4
2323-4265 S 1101 - 147±1
2395-3453 4059 - 58±5

signs in optical band, according to Panko (2013) crite-
ria, so we excluded them from comparison with X-ray
data. Specifically, A 3856 shows different orientation
of the core and periphery of X-ray halo; A 1111 has
spherical halo; other clusters include A 1101, A 3888,
A 3911, A 4038 and A4059.

4. Results and conclusion

Analysis of Table 1 shows that PA tend to correlate.
Eccentricity is larger in X-rays because visible hot gas
halo lies close to the center of cluster in the region
of larger potential. The correlation of orientation in
two bands leads to issue that galaxies and gas halo
in clusters are involved in significant gravitational
interaction but the processes of cluster evolution
continue in the current cosmological era.
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ABSTRACT. We studied the Holmberg effect in
galaxy pairs selected from the SDSS DR9, where 60561
galaxies were limited by redshift 0.02 < z < 0.06 and
absolute magnitude: Mr ≤ −20.7m for central galax-
ies (N=18578) andMr > −21.5m for neighbor galaxies
(N=41983). We have made a morphological classifica-
tion for each galaxy using both the visual inspection
and machine learning methods. We considered four
morphological types of galaxy pairs (E, early, and L,
late, types) for testing the Holmberg effect: E- E, E-L,
L-E, L-L (first companion of pairs is a central galaxy
and second one is a faint satellite galaxy). We con-
cluded about the absence of the Holmberg effect: Rg−i

= 0.3 for L-E pairs at 0.04 < z ≤ 0.06 and Rg−i = 0.2
for E-E and E-L pairs at 0.02 ≤ z ≤ 0.04.

Summarizing, a correlation of color indices in pairs
for the samples of galaxies composed with the half
of large sky surveys likely SDSS was not confirmed
or confirmed partially. The Holmberg effect is rather
connected with morphological types of galaxies than
with their color indices. Taking into account a
scenario of the secular evolution, the presence of at
least one elliptical galaxy in pair may be indicator
of previous mergers in the earlier epoch. So, figuring
manifestations of the Holmberg effect in its original
interpretation no longer seems such urgent.

Keywords: galaxies: color indices.

1. Introduction

In 1958, Holmberg has found a color indices (B-V)
dependence for 32 pairs of galaxies with a correlation
coefficient of R = +0.80±0.6 using the difference in the
radial velocity of pair components ∆V ≤ 250 km/s as
a selection criteria (Holmberg, 1958). Later on such a
correlation of color indices in the close paired galaxies
was called the “Holmberg effect”and tested many times
for different galaxy samples. The interest to this effect
is caused that it may be explained as a tendency to
have similar morphological types for galaxies, which
are evolving together.

We note below several results obtained in 1980-2000

before the era of big data, which were in favor of this
effect. Tomov (1979) has obtained (B-V) and (U-
B) color indices for 105 pairs of galaxies from RC2
Catalog by de Vaucouleurs and confirmed the effect.
Then, Demin et al. (1984) have continued work with
this sample and found a “color indices - morphological
types”relation for pairs with a different morphological
types of galaxies (E - elliptical, S - spiral) with cor-
relation coefficients RB−V (U−B) ∼ 0.7 − 0.8 for E-E
and S-S pairs, RB−V (U−B) ∼ 0.5 − 0.6 for E-S pairs.
Reshetnikov (1998) in his work with a sample of 24 in-
teracting galaxies selected from the catalogs by Arp,
by Vorontsov-Velyaminov, and by Karachentsev (is-
sued in 1966, 1959, and 1972, respectively) obtained
RB−V (U−B) ∼ 0.8 − 0.9. Hernandez-Toledo et al.
(2001) for a sample of 45 S-S paired galaxies from the
catalog by Karachentsev of 1972 year have resulted as
RB−V = 0.77.
One of the explanation of such a linear correlation

for pairs with different morphological composition was
that the evolution of galaxies in pairs is occurring in
parallel under the influence of a common gravitational
interaction and mutual gas dynamic processes over sev-
eral billion years (Karachentsev, 1987) and can pro-
vide, for example, the periodic bursts in S-S pairs from
starforming regions originating simultaneously in both
components (Demin, 1984).
It is important to emphasize that in those years the

data on the radial velocities were sparsed as well as
only several dozens gravitationally connected galaxy
pairs were known. The selection criteria were based
on the two-dimensional projected sky separation and
galaxy diameter. For example, when later on, Franco-
Balderas et al. (2003, 2004) reexamined a morpholog-
ical classification of galaxy pairs from the Karachent-
sev’s catalog and remeasured their photometric param-
eters, they obtained that the Holmberg effect is a very
weak or entirely absent for these objects.
The era of big data and surveys likely SDSS allowed

us to compile more wider samples of galaxies with a
good quality photometric and spectroscopic properties.
Looking ahead, we say that significant correlations of
the color indices for galaxies in pairs were not found in
studies of samples from the SDSS survey.
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Table 1: Correlation coefficients, R, of color indices
(Mg −Mi) of galaxies in pairs from SDSS DR9 sample

Morph.
type

Sub-
sample

N
pairs

R, SDSS
pairs

R, random
pairs

L-L
1 35 0.05 0.006
2 87 0.17 0.00001

L-E
1 24 0.02 0.007
2 62 0.3 0.003

E-E
1 174 0.2 0.0001
2 289 0.05 0.001

E-L
1 106 0.2 0.001
2 229 0.15 0.006

In this work we examine the presence of Holm-
berg effect both for a new sample of galaxy pairs
selected from SDSS DR9 at z ≤ 0.1 by the three-
dimensional Voronoi tesselation method (Dobrycheva,
2015) and for several aforementioned samples of
galaxies, for which we updated their color indices
by reducing to the SDSS colorimetry. These results
are presented in Section 2 and 3, respectively. Their
comparison with results obtained for others SDSS
samples and concluding remarks are given in Section 4.

2. The Holmberg effect verification for the
paired galaxies from SDSS DR9

2.1. The sample of galaxy pairs from SDSS DR9

The studied sample of paired galaxies selected from
SDSS DR9 is described in our papers (Dobrycheva,
2013; Dobrycheva et al., 2015). It is consisted of
N = 60561 galaxies with redshifts 0.02 ≤ z ≤ 0.06
and absolute magnitudes −24m ≤ Mr ≤ −19.4m. We
determined the absolute magnitudes as follows:

Mr = mr − 5 ∗ lg(DL)− 25− extr −K(z)r,

where mr - visual magnitude in r band, DL - distance
luminosity, extr - the Galactic absorption in r band by
Schlegel et al. (1998), K(z)r - k-correction in r band
according to Chilingarian et al. (2010, 2012). We de-
termined the color indices using the following formulas:

Mg−Mi = (mg−mi)−(extg−exti)−(K(z)g−K(z)i),

where mg and mi - visual magnitude in g and i band;
extg and exti - the Galactic absorption in g and i band;
K(z)g andK(z)i - k-correction in g and i band, respec-
tively.
We divided the studied sample into subsamples of

the central galaxies (Mr ≤ −20.7m, N=18578) and
their neighbors (−20.7m < Mr ≤ −19.4m, N=41983)
(see Figure 1). We applied the 3D Voronoi tessellation
method (Elyiv et al., 2009)) to identify galaxy paired
systems as “the central galaxy - the closest neigh-

Figure 1: The absolute magnitude of galaxies as a
function of redshift for central galaxies (N=18578) and
their neighbors (N=41983) selected from SDSS DR9 at
0.02 ≤ z ≤ 0.06.

bor”determining a distance between the components
up to 100 kpc. Such approach allowed us to consider
the central galaxies from the central sample as the
cores of the Voronoi cell, whereas the neighbors as
the galaxies, which hit in the field of the Voronoi cell,
from the neighbors sample. To study the Holmberg
effect we divided our sample into two subsamples by
redshift:

1) 0.02 ≤ z < 0.04, Mr ≤ −20.7m;
2) 0.04 < z ≤ 0.06, Mr ≤ −20.7m (Figure 1).

2.2. Verification of the Holmberg effect

We calculate the correlation coefficients, R, between
color indices Mg −Mi for central galaxy and the near-
est neighbor (up to 100 kpc between components) for
the aforementioned galaxy sample. The relationships
for pairs with different morphological composition
are presented in Figure 3, 4, where the first symbol
(E-E, E-L, S-S, S-L) indicates the type of central
galaxy. We compared these results with those for
pairs, where one galaxy was taken from a sample of
central galaxies and other one was selected randomly
from a sample of the nearest neighbors. Repeating
this procedure 100 times for random choice of color
indeces (Mg −Mi) of neighbor galaxy, we determined
the average value. The obtained results are given in
Table 1, where column 1 represents morphological
types of galaxies in pair; column 2 - index number of
subsamples (see Section 2.1 and Figure 1); N - number
of pairs; R, SDSS pairs, and R, random pairs, are the
correlation coefficients by Kolmogorov-Smirnov test
for galaxy pairs from SDSS and random galaxy pairs,
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Figure 2: Relationships of color indices (Mg −Mi) for
the components of galaxy pairs from SDSS DR9 (sub-
sample 1 from Figure 1). The abscissa corresponds to
the component of a pair with bigger color indices.

respectively. One can see that there is no correlation
between color indices in the studied galaxy pairs, for
example, even the biggest values of coefficients are
Rg−i = 0.3 for L-E pairs at 0.04 < z ≤ 0.06 and Rg−i

= 0.2 for E-E and E-L pairs at 0.02 ≤ z ≤ 0.04.

3. The Holmberg effect verification for the
paired galaxies from other samples

3.1. The updated galaxy sample by Tomov, which is
cross-matched with SDSS DR13

We inspected the sample of galaxy pairs by Tomov
(1979) reducing their data to the SDSS DR13. First of
all, we determined for 69 pairs of galaxies (after cross-
matching) their morphological types visually by the
SDSS Navigate tools using the simplest scheme into
E (early) type, which includes E, S0, S0a types, and L
(late), which includes types from Sa to Irr. We used
NED (NASA/IPAC Extragalactic Database) for up-
dating radial velocity for all galaxies. We remind that
Demin (1981), when analyzing this sample, has pro-
posed a criterion for physical pair based on the differ-
ence of the radial velocities of components: it does not
exceed a value of V ≤ 300 km/s. Using this criterion
we excluded 17 optical pairs of galaxies. The absolute
magnitudes Mr and color indices Mg −Mi for the rest
of 104 galaxies were redetermined according to the for-
mulas described in Section 2.1. As a result, these pairs
of galaxies have 0.0009 < z < 0.04; relationships of
color indices (Mg −Mi) for galaxies of L-L, L-E, E-E,
E-L pairs are illustrated in Figure 4.

Finally, after taking into account the confidence
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Figure 3: Relationships of color indices (Mg −Mi) for
the components of galaxy pairs from SDSS DR9 (sub-
sample 2 from Figure 1). The abscissa corresponds to
the component of a pair with bigger color indices.

Table 2: Correlation coefficients for color indices (Mg−
Mi) of 34 galaxy pairs from sample by Tomov (1979),
which are reduced and cross-matched with SDSS DR13
data

Type
of pairs

N
pairs

R, Tomov’s
pairs

R, random
pairs

L-L 16 0.30 0.02
L-E 0 0 0.01
E-E 15 0.48 0.07
E-L 3 0.52 0.01

interval and relationships of color indices (Mg −Mi),
the galaxy sample by Tomov, which is cross-matched
with SDSS DR13, contained 34 pairs. We determined
the correlation coefficients for color indices in the same
way as for our sample of paired galaxies from SDSS
DR9. One can see (Table 2) that its biggest value is
Rg−i ∼ 0.5 for E-E and E-L pairs and this is not in
favor of the presence of the Holmberg effect due to a
weak statistics and significance level.

3.2. The Catalog of galaxy pairs in the Local
Supercluster, which is cross-matched with SDSS DR13

We have taken the Catalog of pairs of galaxies in
the Local Supercluster (Karachentsev et al., 2008)
to test the Holmberg effect. This catalog contains
509 pairs with line-of-sight velocities VLG < 3500
km/s. The component line-of-sight velocity differences
and projected distances of the double systems have
power-law distributions with the median values of 35
km/s and 123 kpc, respectively. We cross-matched
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Figure 4: Relationships of color indices (Mg −Mi) for
the components of physical pairs of galaxies from To-
mov’s sample (1979) within confidence interval. The
abscissa corresponds to the component of a pair with
bigger absolute magnitude.

Table 3: Correlation coefficients for color indices (Mg−
Mi) of 136 galaxy pairs in the local Supercluster, which
are reduced and cross-matched with SDSS DR13 data

Type
of pairs

N
pairs

R, LS
pairs

R, random
pairs

L-L 126 0.26 0.002
L-E 1 - 0.005
E-E 0 - -
E-L 9 0.07 0.04

this catalog with SDSS DR13 data and turned out
that SDSS DR13 covers only 242 from 509 galaxy
pairs. We used NED (NASA/IPAC Extragalactic
Database) for updating radial velocity of galaxies.
The morphological types for each galaxies were de-
termined by the authors of this catalog, we grouped
only them onto early (E) and late (L) types. The
absolute magnitudes Mr and color indices Mg − Mi

for 484 galaxies were calculated as it is described in
Section 2.1. After determination of relationships of
color indices (Mg −Mi) between components of pairs
and taking into account the confidence interval, we
obtained 136 pairs (see Table 3 and Figure 5). One
can see that there is no correlation of color indices, the
biggest value of correlation coefficient is Rg−i ∼ 0.26
for L-L galaxy pairs.

4. Discussion and concluding remarks

The SDSS has allowed to examine the Holmberg ef-
fect based on the high quality colorimetry.
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Figure 5: Relationships of color indices (Mg − Mi)
within confidence interval for the components of galaxy
pairs in the Local Supercluster (Karachentsev et al.,
2008), which are cross-matched with SDSS DR13. The
abscissa corresponds to the component of a pair with
bigger absolute magnitude.

Allam et al. (2004) using 1479 merging pairs from
SDSS (Stoughton et al., 2002) found that the level of
significance of the correlation apparently depends on
the color indices: the highest (> 12σ) for the g−r (clos-
est SDSS analog to B-V) and the lowest (< 2σ) for the
i − z color indices. They obtained Rg−r = 0.38± 0.03
for galaxies in pairs and explained a weak correla-
tion in terms of random star formation in merging
systems. Deng et al. (2008) investigated the Holm-
berg effect for the Main galaxy pairs of the SDSS DR4
(Adelman-McCarthy et al., 2006) and found that ex-
cept for i−z color the color indices between two compo-
nents of the Main galaxy pairs have larger correlation
coefficient. They have noticed weak tendencies indicat-
ing the Holmberg effect and absence of the significant
dependences. But it is noteworthy that the Luminous
Red Galaxy pair sample (Eisenstein et al., 2001) does
not exhibit a statistically significant Holmberg effect.

Summarizing, we may note that for the samples of
galaxies composed with the half of large sky surveys
likely SDSS, this effect was not confirmed (Franco-
Balderas et al., 2003; 2004; Allam et al., 2004; Melnyk
et al., 2012; Dobrycheva et al., 2015) or confirmed par-
tially/low significance level (Deng et al., 2008, 2010).
In this work we verified the Holmberg effect with the
sample of about 1000 paired galaxies selected from
SDSS DR9 at z < 0.06 and not found a correlation be-
tween their g−i color indices. This effect in the modern
interpretation is rather connected with morphological
types of galaxies than with their color indices.

In accordance with the hierarchical scenario of struc-
ture formation and the important role of small and
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large interactions, the elliptical galaxies could be
formed by the merger of late-type galaxies. The well-
known relation “morphology-density”(Kauffmann et
al., 2004; Tinker et al., 2013; Kovac et al., 2014; Wet-
zel, 2014), which manifests itself even on the scale of
small groups (Karatsentsev, 1987); Melnik et al., 2006;
Vavilova et al., 2009; Melnyk et al., 2012; Dobrycheva
et al., 2015) testifies to this. It is known also the ob-
servational asymmetry in distribution of the early-type
galaxies from large to low redshifts (Baldry et al., 2014;
Cucciati et al., 2006; Tal et al., 2014). In other words,
the presence of at least one elliptical galaxy in the pair
may be indicator of previous mergers in the earlier
epoch. So, figuring manifestations of the Holmberg ef-
fect in its original interpretation no longer seems such
urgent.
Following the link below you will get

access to the studied sample of galaxies
(0.02 < z < 0.04) selected from the SDSS
DR9 and described in Section 2.1 of this paper:
ftp.mao.kiev.ua/pub/astro/cats/galaxies/gal sam SDS
SDR9 z from 0.02 to 0.06.csv.
Following the link below you will get access to

the complete sample of galaxies at z < 0.1 selected
from the SDSS DR9 and described in papers by
Dobrycheva (2013) and Dobrycheva et al. (2015):
ftp.mao.kiev.ua/pub/astro/cats/galaxies/gal sam SDS
SDR9 z to 0.1.csv.
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ABSTRACT. The application of the microscopic theory 
of superconductivity to describe the early Universe makes 
it possible to solve the problem of dark energy. In the 
cosmological models with superconductivity (CMS) this 
problem is solved in a natural way: dark energy is the re-
sult of pairing of primary fermions with the Planck mass, 
and its calculated density is equal to 6∙10-30 g/cm3 and is in 
good agreement with data of PLANK collaboration. At the 
same time the birth of space-time domains can also be 
described in the proposed model. Characteristic parame-
ters of interaction of primary fermions determine the 
changes of the scale and values of different, but conjugate 
with each other, phase transitions – for the dark energy, 
the observed evolving Universe and other component of 
the condensate of primary fermions.  

Keywords: gravity, superfluid gas, fermions, evolution of 
the universe, dark energy, vacuum energy. 
 

1. Introduction 
 

It was provided a number of approaches for solve the 
problem of the cosmological constant and dark energy 
(Weinberg, 1989). Previously we described the process of 
formation of dark energy as a condensate of primary fer-
mions, by analogy with the theory of superconductivity by 
Bardeen-Cooper-Schrieffer (BCS) (Bardeen, Cooper & 
Schrieffer, 1957). The vacuum was regarded as an ana-
logue of a crystal at Planck distances (Fomin, 1990). 
However, we can consider the more general problem of 
the formation of Bose condensate from Fermi gas, which 
gives better understanding of the dark energy nature and a 
new approach to solving the problem of the cosmological 
constant and dark energy. At the present time the dark 
energy manifests itself as anti-gravity, not only on a cos-
mological scale, but on the scale of galaxy groups (Ka-
rachentsev et al., 2009; Bisnovatyi-Kogan & Chernin, 
2012; Chernin et al., 2013; Eingorn & Zhuk, 2012; Bri-
lenkov, Eingorn & Zhuk, 2015; Bukalov, 2015). 

 
2. The energy spectrum of the superfluid gas  

and density of dark energy 
 
Let us consider the degenerate almost ideal Fermi gas 

with attraction between the particles, which are the primary 
fermions with a mass close to the Planck mass: PM M . It 
is well known, that even in the presence of an arbitrarily 

weak attraction between the particles, the ground state of 
the system is unstable respect to the restructuring, changing 
whole system and lowering its energy (Bardeen, Cooper & 
Schrieffer, 1957; Pitaevskii & Lifshitz, 1980). This instabil-
ity arises from the Cooper effect, i.e. aspiration to the for-
mation of bound states of fermions pairs that are in the  
p-space near the Fermi surface and have momenta equal in 
direction and antiparallel spins. For consideration of this 
problem, following to (Pitaevskii & Lifshitz, 1980), we 
introduce the Bogolyubov transformation of the operators, 
which bring together the operators of the particles with op-
posite momenta and spins: 

p, p,p p p p
ˆ ˆˆ ˆ ˆ ˆ, .p p p pb u a v a b u a v a   

 
        (1) 

The indexes + and – refer to the two values of the spin 
projection. With gas isotropy the coefficients pu , pv  can 
depend only on the absolute value of the momentum p . 
The operators comply with the creation and annihilation 
of quasiparticles on condition:  

p p p p
ˆ ˆ ˆ ˆ 1b b b b 
     , (2) 

where the index   numbers the two values of the spin 
projection. Other pairs of operators are anticommutative. 
Therefore, the transform coefficients are imposed a condi-
tion:  

2 2 1p pu v  . (3) 
The transformation inverse to (1) takes the form 

p, p,p p p p
ˆ ˆ ˆ ˆˆ ˆ, .p p p pa u b v b a u b v b   

 
        (4) 

Due to the primary role of the interaction between pairs 
of particles with opposite momenta and spins we write 
only the Hamiltonian with the members, in which 

1 2 1 2p p p, p p p        . It is following:  
2

p p p p , p, p
p pp

ˆ ˆ ˆ ˆ ˆ ˆ ˆ
2
p gH a a a a a a
m V

  
        



   ,  (5) 

where 24 /g b m   is a “coupling constant”, 0b   is 
the scattering length.  

For the account of constancy of the number of particles 
in the system a new Hamiltonian is introduced as a differ-
ence ˆ ˆ ˆH H N   , where p p

p

ˆ ˆ ˆN a a
 



  is a particle 

number operator. In this case the chemical potential is 
determined by the condition that the average value N  is 
equal to a given number of particles in the system (Pi-
taevskii & Lifshitz, 1980).  
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Introducing 2 / 2p p m    and 2 / 2Fp m  , we get 
near the Fermi surface ( )p F Fv p p   , where 

/F Fv p m . Subtract N̂  from the expression (5). Then 

p p p p , p, p
p pp

ˆ ˆ ˆ ˆ ˆ ˆ ˆ .p
gH a a a a a a
V

  
        



      (6) 

Making the transformation (4) with (2) and (3) and re-
placing p  by p , we get 

   

 

2 2 2
p p p p

p p

p p, p, p p p
p pp

ˆ ˆ ˆ ˆˆ 2

ˆ ˆ ˆ ˆ ˆ ˆ2 ,

p p p p p

p p p p

H v u v b b b b

gu v b b b b B B
V

 
   

  
     



       

    

 

 
(7) 

 2 2
p p, p p p, p, p, p p

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆˆ
p p p pB u b b v b b v u b b b b   

               . 

The choice of the coefficients pu , pv  can be carried out 
from the condition of minimum energy E  of the system 
at a given entropy. The entropy is determined by the com-
binatorial expression (Pitaevskii & Lifshitz, 1980): 

p p p p
p

ln (1 ) ln(1 )S n n n n   


       . 

In the Hamiltonian (7) diagonal matrix elements have 
only members, containing products p p p

ˆ ˆ ,b b n
    

p p p
ˆ ˆ 1b b n
   . Therefore, we find 

   2 2 2
p p

p p

2

p p
p

2

(1 ) .

p p p p p

p p

E v u v n n

g u v n n
V

 

 

      

 
   

 

 


 (8) 

Varying this expression on the parameters pu  (taking 
into account the relation (3)), we obtain as the condition 
for the minimum 

p p

2 2
p p

p

2 (1 ) 2

( ) (1 ) 0.

p p p
p p

p p p p

E n n u v
u v

g u v u v n n
V

 

    


      


    




 

Hence, we find the equation  
2 22 ( )p p p p pu v u v    ,  (9) 

where   is the sum of:  

p p
p

(1 )p p
g u v n n
V      . (10) 

From (9) and (3) we express pu , pv  via p  and  :  
2

2 2 2

1 1
2

p p

p p

u

v

           
. (11) 

Substituting these values in the (10), we obtain an equa-
tion that determines  : 

p p

2 2
p

1
1

2
p

n ng
V

  


  
 . 

In equilibrium, the occupation numbers of quasiparticles 
does not depend on the spin direction and are given by the 
Fermi distribution with zero chemical potential: 

1/
p p p 1Tn n n e


        . Going also from summa-

tion to integration over p -space, we can write this equa-
tion in the form  

3
p

32 2

1 2
1

2 (2 )
p

ng d p


 
 

. (12) 

When 0T   quasiparticles are absent, 0   , so that 

p 0n   and the equation (12) takes the form 
2

3 2 2
0

4 1
2(2 )

p

g p dp


   


. (13) 

The main contribution to the integral in (13) comes 
from momentum range, in which 

0 ~F F F Fv p p v p     and the integral is logarith-
mic ( 0  is small in comparison with  , that confirmed by 
the result). After cutting the logarithmic integral for 

~     we obtain 
2 22

1/2 2 2 1/ 22 2 2
000

2
ln

( )( )
F F

F FF F

p pp dp d
v vv p p

 
 

      
 

 . 

Here 2 3
0ln( / ) / 2 1Fgmp      , and 

   2 3
0 exp 2 / exp / 2F Fgmp p b           or 

0 exp( 2 / )Fg     , where 2 3/F Fmp     is the en-
ergy density of the particle states on the Fermi surface 
( d   is the number of states in the interval d ).  

Let us consider the shape of the energy spectrum of the 
system. The energy of the elementary excitations is 

p p (p)      . It is the change in energy of the entire 
system when changing the quasiparticle occupation num-
bers:  p/

p pu v
E n     . The calculating of ( )p  gives 

(Pitaevskii & Lifshitz, 1980): 2 2( ) pp     . Thus, the 
energy of quasiparticles can not be less than  . For 

Fp p  ( )p   . Therefore, the excited states of the 
system are separated from the main energy gap, as well as 
the quasi-particles must appear in pairs, it is possible to 
write down the value of this gap as 2 . From ( ) 0p   it 
follows that the Fermi gas has superfluidity. Thus from 
quasiparticles with energies ( )p  a gas appears, which 
moves translationally as a single unit relative to the fluid 
with velocity v . Such gas from quasiparticle corresponds 
to the normal component of the superfluid. The rest of the 
liquid will behave like a superfluid component. The den-
sity of such superfluid liquid is equal to the sum of the 
normal and superfluid components: n s    . An im-
portant property of superfluid motion is its potentiality: 
rot 0sv  . The energy 2  is the energy of the Cooper 
pairs. It must be expended to break a pair. The value of 
the distance between the particles with correlated mo-
menta, or the coherence length, is 

2
0 0/ /F

p b
F Fv e p



    


 . 
From thermodynamics of superfluid Fermi gas it fol-

lows (Pitaevskii & Lifshitz, 1980) that 0  , when 
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We calculate the heat capacity of the gas. At low tem-
peratures, we start from the formula 

( ) 2p p p
p p

E n n n           

to change the total energy by varying the quasiparticle 
occupation numbers. Divided into T  and go from sum-
mation to integration, we obtain the heat capacity: 

2 3
Fmp nC V d

T






  

 
, where V  is a volume.  

When T   quasi-particle distribution function is 
/Tn e , and their energy is 2

0 0/ 2      . We inte-
grate and get: 

0
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/0
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. (15) 

Thus, for 0T   the heat capacity decreases exponen-
tially. This is a direct consequence of the presence of the 
gap in the energy spectrum. The difference between the 
basic levels of the superfluid and normal systems is (Pi-
taevskii L.P., Lifshitz E.M., 1980): 

2
02 34

F
s n

mpE E V   
 

. (16) 

The sign “–” in (16) is the instability of the “normal” 
ground state in the case of attraction between gas parti-
cles. On one particle it falls 2~ /  . We apply the theory 
outlined above to description the dark energy of the Uni-
verse and calculation of its density. We transform (16) 
into the expression for the density: 

2
02 34

s n FE E mp
V


    
 

. (17) 

The observed density of dark energy can be regarded as 
the binding energy of the fermions. Therefore, considering 
it as the difference between the densities of the energies of 
the levels of the superfluid and normal systems, it is nec-
essary to attribute this difference as negative, indicating 
instability of the normal ground state for an arbitrarily 
small attraction between fermions, according to (17). 

With 2
02 3

1
8 4

F
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G

      
  

 we choose, for 

example, / 8Fv c  , in order to the fermion velocity on 
the Fermi surface was lower than the speed of light. Then 

2 2 2
0 / 4 /

F

F F
p b p b b

P Pe M e M e
 

  

     
 

  
1

/4 / 4i
PM e


   , where PM  is the Planck mass. 

At 
2

2 2/2 2 2
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  , where i  is the 
constant of fermions interaction. We estimate the value of 

i . Since 1/ 1/1/2 / /i i
Pe M e C     , then assuming a 

natural cutoff parameter of maximum energy equal to 
PM  , when 1(137.0599)i em

     and 8C   , we 
obtain: 
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 (18) 

27 36.09 10 kg/mDE
    in excellent agreement with the 

PLANK data (Planck Collaboration, 2013). 
Thus, at the present time, at 0z  , the observed density 

of dark energy interaction parameter of primary fermions 
is very close to the electromagnetic fine structure constant 

em  or equal to it. There are two possibilities: either the 
interaction of fermions has electromagnetic nature, or the 
equality 1

i em
    points to the existence of “shadow” or 

“mirror” long-range interactions, like the electromagnetic 
ones, for the charges of the shadow sector of matter, mani-
fests itself as a primary condensate of fermions, or dark 
energy. 

The density of the normal and superfluid systems of en-
ergy close to the Planck density, and dark energy is a 
small contribution to this density, making 12010 P

   at the 
present time, but in the grand unification epoch it was 

1210 P
  . Therefore formally the quantum field theory 

correctly estimates the true vacuum energy density as the 
Planck density, but it is the density of the superfluid sys-
tem, without making a direct contribution to the observed 
forms of energy, and therefore, into gravity. This contribu-
tion is made by only the energy of the system of fermions. 
If λ coincides with the em  or changed synchronously as a 
constant of shadow interaction, then it is possible to evalu-
ate the dynamics of changes of em    depending on the 
energy density in the early Universe. Let us consider the 
process of formation of modern values of dark energy in 
the hot early Universe. As we know from quantum elec-
trodynamics, the value of the electromagnetic fine struc-
ture constant is a function of the four-momentum 2Q : 

2
1 ln

3 2i em
e

Q
m

  
       

, (19) 

where em  is the electron mass, 2 /em e c    is the fine 
structure constant. Then, the effective density of dark en-
ergy is: 
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 (20) 

where /Q kT c  is momentum of radiation quanta and 
matter in the early Universe: 

Thus, the density of dark energy as the binding energy 
of fermions is controlled by the density of radiation en-
ergy and substance. At the same time DE  reaches a 
minimum and becomes constant at 

22 eQc m c = 1.022 MeV. For energy GUT 
1510GUT  eV we have  
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The law of variation of i  determines the dynamics of 
change in  . Before the start of transition to the super-
conducting state, with 1 0i

  , 0s   and  
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In general  121 i
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To determine the law of variation of 1
i
  we will look at 

some aspects of the Universe formation. If the Universe 
started from the Planck density 4~P PM , then up to the 
moment of the phase transition it expanded in vacuum-
like state. The scale factor a  as the radius of the Universe 
at the moment of transition from the vacuum-like in a hot 
state was a R   /H CMBR GUTR T T 

11/2 8 i
i Pt e

   , 
where /HR c H  is a modern value of the Hubble radius, 

CMBRT  is the CMB temperature. At the same time V  is a 
parameter for the phase transition. At the moment of the 
phase transition we can estimate the radius of the Universe 

UR , and accordingly the value 1
i
  depending on the 

value of the energy gap DE . For example, when 
4

DE    (246.3 GeV)4, 1
i
  73.1 and B GUTk T   

=1.35∙1015 GeV, then a  2.292 sm.  
Because dark energy is the only one of the components 

of the observable Universe, but it is comparable to other, 
so it is rightful to consider the energy density of the entire 
observable Universe as evolving dynamically changing 
difference of density of normal and superfluid fermion 
systems, i.e. being in a state of a phase transition with 
changing energy density. Then the density   can be 
identified with the critical density of the Universe. When 

2 2
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3
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F
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mpH
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 and Pm M , choose 

/ 4F Pp M c  , in order to the fermion velocity on the 
Fermi surface will be lower than the speed of light. Then 
the square of the dynamically changing energy gap deter-
mines the Hubble radius: 2 2

0 06H  . That means that the 
time parameter Ht  is a function of the occurring phase 
transition of type II, corresponding to the Universe evolu-
tion and the variable j : 
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From 1 10
0 1.4 10Ht H    years, 
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  , 1 1/ 2 137
jj F emb        at 0z  , where 

em  is the fine structure constant. 

The critical density corresponds to the Hubble parame-
ter with a value 0H   69.76 km/s∙Mpc is  
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This value c  is in good agreement with the PLANK 
results (Planck Collaboration, 2013). It should be noted 
that the proximity of the dark energy density value of the 
critical density of matter and generally can be explained 
by the proximity or the equality of the interaction parame-
ters at the present time. Such equality can be explained by 
the approximation of the various parameters i  to a single 
value, similar to the parameters behavior in the grand uni-
fication epoch: i j z em       . Thus, the observed 
dark energy and matter can be regarded as a set of quasi-
particles with energy of communication of primary fer-
mions. Therefore, the observed world can be seen as the 
difference between two energy levels of a fermion system, 
which density is close to the Planck density: 

43 / 8n P PM     , 4 2 23( ) / 8s n c P P jM M         
Thus, we can describe the observed critical density of 

the Universe as the difference between the densities of the 
superfluid and normal fermion systems, and this process is 
dynamic, providing the energy difference, which coin-
cides with the energy of the observable Universe. There-
fore, in the beginning we can start from the Planck den-
sity, when 0s  , to ( )nP s t GUT     and then to 

 2/1 j
s P e     . Thus, the energy density of the super-

fluid fermion systems can be increased from zero to a 
density close to the Planck density. 
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ABSTRACT. The observational properties of Soft
Gamma Repeaters and Anomalous X-ray Pulsars
(SGR/AXP) indicate to necessity of the energy
source different from a rotational energy of a neutron
star. The model, where the source of the energy is
connected with a magnetic field dissipation in a highly
magnetized neutron star (magnetar) is analyzed.
Some observational inconsistencies are indicated for
this interpretation. Slow rotating radiopulsars with
very high magnetic fields were discovered, which don’t
show any features of SGR, there are SGR/AXP in
which an upper limit of the dipole magnetic field
strength corresponds to average magnetic field of
radio pulsars. The energy source, connected with
the nuclear energy of superheavy nuclei stored in
the nonequilibrium layer of low mass neutron star is
discussed. The losses of rotational energy, observed
in SGR/AXP are connected with a magnetised stellar
wind, induced by the bursting events near the neutron
star surface.

Keywords: Stars: neutron - stars: magnetars -
stars: activity

1. Introduction

Neutron stars (NS) are formed as a result of a col-
lapse of the core of a massive star with a mass M >∼
12M⊙. Conservation of the magnetic flux gives an es-
timation of NS magnetic field as Bns = Bs(Rs/Rns)

2,
Bs = 10 ÷ 100 Gs, at R ∼ (3 ÷ 10)R⊙, Rns = 10 km,
Bns = 4 · 1011 ÷ 5 · 1013 Gs (Ginzburg, 1964).
Estimation of the NS magnetic field is obtained in ra-

dio pulsars by measurements of their rotational period
and its time derivative, in the model of a dipole ra-
diation, or pulsar wind model (Pacini, 1967; Goldreich
& Julian, 1969) Timing observations of single radiopul-
sars give the following estimation Bns = 2·1011÷5·1013
Gs (Lorimer, 2005).

Figure 1: P - Ṗ diagram for radiopulsars. Pulsars in
binary systems with low-eccentricity orbits are encir-
cled, and in high-eccentricity orbits are marked with
ellipses. Stars show pulsars suspected to be connected
with supernova remnants, from Lorimer (2005).

The pulsars with a small magnetic field in the left lower
angle decrease their magnetic field during recycling
by accretion in a close binary. see Bisnovatyi-Kogan
(2006).
SGR are single neutron stars with periods 2÷ 8 sec-

onds They produce ”giant bursts”, when their luminos-
ity L in the peak increase 5 ÷ 6 orders of magnitude.
Having a slow rotation, and small rotational energy,
their observed average luminosity exceeds rotational
loss of energy more than 10 times, and orders of mag-
nitude during the giant outbursts.
It was suggested by Duncan and Thompson (1995),

that the source of energy is their huge magnetic field, 2
or 3 order of a magnitude larger, then the average field
in radiopulsars. Such objects were called magnetars.
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2. SGR, giant bursts, and short GRB

First two Soft Gamma Repeaters (SGR) had been
discovered by KONUS group in 1979. The first one,
FXP 0520 - 66, was discovered after the famous
giant 5 March 1979 burst (Mazets et al., 1979b,c;
Golenetskii et al., 1979), see also Mazets et al. (1982).
In another source B1900+14 only small recurrent
bursts had been observed (Mazets et al., 1979a). Now
these sources are known under names SGR 0520 -
66 and SGR 1900+14 respectively. The third SGR
1806-20 was identified as a repetitive source by Laros
et al. (1986a,b). The first detection of this source
as GRB070179 was reported by Mazets et al.(1981),
and it was indicated by Mazets et al. (1982), that
this source, having an unusually soft spectrum, can
belong to a separate class of repetitive GRB, similar
to FXP0520 - 66 and B1900+14. This suggestion was
completely confirmed. The forth known SRG1627-41,
showing giant burst, was discovered in 1998 almost
simultaneously by BATSE (Kouveliotou et al., 1998a),
and BeppoSAX (Feroci et al., 1998). The giant bursts
had been observed until now in 4 sources.

2.1. SGR0526-66

It was discovered due to a giant burst of 5 March
1979, projected to the edge of the SNR N49 in LMC,
and described by (Mazets et al. 1979b,c; Golenetskii
et al. 1979, Mazets et al. 1982). Accepting the
distance 55 kpc to LMC, the peak luminosity in the
region Eγ > 30 keV was Lp ≥ 3.6 × 1045 ergs/s, the
total energy release in the peak Qp ≥ 1.6 × 1044 ergs,
in the subsequent tail Qt = 3.6× 1044 ergs. The short
recurrent bursts have peak luminosities in this region
Lrec
p = 3 × 1041 − 3 × 1042 ergs/s, and energy release

Qrec = 5×1040 − 7×1042 ergs. The tail was observed
about 3 minutes and had regular pulsations with the
period P ≈ 8 s. There was not a chance to measure Ṗ
in this object.

2.2. SGR1900+14

Recurrent bursts from this source had been first
observed by Mazets et al. (1979a). Detailed obser-
vations of this source are described by Mazets et al.
(1999b,c), Kouveliotou et al. (1999), Woods et al.
(1999). The giant burst was observed 27 August,
1998. The source lies close to the less than 104 year
old SNR G42.8+0.6, situated at distance ∼ 10 kpc.
Pulsations had been observed in the giant burst,
as well as in the X-ray emission observed in this
source in quiescence by RXTE and ASCA. Ṗ was
measured, being strongly variable. Accepting the
distance 10 kpc, this source had in the region Eγ > 15

keV: Lp > 3.7 × 1044 ergs/s, Qp > 6.8 × 1043 ergs,
Qt = 5.2 × 1043 ergs, Lrec

p = 2 × 1040 − 4 × 1041

ergs/s, Qrec = 2 × 1039 − 6 × 1041 ergs, P = 5.16
s, Ṗ = 5 × 10−11 − 1.5 × 10−10 s/s. The X-ray
pulsar in the error box of this source was discovered
by Hurley et al. (1999b). This source was discovered
also in radio band, at frequency 111 MHz as a faint,
Lmax
r = 50 mJy, radiopulsar (Shitov, 1999), with

the same P and variable Ṗ , good corresponding to
X-ray and gamma-ray observations. The values of
P and average Ṗ correspond to the rate of a loss
of rotational energy Ėrot = 3.5 × 1034 ergs/s, and
magnetic field B = 8 × 1014 Gs. The age of the
pulsar estimated as τp = P/2Ṗ = 700 years is much
less than the estimated age of the close nearby SNR.
Note that the observed X-ray luminosity of this object
Lx = 2 × 1035 − 2 × 1036 ergs/s is much higher,
than rate of a loss of rotational energy, what means
that rotation cannot be a source of energy in these
objects. It was suggested that the main source of
energy comes from a magnetic field annihilation, and
such objects had been called as magnetars by Duncan
and Thompson (1992).

2.3. SGR1806-20

The giant burst from this source was observed in
December 27, 2004 (Palmer et al., 2005; Mazets et al.,
2005; Frederiks et al., 2007a). Recurrent bursts had
been studied by Kouveliotou et al. (1998b), Hurley
et al. (1999a). Connection with the Galactic radio
SNR G10.0-03 was found. The source has a small but
significant displacement from that of the non-thermal
core of this SNR. The distance to SNR is estimated as
14.5 kpc. The X-ray source observed by ASCA and
RXTE in this object shows regular pulsations with a
period P = 7.47 s, and average Ṗ = 8.3×10−11 s/s. As
in the previous case, it leads to the pulsar age τp ∼ 1500
years, much smaller that the age of SNR, estimated
by 104 years. These values of P and Ṗ correspond
to B = 8 × 1014 Gs. Ṗ is not constant, uniform set
of observations by RXTE gave much smaller and less
definite value Ṗ = 2.8(1.4) × 10−11 s/s, the value in
brackets gives 1σ error. The peak luminosity in the
burst reaches Lrec

p ∼ 1041 ergs/s in the region 25-60
keV, the X-ray luminosity in 2-10 keV band is Lx ≈
2 × 1035 ergs/s is also much higher than the rate of
the loss of rotational energy (for average Ṗ ) Ėrot ≈
1033 ergs/s. The burst of December 27, 2004 in SGR
1806-20 was the greatest flare, ∼ 100 times brighter
than ever. It was detected by many satellites: Swift,
RHESSI, Konus-Wind, Coronas-F, Integral, HEND et
al.

Very strong luminosity of this outburst permitted
to observe the signal, reflected from the moon by the
HELICON instrument on the board of the satellite
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Coronas-F, what permitted to reconstruct a full light
curve of the outburst (Mazets et al., 2005; Frederiks
et al., 2007a).

2.4. SRG1627-41

Here the giant burst was observed 18 June 1998,
in addition to numerous soft recurrent bursts. Its
position coincides with the SNR G337.0-0.1, assuming
5.8 kpc distance. Some evidences was obtained for a
possible periodicity of 6.7 s, but giant burst did not
show any periodic signal (Mazets et al., 1999a), con-
trary to three other giant burst in SGR. The following
characteristics had been observed with a time resolu-
tion 2 ms at photon energy Eγ > 15 keV: Lp ∼ 8×1043
ergs/s, Qp ∼ 3 × 1042 ergs, no tail of the giant burst
had been observed. Lrec

p = 4× 1040 − 4× 1041 ergs/s,
Qrec = 1039 − 3× 1040 ergs. Periodicity in this source
is not certain.

2.5. SRG giant bursts in other galaxies

The similarity between giant bursts in SGR, and
short GRB was noticed by by Mazets et al. (1999c),
Bisnovatyi-Kogan (1999). The experiment KONUS-
WIND had observed two short GRB, interpreted as
giant bursts of SGR. The first one, GRB070201, was
observed in M31 (Andromeda), 1 February, 2007.
The energy of the burst is equal to 1 · E45 erg, in
consistence with giant bursts of other SGR Mazets et
al. (2008). The second short burst, GRB051103, was
observed in the galaxy M81, 3 November 2005. The
energy of the burst is equal to 7 ·E46 erg (Golenetskii
et al., 2005; Frederiks et al., 2007).

3. Estimations of the magnetic fields in
SGR/AXP

Despite the fact, that rotation energy losses are much
smaller than the observed luminosity, for estimation of
the magnetic field strength in these objects used the
same procedure as in radio pulsars, based on measure-
ments of P and Ṗ . The first measurements have been
done for SGR 1900 + 14, in different epochs by mea-
surements of satellites RXTE and ASCA (Kouveliotou
et al., 1999), presented in Figs.2-4.

The pulse shape is changing from one epoch to another,
inducing errors in finding derivative of the period. The
big jump in Ṗ , visible in Fig 4 looks out surprising. for
magnetic dipole losses, because it needs a considerable
jump in the magnetic field strength, prohibited by self
induction effects. Contrary, in the model of pulsar wind
rotational energy losses it looks quite reasonable, that
these losses strongly increase during the giant burst,
when the Ṗ jump was observed.

Figure 2: The epoch folded pulse profile of SGR 1900
+ 14 (2-20 keV) for the May 1998 RXTE observations,
from Kouveliotou et al. (1999).

Figure 3: The epoch folded pulse profile of SGR 1900
+ 14 (2-20 keV) for the August 28, 1998 RXTE obser-
vation. The plot is exhibiting two phase cycles, from
Kouveliotou et al. (1999).

4. Radiopulsars with very high magnetic
fields and slow rotation

Radio pulsars are rotating neutron stars that emit
beams of radio waves from regions above their magnetic
poles. Popular theories of the emission mechanism
require continuous electron-positron pair production,
with the potential responsible for accelerating the par-
ticles being inversely related to the spin period. Pair
production will stop when the potential drops below
a threshold, so the models predict that radio emission
will cease when the period exceeds a value that depends
on the magnetic field strength and configuration. It
was shown by Young et al. (1999a,b) that the pulsar
J2144-3933 has a period of 8.51s, which is by far the
longest of any known radio pulsar. Moreover, under the
usual model assumptions, based on the neutron-star
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Figure 4: The evolution of Period derivative ver-
sus time since the first period measurement of SGR
1900+14 with ASCA by Hurley et al. (1999a). The
time is given in Modified Julian Days (MJDs), from
Kouveliotou et al. (1999)

equations of state, this slowly rotating pulsar should
not be emitting a radio beam. Therefore either the
model assumptions are wrong, or current theories of
radio emission must be revised. The period 8.51 sec-
ond is characteristic for SGR/AXP objects, but this
pulsar does not show any violent behaviour, and be-
have like ordinary radio pulsar.

Soon after this discovery, several other radio pul-
sars were found, where also Ṗ , and therefore magnetic
field strength was measured (Manchester et al., 2001;
Camilo et al., 2000; McLaughlin et al., 2003; 2004).
These pulsars include:

1. PSR J1119 - 6127, P = 0.407 s,
Ṗ = 4.0 · 10−12 s/s, B = 4.1 · 1013 G;

2. PSR J1814 - 1744, P = 3.975 s,
Ṗ = 7.4 · 10−13 s/s, B = 5.5 · 1013 G;

It was noted by Camilo et al. (2000), that ”Both PSR
J1119 6127 and PSR J1814 1744 show apparently
normal radio emission in a regime of magnetic field
strength where some models predict that no emission
should occur. Also, PSR J1814 1744 has spin param-
eters similar to the anomalous X-ray pulsar (AXP) IE
2259 + 586, but shows no discernible X-ray emission.
If AXPs are isolated, high magnetic field neutron stars
( magnetars ), these results suggest that their unusual
attributes are unlikely to be merely a consequence of
their very high inferred magnetic fields.”

3. PSR J1847 - 0130, P=6.7 s, Ṗ = 1.3 · 10−12 s/s,
B=9.4 · 1013 G.

It was noted in the paper of McLaughlin et al. (2003),
with the title ”PSR J18470130: A RADIO PULSAR
WITH MAGNETAR SPIN CHARACTERISTICS”,
that ”The properties of this pulsar prove that inferred
dipolar magnetic field strength and period cannot alone
be responsible for the unusual high-energy properties

of the magnetars and create new challenges for under-
standing the possible relationship between these two
manifestations of young neutron stars.”

4. PSR J1718 - 37184, P= 3.4 s, B = 7.4 · 1013 G.

It was noted in the paper of McLaughlin et al.
(2004), that ”These fields are similar to those of
the anomalous X-ray pulsars (AXPs), which growing
evidence suggests are magnetars. The lack of AXP-like
X-ray emission from these radio pulsars (and the non-
detection of radio emission from the AXPs) creates
new challenges for understanding pulsar emission
physics and the relationship between these classes of
apparently young neutron stars.”

5. SGR/AXP with low magnetic fields and
moderate rotation

SGR/AXP J1550-5418 (1E 1547.0-5408) was visi-
ble in radio band, showing pulsations with a period
P = 2.069 s (Camilo et al., 2007). The pulsations
with the same period have been observed first only
in the soft X ray band by XMM-Newton (Halpern et
al., 2008). In the hard X ray region statistics of pho-
tons was not enough for detection of pulsations. In
the strong outbursts in 2008 October and in 2009 Jan-
uary and March, observed by Fermi gamma-ray burst
monitor, the period of 2.1s was clearly visible up to
the energy ∼ 110 keV (Kaneko et al., 2010). The
INTEGRAL detected pulsed soft gamma-rays from
SGR/AXP 1E1547.0-5408 during its Jan-2009 out-
burst, in the energy band 20 ÷ 150 keV, showing a
periodicity with P=2.1s (Kuiper et al., 2009). This
object is the only SGR/AXP with a relatively low pe-
riod, all previous has periods exceeding ∼ 4s.

A low-magnetic-field SGR0418+5729 was detected
by Fermi gamma-ray burst detector (Rea et al., 2010).
This soft gamma repeater with low magnetic field
SGR0418+5729 was recently detected after it emitted
bursts similar to those of magnetars. It was noted
by Rea et al. (2010) that ”X-ray observations show
that its dipolar magnetic field cannot be greater than
7.5 · 1012 Gauss, well in the range of ordinary radio
pulsars, implying that a high surface dipolar magnetic
field is not necessarily required for magnetar-like
activity”.

6. The Magnetar Model

In the paper of Duncan and Thompson (1992) was
claimed, that dynamo mechanism in the new born
rapidly rotating star may generate NS with a very
strong magnetic field 1014 ÷ 1015 G, called magnetars.
These magnetars could be responsible for cosmological
GRB, and may represent a plausible model for SGR.
In the subsequent paper (Duncan & Thompson, 1995)
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the connection between magnetars and SGR was devel-
oped in more details. The authors presented a model
for SGRs, and the energetic 1979 March 5 burst, based
on the existence of neutron stars with magnetic fields
much stronger than those of ordinary pulsars.
Subsequent observations of P and Ṗ in several SGR

(McGill, 2014), seems to support this model. However,
when the rotation energy losses are much less than ob-
served X-ray luminosity, B estimations using Ṗ are not
justified, because magnetic stellar wind could be the
main mechanism of angular momentum losses. The
jump in Ṗ observed in the giant burst of PSR1900+14
(Fig.4) is plausibly explained by a corresponding in-
crease of the magnetic stellar wind power, while the
jump in the dipole magnetic field strength is hardly
possible. The jumps in Ṗ , as well as in the pulse form
(Figs.2,3) have not been seen in the radio pulsars. In
the fall-back accretion model of SGR (Chatterjee et
al., 2000; Alpar, 2001; Trümper et al., 2010; 2013) the
estimations of the magnetic field using P and Ṗ give
the values characteristic for usual radiopulsars, when
there is a presence of a large scale magnetic field in the
fall back accretion disk (Bisnovatyi-Kogan & Ikhsanov,
2014).
When the energy density of the magnetic field is

much larger that that of matter, as expected in the
surface layers of the magnetar, the instability should
be suppressed by magnetic forces. The observations
of radio pulsars, showing no traces of bursts, with
magnetar magnetic fields and slow rotation (Section
), detection of SGR with a small rotational period
and low magnetic field, estimated from P and Ṗ
values similar to radio pulsars (Section ), gives a
strong indication that inferred dipolar magnetic field
strength and period cannot alone be responsible for
the unusual high-energy properties of SGR/AXP.
Therefore, another characteristic parameter should
be responsible for a violent behaviour of SGR/AXP.
The unusually low mass of the neutron star was sug-
gested by Bisnovatyi-Kogan (2012), Bisnovatyi-Kogan
and Ikhsanov (2014) as a parameter, distinguishing
SGR/AXP neuron stars from the majority of neutron
stars in radio pulsars and close X-ray binaries.

7. Angular momentum losses by a magne-
tized stellar wind

A magnetic stellar wind carries away the stellar an-
gular momentum J as (Weber & Davis, 1967)

J̇wind =
2

3
ṀΩr2A, (1)

here rA is Alfven radius, where the energy density of
the wind Ew is equal to the magnetic energy density
EB = B2/(8π). We consider the wind with a constant
outflowing velocity w, which energy density is Ew =

0.5ρw2. In a stationary wind with a mass loss rate Ṁ
the density is equal to

ρ =
Ṁ

4πwr2
. (2)

For the dipole stellar field we have B = µ/r3, where
µ = Bsr

3
∗ is the magnetic dipole moment of the star.

At the Alfven radius we have

ρA =
Ṁ

4πwr2A
, EwA =

Ṁw

8πr2A
, EBA =

µ2

8πr6A
. (3)

From the definition of the Alfven radius rA we obtain
its value as

EwA = EBA, r4A =
µ2

Ṁw
. (4)

The angular momentum of the star J = IΩ, and when
the wind losses (1) are the most important, we obtain
the value of stellar magnetic field as

B2
wind =

9

4

I2Ω̇2w

Ω2Ṁr6∗
. (5)

The angular momentum and energy losses by the dipole
radiation which are main losses in ordinary radiopul-
sars are written as (Pacini, 1967; Goldreich & Julian,
1969)

L =
B2

sΩ
4r6∗

c3
, Ė = IΩΩ̇ = L, J̇PRS =

L

Ω
. (6)

We obtain from (6) the magnetic field if the dipole
radiation losses are the most important

B2
PSR =

3Ic3Ω̇

2Ω3r6∗
. (7)

The ratio of these two values is written as

B2
PSR

B2
wind

=
2c3Ṁ

3IΩΩ̇w
=

4

3

Ṁw2/2

IΩΩ̇

( c
w

)3
=

4

3

Fwind

Ėrot

( c
w

)3
.

(8)
Here Fwind is the the energy flux carried away by the
wind, and Ėrot is rate of the loss of rotational en-
ergy. For estimation of the energy flux carried away
by the wind could be used the average X and γ-ray
luminosity of SGR/AXP Lxγ , and the wind velocity
is of the order of the free fall velocity of the neutron
star. For low mass neutron star M ≤ 0.8M⊙ we have

vff =
√

2GM
r∗
≈ (c/3) at M = 0.6M⊙, r∗ = 15km, and

B2
PSR

B2
wind

= 36
Lxγ

Ėrot

. (9)

Using data from McGill (2014) and (9) we obtain for
the magnetic fields of SGR 0526-66, SGR 1806-20,
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SGR 1900+14 the values 1013, 1.7 · 1014, 6 · 1013 Gs
respectively. While the mechanical loss of the energy
could exceed Lxγ , these values of the magnetic field
are suppose to be the upper limit if the magnetic field
of these SGR, see Bisnovatyi-Kogan (2017).

8. Model of nuclear explosion

It was shown by Bisnovatyi-Kogan and Chechetkin
(1974), that in the neutron star crust full ther-
modynamic equilibrium is not reached, and a non-
equilibrium layer is formed there during a neutron star
cooling, see also Bisnovatyi-Kogan (2001).

Figure 5: The formation of chemical composition at the
stage of limiting equilibrium. The thick line Qn = 0
defines the boundary of the region of existence of nu-
clei, the line Qnb separates region I, where photo-
disintegration of neutrons is impossible from regions
II and III. The dashed lines indicate a level of con-
stant εβ = Qp − Qn; εβ1 < εβ2 < ... < εβmax. In
region I we have Qn > Qnb; in region II we have
Qn < Qnb, εfe < εβ ; and in region III we have
Qn < Qnb, εfe > εβ . The line with the attached
shading indicates a region of fission and α-decay. The
shaded region abcd determines the boundaries for the
values of (A,Z) with a limited equilibrium situation,
at given values of Qnb(T ) and εfe(ρ), from Bisnovatyi-
Kogan and Chechetkin (1974).

The non-equilibrium layer is formed in the region of
densities and pressure ρ2 < ρ < ρ1, P1 < P < P2, with

ρ1 ≃ µe10
6

(
8

0.511

)3

≃ 3.8 · 109µe g/cm3

≃ 1.5 · 1010 g/cm3

ρ2 ≃ µe10
6

(
33

0.511

)3

≃ 2.7 · 1011µe g/cm3

≃ 1012 g/cm3

P1 = 7.1·1027 in cgs units, P2 = 2.1·1030 in cgs units.

The mass of the non-equilibrium layer is defined as
(Bisnovatyi-Kogan & Chechetkin, 1974)

Mnl =
4πR4

GM
(P2 − P1) ≃ 0.1(P2 − P1) ≃ 2 · 1029 g

≃ 10−4M⊙,

and the energy stored in this non-equilibrium layer is
estimated as

Enl ≃ 4 · 1017(P2 − P1) ≈ 1048 erg

Here a neutron star of a large (∼ 2M⊙) was considered,
where the nonequilibrium layer is relatively thin, and
its mass, and the energy store are estimated in the
approximation of a flat layer. The nuclei in the non-
equilibrium layer are overabundant with neutrons, so
the number of nucleons per one electron is taken as
µe ≃ 4, and the energy release in the nuclear reaction
of fission is about 5·10−3 c2 erg/g. Soon after discovery
of gamma ray bursts the model of nuclear explosion
was suggested (Bisnovatyi-Kogan et al., 1975), in which
the non-equilibrium layer matter is brought to lower
densities during a starquake. At the beginning GRB
have been considered as objects inside the Galaxy, and
the outburst was connected with period jumps in the
neutron star rotation similar to those observed in the
Crab nebula pulsar. It was suggested that: ”Ejection
of matter from the neutron stars may be related to
the observed jumps of periods of pulsars. From the
observed gain of kinetic energy of the filaments of the
Crab Nebula (∼ 2 · 1041 erg) the mass of the ejected
material may be estimated as (∼ 1021 g). This leads to
energies of the γ-ray bursts of the order of 1038 − 1039

erg, which agrees fully with observations at the mean
distance up to the sources 0.25 kpc”. A more detailed
model of the strong 5 March 1979 burst, now classified
as SGR 0526-66 in LMC, was considered by Bisnovatyi-
Kogan and Chechetkin (1981). It was identified with
an explosion on the NS inside the galactic disk, at a
distance∼ 100 ps. The schematic picture of the nuclear
explosion of the matter from the non-equilibrium layer
is presented in Fig.6.

Figure 6: The schematic picture of non-equilibrium
layer in the neutron star: a) in a quiescent stage; b)
after starquake and nuclear explosion, from Bisnovatyi-
Kogan (1992).
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Cosmological origin of GRB, and identification of
a group of non-stationary sources inside Galaxy as
SGR/AXP lead to considerable revision of the older
model, presented by Bisnovatyi-Kogan et al. (1975). It
becomes clear that SGR represent a very rare and very
special type of objects, which produce bursts much
more powerful, than it was thought before from com-
parison with quakes in Crab nebula pulsar. Besides,
the SGR are the only sources for which the nuclear ex-
plosions could be applied, because the energy release in
the cosmological GRB highly exceed the energy store
in the non-equilibrium layer.
It was suggested by Bisnovatyi-Kogan (2012, 2015),

Bisnovatyi-Kogan and Ikhsanov (2014), that the prop-
erty, making the SGR neutron star so different from
much more numerous of them in radio pulsars, sin-
gle and binary X ray sources, is connected with the
value of their mass, but not the magnetic field strength,
see Camilo (2000), McLaughlin (2003), and Section
. Namely, it was suggested that the neutron stars in
SRG/AXP have anomalously low mass, (0.4÷0.8)M⊙,
compared to the well measured masses in binary sys-
tems of two neutron stars, where neutron stars have
masses ≥ 1.23M⊙ (Ferdman et al., 2014). The violent
behaviour of the low-mass NS may be connected with
much thicker and more massive non-equilibrium layer,
and accretion from the fall-back highly magnetized ac-
cretion disk could trigger the instability, leading to
outbursts explosions (Bisnovatyi-Kogan & Ikhsanov,
2014). The NS radius is increasing with mass rather
slowly, and in a flat approximation the mass of non-
equilibrium layer is inversely proportional to the mass.
In Sect. the calculated mass of the non-equilibrium
layer Mnl ≈ 10−4M⊙ was belonged to the neutron
star with the mass ∼ 2M⊙ (see Bethe & Johnson,
1975; Malone et al., 1975). It follows from calculations
of neutron star models that for Mns = 0.45M⊙ the
mass of the non-equilibrium layer is ∼ 7 times larger
(Bisnovatyi-Kogan & Ikhsanov, 2014). The energy
store reaches ∼ 1049 erg, what is enough for ∼ 1000
giant bursts.
The observational evidences for existence of neutron

stars with masses, less than the Chandrasekhar
white dwarf mass limit have been obtained by
Janssen et al. (2008). Observations of the binary
pulsar system J1518-4904 indicated the masses of
the components to be mp = 0.72(+0.51,−0.58M⊙),
me = 2.00(+0.58,−0.51)M⊙ with a 95.4% probability.
It was suggested by Bisnovatyi-Kogan and Ikhsanov
(2014) that low mass neutron stars could be formed
in the scenario of the off-center explosion (Branch
& Nomoto, 1986), but more detailed numerical
investigation is needed to prove it. X-ray radiation
of SGR/AXP in quiescent states was explained as
a fall back accretion from the disk with a large
scale poloidal magnetic field, what could also be
a trigger for development of instability, leading to

the mixing in the neutron star envelope, and nuclear
explosion of the matter from the non-equilibrium layer.

9. Conclusions

1. SGR are highly active, slowly rotating neutron
stars.
2. Nonequilibrium layer (NL) is formed in the neu-

tron star crust, during NS cooling, or during accretion
onto it. It may be important for NS cooling, glitches,
and explosions connected with SGR.
3. The mass and the energy store in NL increase

rapidly with decreasing of NS mass.
4. The properties of pulsar with high magnetic fields

prove that inferred dipolar magnetic field strength and
period cannot alone be responsible for the unusual
high-energy properties of SGR/AXP. The NL in low
mass NS may be responsible for bursts and explosions
in them.
5. The upper boundary of the magnetic fields in 3

most famous SGR, measured by the average Lxγ lumi-
nosity is about one order of magnitude lower than the
values obtained using the pulsar-like energy losses of
the rotational energy of the neutron star.
6. Magnetar model of SGR, in which the energy

of the observed bursts is provided by magnetic field
annihilation, seems to be not relevant. Observations of
quiet radiopulsars with a ”magnetar” magnetic field,
and of a low-field ”magnetar”, is the most important
indication to that conclusion. A rapid growth of
rotational periods, what is a favorite argument for a
”magnetar” origin, is naturally explained by action of
the magnetic stellar wind. Besides, the high pressure
of the magnetic field suppresses convection, which is
needed in all annihilation models.
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ABSTRACT. Numerical simulations of the cold
supersonic flows in different astrophysical problems
meets with the loss of precision difficulty. For to
overcome the difficulty it was suggested earlier to
use conservation entropy equation instead of energy
conservation law. In the paper we analyse quanti-
tatively the error what appears in the shocked flow
when isoentropic equations are used. The isentropic
equations of gas dynamics can be used only when
there are no shocks in the solution or when they are
weak and do not significantly affect the flow. The
results described here were represented as a talk
at the 16-th Gamow Summer School: ”Astronomy
and beyond: Astrophysics, Cosmology, Cosmomicro-
physics, Astroparticle Physics, Radioastronomy and
Astrobiology” 14-20 August, 2016, Odessa, Ukraine.
The complete paper is published in Bisnovatyi-Kogan
& Moiseenko, 2016.

Keywords: Shock waves, Numerical hydrodynam-
ics.

1. Introduction

In numerical simulations of astrophysical problems,
instead of the energy equation, sometimes the equation
for the density of entropy is used, which is assumed to
be conserved throughout the flow, including at discon-
tinuities in the form of shock waves. As a rule, this
approach is used for modelling of cold supersonic gas
flows. In these flows the internal energy density of
the gas is considerably lower than the kinetic energy
density. Large numerical errors can appear in tem-
perature (pressure) calculations for flows of such kind.
This approach is mostly used in astrophysics, where
crude, approximate numerical results may be accept-
able when there is large scatter in the observational
data and in their interpretation. Qualitatively such nu-
merical approach was probably discussed for the first
time in the paper by Ryu et al. (1993). Although the
use of such isentropic schemes has continued (see for

example B[2,3], the errors in the law of energy conser-
vation due to the application of entropy conservation
at strong discontinuities have not been analysed. Ev-
idently, an isentropic jump requires removal of energy
from the post-shock gas, since the entropy of the gas in
a real jump (shock wave) increases, and heat extraction
is needed to conserve it. If S1 and S2 are the entropies
of the gas ahead of and after the jump, then S2 = S1

for an isentropic shock and S2 > S1 for a Hugoniot adi-
abat. According to the second law of thermodynamics,
in order to reduce the entropy to S1 after the jump, it
is necessary to lose an amount of heat (i.e., reduce the
energy by ∆Q = T̄ · (S2 − S1), where T̄ is the average
temperature over the thickness of the shock.
In this paper we consider the conditions at an

”isentropic” discontinuity for power law equations of
state of the form P = K(S)ργ and make a quantitative
estimate of the numerical errors in the conservation of
energy.

2. Conditions at discontinuities: the Hugo-
niot adiabat and an ”isentropic” discontinuity

2.1. Hugoniot adiabat

The conditions at a plane discontinuity in the Hugo-
niot adiabat are reduced to the conservation of mass,
momentum, and energy, which for a discontinuity ref-
erence frame have the form (Loytsansky, 1987):

ρ1v1 = ρ2v2, (1)

P1 + ρ1v
2
1 = P2 + ρ2v

2
2 , (2)

E1 +
P1

ρ1
+
v21
2

= E2 +
P2

ρ2
+
v22
2
. (3)

Equation of state: P = K(S)ργ . Expression for the
internal energy:

E =
1

γ − 1

P

ρ
=
K(S)

γ − 1
ργ−1. (4)

Here v is the velocity, ρ is the density, P is the pres-
sure, T is the temperature, γ is the adiabatic index, E
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is the internal energy, and S is the entropy. A subscript
”1” indicates a quantity ahead of the front and ”2” be-
hind the front. Equations (1- 3) yield an equation for
the Hugoniot adiabat (Loitsyanskii, 1987), which re-
lates the density and pressure ahead of and after the
jump:

P2

P1
=

(γ + 1)ρ2 − (γ − 1)ρ1
(γ + 1)ρ1 − (γ − 1)ρ2

, (5)

as well as the relationship of other parameters before
and after the jump:

v1 − v2 =

√
2(P2 − P1)

√
ρ ((γ − 1)P1 + (γ + 1)P2)

1/2
(6)

Introducing the Mach number of the shock wave
M1 = v1

c1
we obtain (Landay& Lifshitz, 1988 ):

ρ2
ρ1

=
v1
v2

=
(γ + 1)M2

1

(γ − 1)M2
1 + 2

, (7)

P2

P1
=

2γ

γ − 1
M2

1 −
γ − 1

γ + 1
, (8)

T2
T1

= 1 +
2(γ − 1)

(γ + 1)2M2
1

(M2
1 − 1)(1 + γM2

1 ), (9)

M2
2 =

2 + (γ − 1)M2
1

2γM2
1 − (γ − 1)

. (10)

2.1. ”Isenropic” disontinuity

For an ”isentropic” discontinuity, the energy equa-
tion (3) is replaced by an equation for the conservation
of entropy, which for an ideal gas with the equation
of state P = ρℜT and an adiabatic index γ, takes the
form

S =
ℜ

γ − 1
ln

(
P

ργ

)
+ C1. (11)

Since the gas constant ℜ and C1 are assumed to be the
same before and after the discontinuity, the conserva-
tion of entropy can be written in the form

P1

ργ1
=
P2

ργ2
. (12)

From equations (1) and (2) excluding v2 we get

P1 + ρ1v
2
1 = P2 +

ρ21
ρ2
v21 . (13)

Defining sound speed as c =
√
γ P

ρ , we get

1

γ
c21 + v21 =

P2

P1

c21
γ

+
ρ1
ρ2
v21 . (14)
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R
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Figure 1: The ratio of the post- and pre-discontinuity
densities ρ2 and ρ1 as a function of the Mach number
M1 ahead of a discontinuity (the Mach number of the
shock). The smooth curve is for an adiabatic shock
wave and the dashed curve, for an ”isentropic” discon-
tinuity.

Using (12) and define the post-shock Mach number as
M2 = v2

c2
, we obtain

1

γ
c21 + v21 =

(
ρ2
ρ1

)γ
c21
γ

+
ρ1
ρ2
v21 , (15)

M2
1 +

1

γ
=

(
ρ2
ρ1

)γ
1

γ
+
ρ1
ρ2
M2

1 . (16)

Using the notation x = ρ2

ρ1
we obtain

M2
1 =

xγ − 1

γ

x

x− 1
; (17)

P2

P1
= xγ ;

T2
T1

= xγ−1;
v2
v1

=
1

x
;
c2
c1

= x
γ−1
2 . (18)

The post-shock Mach number can be written in the
following form

M2
2 = v22

ρ2
γP2

=
v21
γx2

xρ1
P1

P1

P2
=
v21
γx

ρ1
P1

1

xγ
=

M2
1

xγ+1

(19)
The plots for the following values x =
ρ2

ρ1
(M1) ,

P2

P1
(M1) ,

T2

T1
(M1) , and v2

v1
(M1) are at

the Figures (1-4) for a Hugoniot adiabat and for an
”isentropic” jump for the adiabatic index γ = 5/3.
The total energies before and after the jump, includ-

ing the work of pressure forces, are given by

ε1 = E1 +
P1

ρ1
+
v21
2

=
γ

γ − 1

P1

ρ1
+
v1
2

=

c1
γ − 1

+
v21
2

= c21

(
M2

1

2
+

1

γ − 1

)
, (20)
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Figure 2: The ratio of the post- and pre-discontinuity
pressures P2 and P1 as a function of the Mach number
M1 ahead of a discontinuity (the Mach number of the
shock). The smooth curve is for an adiabatic shock
wave and the dashed curve, for an ”isentropic” discon-
tinuity.

ε2 = E2 +
P2

ρ2
+
v22
2

= c22

(
M2

2

2
+

1

γ − 1

)
. (21)

For M1 ≫ 1 we have

M2
1 =

xγ

γ
, M2

2 =
1

γx
. (22)

The relative change in the total energy at an ”isen-
tropic” jump is

ε2 − ε1
ε1

=

γ
γ−1

P2

ρ2
+

v2
2

2

γ
γ−1

P1

ρ1
+

v2
1

2

− 1. (23)

Taking into account (18) we obtain

ε2 − ε1
ε1

=

1
γ−1

(
xγ−1 − 1

)
+

M2
1

2

(
1
x2 − 1

)
1

γ−1 + M1

2

. (24)

Here x is an implicit function of M1 determined
by (17). Figure 5 is a plot of the relative change
in the total energy for a gas passing through an
”isentropic” jump as a function of the Mach number
of the upstream flow. These plots show that as the
amplitude of a strong discontinuity (jump) increases,
the parameters behind it are significantly different for
the adiabatic and ”isentropic” cases. Thus, for an
”isentropic” jump the density behind the jump can
increase infinitely for M1 →∞ , while for an adiabatic
shock the density behind it can increase only by a
factor of γ+1

γ−1 . The velocity of the gas passing through
an ”isentropic” jump tends to zero with increasing
M1, while in the adiabatic case it falls only by a factor
of γ−1

γ+1 for M1 →∞.
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Figure 3: The ratio of the post- and pre-discontinuity
temperatures T2 and T1 as a function of the Mach num-
ber M1 ahead of a discontinuity (the Mach number of
the shock). The smooth curve is for an adiabatic shock
wave and the dashed curve, for an ”isentropic” discon-
tinuity.

3. On the possibility of using the isentropic
equations for numerical modelling

Using the ”isentropic” equations for modelling gas
flows can lead to substantial errors when shock waves
are present. The size of the errors increases with in-
creasing shock intensity.
In numerical simulations of supernova explosions

(see e.g. Moiseenoo et al., 2015), the shock Mach
number is ∼30. With this shock amplitude, numerical
modelling of a supernova with the isentropic equations
would lead to errors of an order of magnitude in the
post-shock parameters.
An isentropic system of gas dynamic equations has

been used in a numerical simulation of the dynamics
of supernova bubbles (Bychkov et al., 2006). The su-
pernova shock wave, however, has a large amplitude
(the Mach number of the shock wave from the super-
nova can reach tens) and substantially determines the
structure of the flow after the shock front.
In the monograph by BIsikalo et al. (2013) devoted

to the simulations of close binary systems authors note
that gas flows appear for which the total energy density
of the gas is mainly determined by the kinetic energy
density. In this situation, when conservation of the
total energy is used, large numerical errors may arise
in calculating the temperature of the flow. The ”isen-
tropic” equations can be used for modelling this kind of
flow if shock waves do not appear or have small ampli-
tudes. The calculations show that shock waves do de-
velop in simulations of close binary systems (i.e., a ”hot
line”, ”hot point”), where the Mach number of the up-
stream flow can be ¿4) and substantially determine the
flow structure; using the ”isentropic” equations may in-
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Figure 4: The ratio of the post- and pre-discontinuity
velocities v2 and v1 as a function of the Mach number
M1 ahead of a discontinuity (the Mach number of the
shock). The smooth curve is for an adiabatic shock
wave and the dashed curve, for an ”isentropic” discon-
tinuity.

troduce substantial numerical errors in calculations of
post-shock gas flow.

In order to overcome the difficulties in calculating
cold supersonic flows, it was proposed by Ryu et al.
(1993) that simultaneous calculations be done using
the conservation equation for the total energy and the
entropy equation. In the part of the flow where there
were no shocks, the entropy equation was used. Where
shock waves developed, the energy equation was used.
A number of criteria were introduced for determining
which of these equations should be used in solving the
general system of gas dynamic equations. The intro-
duction of a ”double energy formalism” has been pro-
posed (Bryan et al., 1995), where the entropy calcula-
tions include a calculation of the time variation in the
internal energy as well as in the total energy. In the
case of a highly supersonic flow, the pressure and tem-
perature of the gas were calculated using the internal
energy equation; otherwise, the equation for the total
energy balance was used.

When irregular, moveable grids with a variable
structure are used (Springel, 2010), models of cold
and rapid flows using the total energy balance equa-
tion may lead to numerical errors in calculating the
temperature, since even small errors in calculating the
total energy (associated, for example, with the grid
reconstruction and remapping of the parameters) can
lead to substantial errors in calculating the internal
energy. It was suggested in (Springel, 2010) that the
amplitude of the developing shock waves be estimated.
When the shock Mach number does not exceed ∼1.1, it
is suggested that the entropy balance equation be used.
Another approach proposed in the same paper assumes
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Figure 5: The relative change in the total energy for
gas passing through an ”isentropic” jump as a function
of Mach number M1 of the incident flow (the Mach
number of the shock wave).

a comparison of the internal energy of a cell with its
kinetic energy at each step. In calculations of flows
with gravitation, the criterion for choosing the energy
or entropy equation might be to compare the force
created by the gas flow with the acceleration of gravity.
If the internal energy of the gas is low compared to the
gravitational energy, then the entropy equation is used.
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ABSTRACT. Magnetodynamics of inhomogeneous 
crusty nuclear matter is considered accounting for quan-
tum fluctuations and ferromagnetic coupling. We show 
that anomalies in nuclide magnetic moments give rise to 
erratic jumps in magnetotransport of neutron star crusts. 
Universal properties of such a noise are favorably com-
pared with statistical and temporal features of Soft 
Gamma Repeating bursts. 

Keywords: Soft gamma repeaters. – neutron stars: mag-
netic field.  
 

1. Introduction 
 
The pioneering evidence for ultramagnetized astro-

physical objects (“magnetars”) is associated with the dis-
covery Mazets et.al (1979) of March 5, 1979 event from 
SGR 0526-66. The magnetar concept (e.g., Kondratyev, 
2002; Svinkin et al., 2015) and refs. therein) is strongly 
corroborated by further observations of soft gamma re-
peaters (SGRs) and anomalous X-ray pulsars (AXPs). The 
observed SGR properties indicate  (Kondratyev, 2002; 
Svinkin et al., 2015) significant higher multipole magnetic 
fields being substantially larger than the corresponding 
dipole component Bdip ~ 1015 G. Assuming a noticeable 
contribution of magnetic pressure in a balance of crust 
forces in neutron star (NS) we write 

dBn
2/dR ~ 8 GM n(R)/R2 ,  (1) 

where the gravitational constant G, and the star mass 
M(R) within radius R is related to the matter density n(R) 
as 4R2 n(R) = dM/dR. Substituting this relation into 
Eq. (1) and integrating over NS crust area, we obtain for 
the field strength B~101.5TeraTesla (M/Mo)(10km/R)2  

,with the solar mass Mo. Thus field torroidal components 
can reach tens teratesla (TT) that is consistent with 
estimates (Kondratyev, 2014) based on the supernova 
explosion energy. Such fields (ie, in excess of 0.1 TT) can 
affect the structure and properties of atomic nuclei (see. 
(Kondratyev, 2002; 2014) and refs. therein), In this 
contribution the randomly jumping interacting moments 
(RJIM) model (Kondratyev, 2002) is further extended for 
an analysis of SGR burts. 

 

2. Modeling NS Crust Magnetodynamics  
 
The RJIM model for magnetodynamics simulations in 

NS crust has already been described in(Kondratyev 2002) 
and refs. therein. We briefly remind that in simulations of 
demagnetization dynamics we use a very general form  for 
magnetic moments m of atomic nuclei 

( )n nn
m b b    = Ig with the nucleon magneton 

, spin I and nuclear g-factor g, as well as step function 
( )x  depending on a local magnetic field b. Atomic 

nuclei occupied a volume VD contribute to the 
magnetization / DP m V . Taking g = 3 for nuclear 
component of magnetic induction we get 

P = 1.5 ТG In /(1013 g/cm3),  (2) 

In a case of comparable sizes for nucleus and occupied 
volume VD (i.e., n ~ 1013,5 g/cm3) internuclear interaction 
is ferromagnetic (Kondratyev&Lutz, 1999; Kondratyev, 
2002). Taking for magnetic coupling strength between 
nearest-neighbor (nn) elements the value J total 
Hamiltonian H for atomic nuclei array in a field H can be 
expressed as follows:  

i ii
m b      (3) 

through an interaction of magnetic moment mi  with a local 

field 
( )i j ij nn

b H t J P h


   .
 
Here the sum runs over nn 

elements and random fields hi with Gaussian distribution 
with a width R, called the disorder (Kondratyev, 1994; 
2002), which allow to take into account the 
inhomogeneity, disorder and fluctuations.  
 

3. RJIM model Implications in SGR-Burst Activity  
 
Let us consider adiabatically changing in time crust 

magnetic field H. When the local field value bi of a certain 
NS crust domain becomes less than certain value bi 
magnetization is changing stepwise. Due to the ferromag-
netic interaction moment hopping may be triggered for the 
nearest neighbors, which in turn may cause some 
discontinuity point for their neighbors, and so forth, 
producing, thereby, avalanches. The linear speed cm of the 
avalanche propagation is determined by the ratio of a 
lattice constant a ~20 fm and the relaxation time 
tN ~ 10

220.5
 s   for nuclear 
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Figure 1: Normalized cumulative energy distributions of SGR-
bursts are compared with the results of RJIM for the cubic lattice 
of a size (150)3 represented by the solid line. The data of the 
RXTE and BATSE observations for SGR 1900+14 from (Gogus 
et al., 1999) are shown by squares and circles, respectively. 
RXTE (diamonds), BATSE (up-triangles), and ICE (down-
triangles) data for SGR 1806-20 are from (Gogus et al., 2000). 
The dashed line denotes the power law distribution. 
 
re-configuration associated with magnetic response, 
cm ~ a/tN ~ 10

8
 cm/s (for more details see [3]). Then for 

outer crusts of a linear size, lcrust ~ 100 m, an estimate of 
the avalanche spanning time, tav ~ lcrust / cm ~ 0.1 ms, is 
consistent with the rising time for giant flares of SGR 
(Mazets et.al 1979, Kondratyev 2002, Svinkin et.al 2015). 
The field H(t) remains almost constant on the time scale 
tav , while the magnetization reduces sharply on a value 
proportional to the avalanche size. The corresponding 
excess of magnetic energy is released in the magneto-
sphere and estimated as 

E = H P Va = 1041  Ergs  (4) 
                 (H/ТТ) (I n/ 1013 g/cm3) (Va/106 m3 ).   

For a field strength H ~ 3TT, typical magnitar crust 
density n ~ 1013,5 g/cm3, and avalanche linear size of order 
of outer NS crust thickness, 100 m (i.e., Va about 106 m3 ) 
the amount of energy obtained from Eq. (3) is consistent 
with an energy of soft gamma-ray bursts.  

Since the velocity of magnetoplasma waves (i.e., 
Alfvén waves) is close to the speed of light c, the linear 
size of the strongly excited magnetosphere region exceeds 
the value Rex ~ lcrust c/cm ~ 10 km , comparable to NS 
radius. Subsequent development and cooling of photon-
electron-positron plasma via gamma-ray emission from 
this region generates a short-duration (~ 100 ms) SGR-
burst event with rising and decaying fronts of light curve 
~ 10 ms (Kondratyev 2002). Figure 1 represents the 
cumulative distributions of detected burst energy, i.e. the 
burst number with an energy exceeding certain value. We 
assume nearly isotropic emission accountimg for a source 
remoteness.  The RJIM results are in a good agreement 
with observations for 7 periods of energy. The obtained 
event number dependence is well fitted by the power law 
with an exponent 0.67, which corresponds to the value 
1.67 for the differential distribution and provides a signal 
of self-organized criticality in the burst statistics. 

For a constant change rate B  of the magnetic field the 
inter-avalanche field interval is proportional to the time 
interval  (i.e. waiting  time)  between  the  induced  bursts. 

 
Figure 2: The reduced waiting time distribution between the 
successive RXTE/PCA bursts from SGR 1900+14 (squares) 
(Gogus et al., 1999) and SGR 1806-20 (diamonds) (Gogus et al., 
2000) are compared with the waiting time distribution between 
avalanches (solid curve). The dashed line represents the fit to the 
lognormal distribution of the width 3.6.  

 
Taking the respective normalized values, i.e. inter-burst 
time and inter-avalanche field, we compare the theoretical 
predictions with observations in Fig. 2. As seen in Fig. 2 
for different SGRs the waiting time distributions as a 
function of the reduced time obey universal function. The 
data are well reproduced by simulations and fitted at a 
maximum by the lognormal function. Such a property 
points out the single time scale for SGR-burst triggering 
processes. Within RJIM model such a time-scale is 
determined by the ratio of the disorder parameter R and 
the field change rate /R B   . Therefore, the scaling 
with respective time leads to an universal function.  

4. Conclusion 

We considered magnetodynamics of inhomogeneous 
nuclear matter relevant for neutron star crusts. Accounting 
for inter-nuclide magnetic coupling, we show that 
quantum fluctuations in nuclear magnetic reactivity give 
rise to erratic jumps in magnetotransport of neutron star 
crusts. The resulting sharp energy releases lead to gamma-
ray bursts. The properties of such a noise are favorably 
compared with burst statistics of Soft Gamma Repeaters.  
As is shown the predicted by RJIM model scaling 
properties for, e.g., the burst intensity and waiting time 
distributions, are in a good agreement with SGR 
observations supporting thereby the credibility of RJIM 
model.   Acknowledgements. This work is supported in part by 
Integral scientific data center, the Swiss National Science 
Foundation (SCOPES project No. IZ73Z0152485) and the 
Alexander von Humboldt Foundation.  
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 1. Introduction 
 
Major nucleosynthetic contributions to nuclide 

enrichment during galactic chemical evolution, plausibly, 
come from synthesis of heavy atomic nuclei in Supernovae 
(SNe) (Woosley, Heger & Weaver, 2002). 
Magnetorotational instabilities (MRI) and/or dynamo action 
represent perhaps main respective explosion mechanism. 
Then for magnetic field geometry one gets, see Fig. 1. 
Maximum field intensity at distances smaller than a radius 
r0 from a center of the vortex dynamo process can be taken 
as a constant H0. Strong magnetization of the MRI central 
region stabilizes magnetic fluxes Ф0 also for field decaying 
components. Respectively, in conditions of a constant flux 
at radius r > r0 the dependence of strength H on distance r 
can be represented as H = Ф0/r2. Comparable values for 
magnetic pressure gradients and gravitational force, i.e., 
dH2(r)/dr = 4H0

2/b2ra ~ 8 GM n(R)/R2, determine the 
radius ra relative to the MRI center corresponding to mate-
rial irruption. Here the gravitational constant G, the star 
mass M inside the bifurcation radius R is related to the 
matter density n(R) as 4R2 n(R) = -dM/dR. Additional 
constraints on MRI parameters are given by shock wave 
energy Es, see (Kondratyev & Korovina, 2015), 
H0

2r0
2 ~ 8 Es / [L(2-b-1)], where L is total length of MRI 

areas, b=(ra/r0)2. For typical SN Type II values R ~ 30 km, 
Es ~ 1051.5 ergs at H0 ~ 3 TT one obtains r0 ~ 10-0.5 km and  
b ~ 10. Nuclides produced at such fields (i.e., larger than 
0.1 TT) contain an information on matter structure and 
explosion mechanisms (see Kondratyev et al., 2004; 2014; 
and refs. therein). In this contribution we analyze MRI 
effect in nuclide production and galactic chemical evolu-
tion. 

2. MRI explosive nucleosynthesis 
 
Abundances of iron group and nearby nuclides are 

described very successfully within nuclear statistical 
equilibrium (NSE) approach for over half a century 
(Woosley, Heger & Weaver, 2002). At such conditions 
nuclide abundance is determined mainly by the binding 
energy of corresponding atomic nuclei. The magnetic 
effects in the NSE were considered by Kondratyev (2014 
and refs. Therein). Recall that at temperatures ( 9.510T   
K) and field strengths ( H  0.1 TT), the magnetic field 
dependence of relative output value ( ) / (0)y Y H Y  is 
determined by a change in the binding energy of nuclei in 
a field and can be written in the following form  

 exp /y B kT  . (1) 
We consider examples of 56Ni and 44Ti. Such a choice 

of symmetric nuclei, double magic and anti-magic for 
vanishing magnetization, gives a clear picture of magnetic 
effects in the formation of chemical elements and 
fundamental conclusions about transmutation and 
synthesis of nuclei in ultramagnetized plasma. 

The binding energy B  can be written as 
B = BLDM + Cn + Cp, where shell corrections Ci for protons 
and neutrons, and the component BLDM is calculated in 
semiclassical liquid drop model and varies only slightly in 
the magnetic field, according to the Bohr-van Leuven 
theorem, see (Kondratyev, 2014). 

  
Figure 1: Schematic view of magnetic field geometry for 
MR grain in Supernova.  
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Spin magnetization of Pauli type dominates for the neu-
tron magnetic reactivity. Interaction of a field and the spin-
magnetic moment corresponding to a spin projection  nm  
on a field vector gives rise to a linear shift of energy levels 

n n Lm g   , where L NH   with nucleon magne-

ton N , and  ng – neutron g – factor. Accordingly, the 
shell energy in a field H is modified as follows    

 Cn(H) = Cn
+ (EF + ) + Cn

- (EF - ) , (2) 

where the indices + and – indicate a sign of the projection 
of spin magnetic moment on field direction. The proton 
magnetic response is represented by a superposition of the 
field interaction with spin and orbital magnetic moments 
and exceeds the neutron component for an open shell.  

As is demonstrated by Kondratyev & Korovina (2015) 
at field strengths H < 10 TT, the binding energy shows 
nearly linear H dependence for considered nuclei 
B = B0 + кi H [MeV] with magnetic susceptibility 
parameters  кi depending on a nucleus A

Nnucleus Z . 
For 44Ti the value of this parameter is positive 
кTi ~ 0.3 MeV/TT, and in case of  56Ni it becomes negative 
кNi  ~ -0.3 MeV/TT. Evidently, for anti-magic at zero field 
strength nuclei the shell energy always increases with 
field H, and for magic one - decreases, indicating positive 
and negative values of magnetic susceptibility  кi , 
respectively. Then for an average relative yield over MRI 
region V, see sect. 1,   1 3

V

y V d ry H  r  one gets 

(Kondratyev & Korovina, 2015)   

    1

1
exp exp /

b
y b a a x dx  
     exp / Ei Ei /aa b a a b

b
       

 ,   (3) 

where 0 /ia H kT  , b=(ra/r0)2. The radius r0 relative 
to the MRI center corresponds to a maximum in field 
strength H0, and radius ra is determined from conditions of 
comparable values for magnetic pressure gradients and 
gravitational force at R corresponding to material 
irruption, i.e., dH2(r)/dr = 4H0

2/b2ra ~ 8 GM n(R)/R2  . 
Here the gravitational constant G, and the star mass M 
inside the bifurcation radius R is related to the matter 
density n(R) as 4R2 n(R) = -dM/dR , and the integral 

exponential function 
 exp

Ei( ) d
x t

x t
t

  .   

In Fig. 2 one sees significant difference for magnetic field 
dependence of nuclide output, magic and anti-magic at 
vanishing field. For anti-magic nuclei and, therefore, 
increasing binding energy with increasing field strength or 
positive magnetic susceptibility relative volume of 
nucleosynthesis increases  significantly with increasing a. 
At the same time, the relative production of magic nuclides, 
i.e., negative value a, is not substantially changed with 
increasing field. This behavior significantly differs from the 
case of a spatially uniform magnetization, see Fig. 2, which 
corresponds to the exponential dependence of <y> or b = 1 
in Eq. (3). In this case the coefficients of suppression and 

 
Figure 2: Relative yield of nucleosynthesis products 
depending on a parameter a at values b = 1, 9, 100, 900 
indicated by lines 1, 2, 3, 4, respectively.  

 
enhancement are the same with the same absolute value of 
a. The presence of  the diffusion layer, corresponding  to a 
fade-out field strength with increasing r (or b > 1) in a real 
MRI region leads to substantial differences of relevant 
factors. Significant increase in a synthesis of anti-magic 
nuclei is accompanied by a slight change in mass volume 
magic nuclides. Model predictions in the absence of 
magnetic effects, see. (Woosley, Heger & Weaver, 2002), 
give the mass of initially synthesized 44Ti, MTi ~ 10-5 MSun 
(in solar masses MSun ). For realistic characteristics of Type 
II SN explosion (sect. 1) enhancement factor <y>Ti ~ 30 –
 300 corresponds to a mass MTi ~ 10-3.5 – 10-2.5 MSun. It is 
worthy to notice that not all the material ejected from the 
central part of a star is formed in MRI areas, see  
(Kondratyev, 2014). Such an enhancement of 44Ti is in an 
agreement with direct observations in yang SN II remnants 
(Kondratyev & Korovina, 2015) MTi ~ 10-3.5 MSun. At the 
same time for SN I the  44Ti volume  is significantly smaller 
(Kondratyev, Korovina & Mishenina, 2015). One might 
expect, therefore, noticeable correlations in enrichment of 
anti-magic nuclides with other metals, e.g., 56Fe, 48Ti, 26Al. 
 

3. Galactic chemical evolution: magic and anti-magic 
nuclides 

 
An important application of the nucleosynthesis 

computations is represented by a description of the 
enrichment of our Galaxy and the Universe as a whole 
with various chemical elements. Despite considerable 
progress in the chemical evolution modeling, as well as in 
the nucleosynthesis computations, a number of issues 
remain unresolved. In this paper, we dwell on potential 
sources of calcium and titanium production.  

For this purpose we use the abundances of these 
elements, which we had obtained earlier for the Galactic 
disc dwarfs (Mishenina et al., 2008), and compared them 
with the chemical evolution computations (Timmes, 
Woosley & Weaver, 1995) (Figs. 3, 4). In the study 
(Timmes, Woosley & Weaver 1995) the yields of  
isotopes 48Ti and 44Ca, produced by massive supernovae, 
from Woosley & Weaver (1995) were used to develop a 
Galactic chemical evolution model. As can be seen from 
Figs. 3 and 4, the employed data describe the trend of [Ca 
/Fe] vs. [Fe/H] quite well; however, the adopted yield of 
isotope 48Ti is insufficient to describe the behavior of 
[Ti/Fe] vs. [Fe/H]. A similar pattern for calcium and 
titanium is  presented  in  
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Figure 3: Comparison of observed abundance of Ca 
(Mishenina et al. 2008, marked as asterisks) with the trend 
of galactic chemical evolution (Timmes, Woosley & 
Weaver 1995, marked as solid line).    
 

 
Figure 4: The same as Figure 3, but for Ti abundance. 
Thick solid line shows magnetic enhancement, see eq. (3) 
and discussion therein. 
   
 
 
the study by Timmes, Woosley & Weaver (1995; see their 
Figs. 25 and 27). It proves that the investigated sources of 
calcium production, such as massive stars, are dominant 
suppliers of calcium in the interstellar medium while 
further improved computations for the titanium sources 
are required. In respect with titanium the authors point out 
that "both the 48Ti yield and the ration [Ti/Fe] are sensitive 
to the parameters of the explosion and the amount of 
material that falls back onto the neutron star". The 
nucleosynthesis computations (Woosley & Weaver, 1995) 
were carried out not accounting for the magnetic field. 

We suggest another possible mechanism of additional 
titanium enrichment when taking into account the in-
creased yield of anti-magic nuclides in ultramagnetized 
astrophysical plasma. As is seen on an example of the 
radioactive isotope 44Ti the direct observational data, see 
sect. 1, confirm such an enrichment which can be under-
stood in terms of magnetic effects. The resulting enrich-
ments of M44 isobars are collaborated with observational 
data (Kondratyev, 2014; Magkotsios, 2010). The proton 
magnetic reactivity dominates in a change of binding en-
ergy, see Eq. (2). Therefore, one can expect to meet a no-
ticeable increase in production of other titanium isotopes, 
as well. At the same time a yield calcium isotopes can be 

expected unchanged because of the proton shell closure, 
see Eq. (3).  
 

4. Conclusion 
 
 Nucleosynthesis at magnetorotational supernova 

explosion was considered by employing arguments of 
nuclear statistical equilibrium. Magic-antimagic switches 
in the nuclear shell structure in varying magnetic field 
lead to an increase of titanium binding energy and, 
consequently, to a noticeable increase of the portion of 
44Ti in explosive nucleosynthesis products. Magnetic 
effects in nuclide creation are favorably compared to 
observational Integral data and galactic chemical 
composition. 
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ABSTRACT. The comparison of the results of the
studies of the active stars’ chemical composition ob-
tained by different authors has been performed. It was
concluded that the difference between the abundances
of some elements in active and inactive stars becomes
significant (> 3σ) only for the active stars with high
chromospheric activity (lgR

′

HK > −4). This is the
case primarily for the light elements, namely Li, Na
and Al, as well as heavy elements with Z > 30.

Key words: Stars: RS CVn end BY Dra binaries,
abundances – stars: individual: LX Per, OU Gem, BY
Dra.

1. Introduction

Stars with outer convective envelopes and luminos-
ity classes V to III with the observed emission in the
CaII H&K lines, the light curve peculiarities, as well
as enhanced X-ray and microwave emission, are termed
as active stars (Berdugina, 2005). One of the quantita-
tive measures of chromospheric activity is the activity
index lgR

′

HK = lg(FHK/σT
4
eff ), which was first intro-

duced by Noyes et al. (1984). This index describes
the correlation between the emission flux in the CaII
H&K lines and luminosity of a star. Several types of
active stars of widely differing masses and in different
evolutionary stages have been discovered to date; these
are young T Tauri (T Tau) stars which have not yet
reached the Main Sequence (MS); RS Canum Venatico-
rum (RS CVn) stars which represent evolved synchro-
nized fast-rotating components of close binary systems;
W Ursae Majoris (W UMa) stars; cool low-mass dwarf
BY Draconis (BY Dra) stars; and single giants of the
FK Comae (FK Com) type. Objects within such a
range of evolutionary states have one common feature
they all have outer convective envelopes and high rates
of spin resulting in the magnetic field enhancement.
The highest chromospheric activity is exhibited by the
RS CVn binaries and the BY Dra type low-mass dwarfs
(Strassmeier, 2005).

The RS CVn stars are close detached binary systems
with the orbital periods from several days to several

tens of days; in these binaries, one component is usually
a G-K subgiant, while another one is a low-mass main-
sequence star. The chromospheric activity of the sub-
giant is deemed to be related with its rather rapid rota-
tion as a close binary component. The activity of these
stars was first detected from the sinusoidal variations
in their light curve, which did not coincide with the
binarys orbital period. The associated brightness vari-
ations are considered to be related with the presence
of dark spots on the subgiants surface; these are sim-
ilar to sunspots,but are relatively larger (covering up
to 20% of the disc area in some binary systems). The
amplitude of the binary brightness variations related to
these spots is from several hundredths to several tenths
of a magnitude. The difference between the spot and
disc temperatures can reach as high as 1500K. The
chromospheric activity index is higher than −4.0 dex.
The BY Dra type stars are main-sequence dwarfs

with spectral types G, K and M and masses 0.08 ÷
0.5M⊙. High magnetic activity is exhibited as strong
optical flares and periodical variations in the brightness
of the out-of-eclipse portions of the light curve with
amplitudes of up to 0.1m. This peculiarity is due to
large spots on the stellar surface (covering up to 10%
of the stellar surface).

Such high chromospheric activity on the stellar
surface is likely to affect not only resonance, but also
subordinate spectral lines, resulting in altered surface
chemical composition. The investigated peculiarities
of the chemical composition of active stars can be
an additional indicator of physical processes on their
surfaces.

2. The chemical composition of inactive stars
with outer convective envelopes and luminosity
classes V to III

Before proceeding to a discussion of the chemical
composition of chromospherically active stars, the pe-
culiarities and errors in determinations of the chemical
composition of late-type inactive stars in our Galaxy
should be considered. This can be done by exemplify-
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ing the study of the chemical composition of the HR
1614 moving group dwarfs by De Silva et al. (2007),
in which the abundances of 13 elements were deter-
mined from high-dispersion spectra of 14 cluster stars
and four field stars. The reported mean standard de-
viation deviation) of the derived iron abundances in
the cluster stars was σ=±0.033 dex, while the intrinsic
accuracy of the model atmospheric parameters was as
follows: Teff = ±50 K, lgg = ±0.1, ξ = ±0.1 km s−1.
A noticeable difference (exceeding 3 σ) between the
mean abundance estimates and the solar values was ob-
served for the light elements, such as Na (–0.09±0.08
dex) and Al (–0.13±0.06 dex), and for heavier ele-
ments with Z > 39, namely Zr (–0.15±0.07 dex) and
Nd (–0.21±0.02 dex); the overabundance of barium
(+0.15±0.05 dex) was also observed. The field stars
exhibited the same tendency in the estimated elemen-
tal abundance dynamics as that observed in the cluster
stars, with the only exception being a much narrower
scatter of the elemental abundance determinations: Na
(–0.18±0.04 dex), Al(–0.2±0.05 dex), Zr (–0.15±0.04
dex) and Ba (+0.25±0.03 dex). These four stars have
almost equal gravitational acceleration; and it is this
parameter which has the most direct effect on the level
of errors in the determination of the atmospheric abun-
dances of these elements.
The abundances of 23 elements in 276 dwarfs of

the population of the thin and thick components of
the Galactic disc were determined in the studies by
Mishenina et al. (2004, 2008, 2013). The intrin-
sic accuracy in the determinations of the model at-
mospheric parameters were expected to be as follows:
Teff = ±100 K; lg g = ±0.2; ξ = ±0.2km s−1.
Standard deviation of the estimated abundances of
the light elements (Z < 13) was σ = ±0.15 dex,
which was twice as high as that for the iron-group el-
ements (σ = ±0.08 dex). The dispersion of the esti-
mated abundances of the heavy elements (Z > 38) was
0.12 ÷ 0.14 dex for cooler stars (Teff = 5000 K) and
0.08 ÷ 0.10 dex for hotter stars (Teff = 6000 K). The
authors deduced the following conclusions:
• A decrease in the abundances of α-elements, in

particular for O, Mg, Si and Ti, was observed with
increasing metallicity though the dispersion of the es-
timated Ca abundances was higher.
• High dispersion observed for Al is likely to be

caused by the NLTE-effects, and it may be reduced
when these effects are taken into account.
• High dispersion observed for Na remains at the

same level even when the NLTE effects are factored
in. This can be due to the fact that many sources
contribute to the Na production, which results in its
highly inhomogeneous distribution in the interstellar
medium.
• High dispersion in the Ba and La abundance esti-

mates is likely due to high uncertainties in the stellar
age determinations, which resulted in the uncertain-

ties in the determined contributions of the slow s−
and rapid r− neutron-capture processes, which are the
main donors of these elements.

As can be seen, the dispersion of the estimated ele-
mental abundances in the studies by Mishenina et al.
are consistent with that reported by De Silva et al.
(2007), given the error in the model parameter deter-
minations in the latter study is half that in the former
ones. For several elements the differences between the
stellar abundance determinations and solar values are
so small (within 2σ) that can not be reckoned as signif-
icant However, we can unambiguously assert that the
error in the determinations of the atmospheric abun-
dances of certain chemical elements (such as Na, Al, Ba
and possibly some others) in dwarfs is by a factor of
two or even three greater than that for other elements.

The analysis of the chemical composition of cool
giants in our Galaxy can be exemplified by the
study of Reddy et al. (2012) concerned with the
determination of mean abundances of 22 chemical
elements in the giants belonging to clusters of different
ages. The intrinsic accuracy in the determinations
of the model atmospheric parameters were expected
to be as follows: δTeff = ±100 K; δ lg g = ±0.25;
δξ = ±0.2 km s−1. The mean dispersion of the
estimated abundances for all investigated elements
was 0.03−0.05 dex. The distribution of elements by
their atomic numbers is typical for giants as such: the
excess in the abundance estimates when compared
to the solar values, which was 0.1 dex for the light
elements (α-elements) and 0.2 dex for the heavy
elements (s− and r−elements), is accounted for by
the evolutionary change in the elemental abundances
of the giant atmosphere.

3. The study of the chemical composition of
active stars

A comparison between the elemental abundances in
active (30) and inactive (101) dwarf stars was con-
ducted in the study by Mishenina et al. (2008), and
the following conclusions were inferred from the results
obtained:

• both active and inactive dwarfs have shown almost
the same correlations between the elemental abun-
dances and metallicities;

• the lithium abundance determinations appeared
not to be dependent on the stellar indices of chromo-
spheric activity.

It is noteworthy that among the stars which had
been assigned as active stars by various criteria, this
study was focused on the stars with low chromospheric
activity indices (lower than −4.32 dex). The most com-
prehensive study of the chemical composition of active
stars with high chromospheric activity indices was per-
formed by Morel et al. (2006), who investigated the
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Figure 1: The distribution of the chemical elements in
the atmospheres of the LX Per binary components (A
component).

abundances of 10 elements with atomic numbers in the
range 11 to 28, and 56 (Ba) in eight RS CVn stars with
the index lgR

′

HK ranged from −3.83 to −3.69. The
largest difference between the abundance estimates and
solar values was reported for Na (+0.4± 0.1 dex) and
Al (+0.3± 0.1 dex); this difference was less significant
for other α-elements, while the scatter of barium abun-
dances was rather wide (+0.2± 0.2 dex) in both active
and inactive stars. These elements are noticeably sen-
sitive to the NLTE-effects.
As shown by theoretical calculations performed

in Lind et al. (2011), the error in the abundance
determinations for these elements is expected to be not
lower than 0.1÷0.15 dex, which is rather consistent
with the dispersion of the abundance estimates for
these elements in inactive late-type dwarfs. Hence,
such a large difference between the abundances of
certain elements and the solar values (especially for Na
and Al) is due to their sensitivity to the NLTE-effects,
which are considerably enhanced in active stars. The
increased abundances of the elements sensitive to the
NLTE effects in chromospherically active stars (with
lgR

′

HK > −4) are well illustrated in the study by
Morel & Micela (2004) concerned with the investiga-
tion of the oxygen atmospheric abundances in active
and inactive stars from the OI 6300 Å line, which is
not sensitive to the NLTE-effects, and from the OI
7774 Å triplet, which is sensitive to the NLTE-effects.
As reported in this study, the oxygen abundances
derived from the OI 7774 Å triplet were on average
1.0 ± 0.2 dex higher than those determined from the
OI 6300 Å line.

Figure 2: The distribution of the chemical elements in
the atmospheres of the LX Per binary components (B
component).

4. The in-depth analysis of the chemical
composition in the atmospheres of active stars
by exemplifying certain binary systems

Let us consider in more detail the results and prob-
lems related to the abundance determinations in active
stars exemplifying the most prominent representatives
of the RS CVn stars, which have been the subject of
numerous studies. There are very few investigations
of the chemical composition of active stars in binaries
with well-known parameters of the binary system and
its components; and this can be an essential factor in
drawing conclusions on the pattern of the abundance
variations. Just several rather bright RS CVn and BY
Dra stars have been thoroughly investigated to date.

Lambda Andromedae (λ And) is a RS CVn-type bi-
nary system (Tautvaisiene et al., 2010) with the ro-
tation period of the active star subgiant Prot = 54
days and orbital period Porb = 21 days; the secondary
component of the binary is a white dwarf. The ef-
fective temperature of the subgiant Teff = 4830 K;
its projected rotational velocity vsini = 6.5 km/s;
its activity index lgR

′

HK = −3.68, and metallicity
[Fe/H] = −0.53 dex. As shown by the results of photo-
metric observations (Frasca et al., 2008), in this binary
system the spots on the subgiants surface cover up to
12% of the surface area while their temperature is 800
K lower than the photospheric one. The investigation
of the atmospheric abundances of the λ And binary
subgiant, which is a bright star, have been numerously
reported. The scatter of the elemental abundances es-
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Figure 3: The distribution of the chemical elements in
the atmospheres of the OU Gem binary components
(A component).

timated in different studies of the subgiant is very wide
(±0.25 dex on average), though the error in the abun-
dance determinations averages to ±0.05 dex. Such a
wide scatter resulted from the employment of different
model parameters of the subgiants atmosphere due to
the spotted stellar surface associated with the mean ef-
fective temperature variations with the rotation phase,
rather than from the errors in simulations. The mean
abundance of the chemical elements generated in differ-
ent nuclear processes is on average higher than the solar
values; these differences amount to [α/Fe] = 0.4 dex,
[s/Fe] = 0.2 dex and [r/Fe] = 0.4 dex. We suggest
that such differences can be related to two processes:

1) the enrichment in the heavy elements resulted
from the exchange of matter between a massive star
(which is a white dwarf in this case) and less massive
star (which is a subgiant in this case);

2) substantial NLTE-effects. A noticeable atmo-
spheric lithium deficit in the active star (−0.5 dex)
should also be noted.

29 Dra is a RS CVn-type star (Barisevicius et al.
2010), its one component is a subgiant whose rota-
tion period Vrot = 32 days while the secondary com-
ponent is a white dwarf. The effective temperature
of the subgiant Teff = 4720 K; its projected rota-
tional velocity vsini = 6.7 km/s; the activity in-
dex lgR

′

HK = −4.65, and the atmospheric metallic-
ity [Fe/H] = −0.20 ± 0.05 dex. This binary system
has also been widely investigated. In contrast to the
λ And binary system, whose chromospheric activity is
higher, the scatter of the elemental abundances in 29
Dra is far narrower (<0.1 dex). This indicates that the
model atmospheric parameters are less dependent on
the rotation phase of the subgiant. The relative abun-
dances of the iron-group elements, as well as s− and

Figure 4: The distribution of the chemical elements in
the atmospheres of the OU Gem binary components
(B component).

r−process elements, equal to solar ones. The abun-
dance of α−process elements is 0.1 dex higher than
the solar value. Such a difference between the abun-
dance estimates for α−process elements and the solar
values is likely to be mainly due to the exchange of
matter in the binary with a more massive star evolv-
ing to become a white dwarf; and to a lesser extent,
it may be accounted for by the NLTE-effects related
to the chromospheric activity of the subgiant. A no-
ticeable atmospheric lithium deficit in the active star
(−0.45 dex) should also be noted.

Thus, it was not a right selection of the two RS
CVn-type binary systems, namely 29 Dra and λ And,
as target ones to investigate the chemical composition
of chromospherically active stars, because the elemen-
tal abundances in the primary components atmosphere
may significantly vary at the stage of exchange of mat-
ter in the course of the binary evolution, though the
contribution from the secondary component, which is
a white dwarf, to the combined spectrum is near-zero
in these binaries. The studies of the λ And binary sys-
tem have also shown the dependence of the subgiants
model atmospheric parameters on the phases of its ro-
tation. Hence, the active stars in the 29 Dra and λ
And binary systems cannot be used as target ones to
study the impact of the chromospheric activity on the
formation of the spectral lines.

The studies of another bright star of the RS CVn
type, namely 33 Piscium (33 Psc) (Barisevicius et
al., 2011), have been performed many times. This
binary system contains a subgiant along with a
late-type main-sequence star whose contribution to
the combined spectrum of the binary is insignificant.
The subgiant exhibits low chromospheric activity
(lgR

′

HK < −4.7). The orbital period of the binary
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Figure 5: The distribution of the chemical elements in
the atmospheres of the BY Dra binary components (A
component).

system Porb = 73 days; the effective temperature of
the subgiant Teff = 4750 K; its projected rotational
velocity vsini = 2 km/s and atmospheric metallicity
[Fe/H] = −0.09 ± 0.06 dex. The scatter of the
abundance estimates for different elements reported
in different studies is within the error in the model
determinations, except for certain lines. On average,
the relative abundances of all elements are typical for
the main-sequence stars and subgiants and almost
equal to the solar ones.

5. The investigation of the chemical compo-
sition of chromospherically active stars from
the composite spectra of binary systems

The results of in-depth studies of a number of RS
CVn and BY Dra binary systems with combined spec-
tra, i.e. the spectra exhibiting the lines from both bi-
nary components, are also available at present. LX
Persei (LX Per) is an eclipsing spectroscopic binary of
the RS CVn type (Kang et al., 2013), which contains
a main-sequence star and an active subgiant. The or-
bital period of the binary Porb = 8 days; the effective
temperatures of the primary (A) and secondary (B)
components are TA = 6200 K and TB = 4790 ± 230
K, respectively; the ratio of the components luminosi-
ties LA/LB = 0.90; the projected rotational veloci-
ties of the A and B components vsiniA = 9.1 and
vsiniB = 21 km/s, respectively; the activity index
of the subgiant lgR

′

HK = −4.55; the metallicities of
the A and B components [Fe/H]A = −0.05± 0.05 dex
and [Fe/H]B = −0.12 ± 0.11 dex, respectively. The
out-of-eclipse portion of the light curve shows peculiar
variations with amplitudes ranging from 0.03 to 0.08m,

Figure 6: The distribution of the chemical elements in
the atmospheres of the BY Dra binary components (B
component).

though these variations showed no periodicity typical
for the RS CVn stars. Fig. 1 presents the distribution
of the chemical elements in both binary components
(Kang et al. 2013). As is seen in Fig. 1,2 the elemen-
tal abundances in both components show significant
peculiar variations, which exceed several-fold the er-
ror in the abundance determinations. Though there
are not many lines of the heavy elements (Z > 40),
their abundance estimates show the most pronounced
difference, such as a considerable deficit, when com-
pared to the solar values; however, the barium lines
can be reliably observed. Evolutionary changes in the
abundances of the heavy elements imply their increase,
rather than decrease; overlooking the NLTE-effects can
also result in the increased.

Such a peculiar pattern of the distribution of the
heavy elements has been obtained for the first time,
and the authors suggested it can be due to the accretion
of material from the gas-dust shell, in which the sep-
aration of the gas and dust components had occurred.
This explanation cannot be deemed as credible, espe-
cially with regard to the stars with outer convective en-
velope. Accretion of material from the gas-dust shells
is not a rare case in binary systems; however, such a
peculiar pattern of the distribution of the chemical el-
ements in the atmospheres of the binary components
has not yet been observed. However, it must be admit-
ted that there are just few studies of the atmospheric
elemental abundances in the binary components, espe-
cially from the combined spectra, available as of today.
The cause of such a pattern of the elemental distribu-
tion may be sought in the peculiarities of the binary
system itself. The most pronounced feature of this bi-
nary is the rotational velocities of its components (9
and 21 km/sec), which are higher than those typical for



68 Odessa Astronomical Publications, vol. 29 (2016)

the stars with the outer convection envelopes, as well
as a noticeable peculiar variations in the CaII H&K
emission lines (from 3 to 10Å) while the Hα emission
remains practically unaltered (Wieler, 1978).
OU Geminorum (OU Gem) is a spectroscopic binary

system consisting of two main-sequence BY Dra-type
stars (Glazunova et al., 2014); its orbital period Porb =
7 days; the rotation period of the primary component
(determined from the light curve plotted from pho-
tometric observations) Prot = 7.4 days; the effective
temperatures of the primary (A) and secondary (B)
components TA = 5025 K and TB = 4500 K, respec-
tively; the ratio of the components luminosities LA/LB

= 3.0; the projected rotational velocities of the A and
B components vsiniA = 6.0 and vsiniB = 6.5 km/sec,
respectively; the activity indices of the A and B com-
ponents lgR

′

HKA = −4.39 and lgR
′

HKB = −4.5,
respectively; the atmospheric metallicities of the A
and B components [Fe/H]A = −0.2 ± 0.1 dex and
[Fe/H]B = −0.15 ± 0.19 dex, respectively. Fig. 3,4
shows the distribution of the chemical elements in the
atmospheres of the binary components adopted from
the study Glazunova et al. (2014). As is seen in
Fig. 3,4 the distribution of the light elements in the
atmospheres of both binary components is typical for
the main-sequence cool stars as described above. The
heavy elements (Z > 40) are noticeably overabundant
in the atmospheres of both components. The lithium
lines cannot be observed in the binary spectrum, which
may be indicative of the low atmospheric abundance of
this element in both components (less −0.5 dex).
BY Draconis (By Dra) is a spectroscopic binary

system consisting of two main-sequence stars which
exhibit very high CaII H&K emission, i.e. both
binary components are chromospherically active stars.
Moreover, this binary system has a visual component,
which is also a main-sequence star. The orbital period
of the binary system Porb = 6 days; the rotation period
of the primary component (determined from the light
curve) Prot = 3.8 days; the effective temperatures
of the primary (A) and secondary (B) components
TA = 4560 ± 150 K and TB = 4430 K, respectively;
the ratio of the components luminosities LA/LB =
2.3; the projected rotational velocities of the A and B
components vsiniA = 8.0 and vsiniB = 7.5 km/sec,
respectively; the activity index of the primary compo-
nent lgR

′

HK = −3.45; the atmospheric metallicities
of the A and B components [Fe/H]A = 0.04±0.15
dex and [Fe/H]B = −0.04 ± 0.21 dex, respectively.
According to research, the spot on the primary
components surface resulting in a photometric wave
with an amplitude of 0.2 m covers up to 20% of its
disc area; the spot temperature is 300 K lower than
the photospheric one (Chugainov, 1976). Fig. 5,6
shows the distribution of the chemical elements in the
atmospheres of both binary components according
to the results of the examination of two spectra

performed by Glazunova & Kovtyukh (2014). As is
seen from Fig. 3, with the 0.1 dex mean error in
the determinations of the atmospheric abundances
in the primary component, the abundance estimates
of the elements with Z < 29 are almost similar
to the solar values, with the only exception being
lithium, which is significantly underabundant in the
atmospheres of both components. The scatter of the
estimated abundances of the elements with Z > 29
considerably exceeds the error in their determinations.
However, the derived abundance of barium (Z = 56)
is practically similar to the solar value.

6. Conclusions and discussion

Based on the reported results of very few studies
concerned with the investigation of the chemical com-
position of active stars and on our studies of two active
binary systems of the BY Dra type, it is impossible to
infer an unambiguous conclusion about the values and
reasons for the variations in the atmospheric elemen-
tal abundances in active stars. We may only discuss
the following tendencies in the elemental abundance
dynamics in these stars:

• There is a noticeable increase in the abundances of
the light elements (Z < 20), which are sensitive to the
NLTE-effects, in active stars with the chromospheric
activity indices lgR

′

HK > −4.0;
• An excess of the heavy elements (Z > 39) has been

observed in three active stars with rather high activity
indices (> −4.5), namely in the λ And, OU Gem and
BY Dra binaries;

• The dispersion of the barium abundance estimates
in different active binaries, as well as in inactive dwarfs,
is rather wide ranging within 0.15÷0.2 dex;

• A significant underabundance of the heavy ele-
ments, including barium, may be observed in certain
active binary systems (e.g. LX Per);

• Lithium is noticeably underabundant in active
stars compared to inactive stars with the similar
temperature range.
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ABSTRACT. We revise the strontium abundances in 

FGK stars with metallicities ranging from −1.0 < [Fe/H] < 
+0.3. The observed stars belong to the substructures of the 
Galaxy thick and thin discs. The observations were con-
ducted using the 1.93 m telescope at Observatoire de 
Haute-Provence (OHP, France) equipped with the echelle 
type spectrographs ELODIE and SOPHIE.  The values of  
the Sr abundance  were obtained using synthetic spectra 
using LTE model atmosphere. The comparison of our data 
with models of chemical evolution was made. 
Keywords: stars: abundances 
 

Strontium, as one of the abundant neutron-capture ele-
ments, has been extensively investigated in the past few 
decades.  The data obtained will allow exploring ways of 
production and enrichment by strontium of the galactic 
substructures and the Galaxy generally. 

The high-resolution echelle spectrographs SOPHIE (R = 
75000) and ELODIE (R = 42000) on board 1.93m tele-
scope of OHP (France) for the wavelengths range 4400–
6800 ÅÅ were used. Spectral processing carried out by 
(Katz et al., 1998; Galazutdinov, 1992).  

 
Figure 1: Spectrum synthesis fitting of observed profiles 
of SrI line 4607 Å  

 
Figure 2: The run of [Sr/Fe] with [Fe/H].  

The effective temperatures Teff, the surface gravities 
logg, the microturbulent velocity Vt, and metallicities of 
the studied stars were estimated earlier in our paper 
(Mishenina et al., 2013; Kovtyukh et al., 2003).  

Determination of the Sr abundance was made by 
STARSP LTE spectral synthesis code (Tsymbal, 1996) 
from the Sr I line 4607 Å. The example of comparison of 
synthetic and observed spectra for Sr line is shown in 
Fig.1. The mean determination error is ± 0.15. Departures 
from NLTE for 4607 Å: the correction is positive, from 
0.1 to 0.2 dex (Bergemann et al., 2012). The dependence 
of the obtained LTE strontium abundance versus [Fe/H] is 
presented in Fig.2. The thin and thick disc stars are 
marked as open and black circles, correspondingly.   
  

Results & conclusions 

To provide diagnostics of the types of n-capture proc-
esses forming Sr, we used the calculations of the Galactic 
enrichment by Travaglio et al. (2004) and Serminato et al. 
(2009).  Both these models taken into account the contri-
bution of s-process yields from asymptotic giant branch 
(AGB) stars and a primary (weak s-process component) 
and r-process production in the Galaxy from Type II su-
pernovae stars (bottom line– Serminato et al. (2009), top – 
Travaglio et al. (2004) for thin disc and by dotted line for 
thick at Fig.2). The primary process (or LEPP) is also 
taken into account in model of Travaglio et al. (2004). 
Serminato et al. (2009) used first the r-process residual 
method (s = 1 − r) and then the r − contribution from Type 
II Supernovae. Both models (Travaglio et al., 2004; Ser-
minato et al., 2009) describe quite the behavior of a thin 
disk stars, albeit in some different ways. Note, the models 
which consider only the contribution in n-capture enrich-
ment from s-process do not depict well the observation. 
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ABSTRACT. We search for variable stars and study 
them using our CCD observations, observations available 
in the CSS, NSVS, ASAS-3 and Super-WASP online 
public archives. 

Our CCD observations were performed using the Zeiss-
1000 telescope of the V.G. Fesenkov Astrophysical 
Institute’s Tien-Shan Astronomical Observatory. Earlier, 
as a result of our search using CCD images, we detected 
27 new variable stars; using the NSVS and SuperWASP 
databases, we detected 12 new red semiregular and 
irregular variable stars. 

In this paper, we present our study of seven known 
variables based on the ASAS-3 and SuperWASP 
databases. All these stars remained poorly studied, their 
light elements were unknown, variability types were 
considered preliminary only. We studied two eclipsing 
variables (FY And and V2250 Sgr) and five Mira-stars 
(BZ Sco, CZ Sco, FK Sco, V880 Sco and V1818 Sgr). 

Keywords: stars: variables: eclipsing binary, Mira-
stars – stars: individual: FY And, V2250 Sgr, BZ Sco, CZ 
Sco, FK Sco, V880 Sco, V1818 Sgr 
 

1. Introduction 
 

We search for variable stars and study them using our 
CCD observations, observations available in the Catalina 
Surveys (Drake et al. 2009), Northern Sky Variability 
Survey (NSVS ,Woźniak et al. 2004), the All Sky 
Automated Survey (ASAS-3, Pojmanski 2002) and 
SuperWASP (Butters et al. 2010) online public archives. 

Our CCD observations were performed using the Zeiss-
1000 telescope of the V.G. Fesenkov Astrophysical 
Institute’s Tien-Shan Astronomical Observatory (altitude 
2759 meters above the sea level). The telescope has a 
1000-mm mirror and the focal length of 6650 mm. The 
Apogee U9000 D9 CCD camera was used. The CCD 
observations were carried out in Johnson’s BVR 
photometric system. We mainly observed moderate-
density areas of the Milky Way. The images were 
subjected to photometric processing using MaxIm DL5 
specialized software and to further interpretation of the 
data. The limiting magnitude of our search is about 20m V; 

it is possible to separate star pairs with inter-component 
distances as small as 1–2 seconds of arc. 

Using online archives, we not only search for new 
variables but also use them (especially the NSVS archive) 
to study known variable stars. The databases contain a 
large volume of information permitting to improve types 
of variable stars, their light elements, follow the behavior 
of variables during time intervals of long duration. 

 
2. Search for new variables 

 
As a result of our search using CCD images, we 

detected 27 new variable stars (Kusakin et al. 2013, 
Kusakin et al. 2014, Kusakin et al. 2015a, Kokumbaeva et 
al. 2016); among them there are 13 eclipsing variables 
(EW, EB types; classification  according to the General 
Catalogue of Variable Stars, GCVS, Samus et al. 2007-
2016), 5 red semiregular and irregular variables (M, SR, 
LB types), 5 δ Scuti variables, two RR Lyrae stars, 1 BY 
Draconis star and 1 ellipsoidal variable (ELL type). Some 
of them were earlier suspected from survey data. For 
several variables, the light elements were later improved 
(Khruslov & Kusakin 2014ab). 

Using the NSVS and SuperWASP databases, we 
detected 12 new red semiregular and irregular variable 
stars (LB and SR types; Kusakin et al. 2015b). 

 
3. Study of known variables 

 
In this paper, we present our study of seven known 

variables based on the ASAS-3 and SuperWASP 
databases. All these stars remained poorly studied, their 
light elements were unknown, variability types were 
considered preliminary only. We studied two eclipsing 
variables and five Mira-stars. 

3.1. FY And 

The variability of FY And = S 10112 (RA = 23h 23m 
28s.65; Dec = +50° 15' 57''.9, J2000) was discovered by 
Hoffmeister (1967). The variable was classified as an 
Algol-type variable star without light elements, range 15m 
– 16m.5.  The discoverer used 64 photographic plates to 
detect 2 times of minima and  1 small fading.  Later,  Busch 
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Figure 1: Light curve and O-C diagram for FY And. 

 
 & Häußler (1990) classified the variable as a possible 
eclipsing star, gave 5 moments of minima or fadings (the 
first of them coinciding with the latest by Hoffmeister) and 
a possible period P = 2.7 days. The photographic magnitude 
range is 15m.55 – 16m.40. In the GCVS (Samus et al. 2007-
2016), the variable was classified as an Algol-type variable 
with the magnitude range 15m.6 – 16m.4; the variability 
period is not specified and the epoch of light minimum is 
given (the same as the latest one by Busch & Häußler). 

We studied FY And using SuperWASPdata and all 
times of minima. We confirm the eclipsing nature of this 
variable (EA type). The light elements are:  

HJD (minI) = 2454346.963 + 2d.691785 × E. 

From the 1SWASP data, the magnitude range is 14m.9 
– 15m.5, MinII = 15m.1; the duration of the primary eclipse 
is D = 0.16 P. 

The SuperWASP observations, available as FITS 
tables, were converted into ASCII tables using the 
OMC2ASCII program as described by Sokolovsky 
(2007). From the SuperWASP data, we removed 
observations with errors exceeding 0m.20. 

Additionally, we present the O-C diagram and the table 
of the all known eclipsing minima. 

 
Table 1. Times of minima for FY And. 

JD O-C Publication 
2419111.50 0.000 Hoffmeister (1967) 
2429251.35 -0.038 Hoffmeister (1967) 
2430998.410 -0.004 Hoffmeister (1967), 

Busch&Häußler (1990) 
2440150.610 +0.045 Busch&Häußler (1990) 
2440153.345 +0.061 Busch&Häußler (1990) 
2447087.304 +0.032 Busch&Häußler (1990) 
2447469.461 +0.003 Busch&Häußler (1990) 
2454346.963 0.000 1SWASP data, this paper 

 
Figure 2: Light curve for V2250 Sgr. 

 
3.2. V2250 Sgr 

The variability of V2250 Sgr = S 7327 (RA = 20h 14m 
44s.90; Dec = -39° 28' 13''.9, J2000) was discovered by 
Hoffmeister (1963). Following this publication, the variable 
was classified in the GCVS as an Algol-type variable star 
without light elements, magnitude range 13m.0 – 13m.5 (pg). 
We confirm the eclipsing nature of this variable according 
to data from SuperWASP. The light elements are:  

HJD (min) = 2454308.698 + 9d.141 ×E. 

From the 1SWASP data, the magnitude range is 12m.85 
– 13m.05; the duration of the eclipse is D = 0.025 P. We 
removed observations with errors exceeding 0m.02. 
 

3.3. Five southern Mira variables 

We studied 5 red long-period variables, type M 
according to the GCVS, using ASAS-3 data. The results 
are presented in Table 2. In comments, we present the 
history of studies of these stars. 

 
Figure 3: Light curves for five Mira stars. 
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Table 2. Light elements of the 5 southern Mira stars  
No. Variable Coordinates (2000) Type V mag. Period, days Epoch, JD 
1 BZ Sco 16h 30m 11s.29 -36° 15' 06''.7 M 11m.7 –  <15m.0 369 2453769 
2 V880 Sco 16 41 14.44 -34 07 32.8 M 10.0   –  15.0 389 2454528 
3 CZ Sco 16 46 17.89 -31 02 06.8 M 11.9 – <14.4 216 2454615 
4 FK Sco 17 01 54.07 -32 39 18.9 M 11.8 – <14.5 184 2453506 
5 V1818 Sgr 18 06 57.91 -32 00 57.0 M 10.8 – <13.9 338 2454683 
 

Comments: 
1. The variability of BZ Sco (HV 4023) was discovered 

by Luyten (1927). The variable was classified as a long-
period variable star without light elements, magnitude 
range 15m.0 – <16m.0 (pg). The variable was classified in 
the GCVS as a possible Mira variable (M: type) without 
light elements. We confirm the Mira nature of this 
variable according to data from ASAS-3. The period is 
369 days; a twice shorter period (184 days) is not 
excluded. 

2. The variability of V880 Sco (AN 446.1935, HV 
8933) was discovered by Luyten (1935); its magnitude 
range was 11m.0 – 15m.0 (pg). The variable was classified 
in the GCVS as a Mira variable (M type) without light 
elements. Sanduleak et al. (1995) give the spectral type 
M8e. We confirm the Mira nature of this variable 
according to data from ASAS-3. 

3. The variability of CZ Sco (HV 4207) was discovered 
by Swope (1928). Following Swope (1928), the variable 
was not classified in the GCVS, with only the magnitude 
range (14m.8 – 16m.4 pg) given. Actually, it is a Mira 
variable star according to ASAS-3 data. 

4. The variability of FK Sco (HV 4327) was discovered 
by Swope (1928). Following Swope (1928), the variable 
was not classified in the GCVS, with only the magnitude 
range given (14m.4 – < 16m.5 pg). Actually, it is a Mira 
variable star according to ASAS-3 data. 

5. The variability of V1818 Sgr (AN 591.1933, HV 
9242) was discovered by Luyten (1933), who gave the 
magnitude range 14m.8 – 16m.1 (pg). Plaut (1958) classified 
the variable as a possible Mira variable, with the time of 
maximum JD 2427860. It was not possible to derive the 
period. The magnitude in maximum is 13m.10, with the 
detected full amplitude > 1m.85 (pg). The variable was 
classified in the GCVS as a possible Mira variable (M: 
type); the period is not specified, and the magnitude range 
is presented as 13m.4 – 16m.1 (pg). We confirm the Mira 
nature of this variable according to data from ASAS-3. 
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A TECHNIQUE FOR SIMULTANEOUS MEASUREMENT OF

CIRCULAR AND LINEAR POLARIZATION WITH A

SINGLE-CHANNEL POLARIMETER
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ABSTRACT. We present a technique for simulta-
neous measurement of circular and linear polarization
with the single-channel polarimeter, that is used in
Crimean astrophysical observatory for many years.
Methods and a computer program for data reduction
is described. The algorithm is described, which have
been used for photo-polarimetric monitoring of various
astronomical objects cataclysmic variables, asteroids,
comets.

Key words: Data reduction; Polarimetry; cata-
clysmic variable stars; asteroids; comets.

1. Introduction

The development of devices capable of measuring
circular polarization of light became possible in the
middle of the 20th century after the appearance of
achromatic retarders. For us it became feasible in the
middle of the 80’s, following the development of mul-
ticomponent symmetric achromatic retarders by V.A.
Kucherov (1986). Shakhovskoy N.M. et al. (2001) de-
scribed a technique for circular polarization measuring
using the CrAO 2.6-m Shajn mirror telescope (SMT)
with a single-channel photopolarimeter, which uses the
high-speed rotation of a quarter-wave retarder as a
modulator. In that case the signal was integrated by
four pulse counters over the time intervals correspond-
ing to the 90 degree angles of the retarder rotation; at
that, the angles of activity of the second pair of the
pulse counters were shifted relative to those of the first
pair by 45 degrees. In 2002, we modified the SMT po-
larimeter aiming to quasi-simultaneously measure all
four Stokes parameters, namely I, Q, U and V. We
still use a quarter-wave retarder as an analyser, which
is continuously rotating at the rate of 33 rps, and a

Glan prism as a stationary polarizer. The switching
unit of the polarimeter has been rearranged in such a
way that the signal is integrated over the time intervals
corresponding to the 22.5 degree angles of the retarder
rotation, i.e. by eight pulse counters.
According to Serkowski (1974), the intensity of the

light beam which has passed through such a device can
be expressed by the following formula:

I ′(ψ) =
1

2
(I+

Q

2
(1+cos4ψ)+

U

2
sin4ψ−V sin2ψ) (1)

where ψ is the angle of rotation of the retarder fast
axis (hereinafter the major axis) relative to the anal-
yser principal plane; I is the intensity of the incoming
radiation; Q and U are the linear polarization parame-
ters; and V is the circular polarization parameter. Hav-
ing the dependencies (1) angularly integrated the equa-
tions for eight pulse counters (0◦ − 22.5◦, 22.5◦ − 45◦,
..., 337.5◦ − 360◦) and taking into account repeating
of counts in the range (180◦ − 360◦), the following ex-
pected values may be derived:
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Note that the sky background effects should be elim-
inated from the values n1, n2, n3, n4, n5, n6, n7 and
n8. For this, the sky background should be measured
prior and after the program object. The mean or in-
terpolated sky background values at the instant of the
object observation are subtracted from the observed
values for the object for each of the eight channels.

The combination of the pulse counters readings en-
ables to obtain the following dependencies for the
Stokes parameters:

N = n1 + n2 + n3 + n4 + n5 + n6 + n7 + n8 =

= I0 ·
π

2
S1 = −n1 + n2 + n3 + n4 + n5 − n6 − n7 − n8 =

= −V ·
√
2

S2 = −n1 − n2 − n3 + n4 + n5 + n6 + n7 − n8 = (3)

= V ·
√
2

S3 = n1 + n2 − n3 − n4 + n5 + n6 − n7 − n8 = U

S4 = n1 − n2 − n3 + n4 + n5 − n6 − n7 + n8 = Q

As the parameter Q ≤ 0.1 for the majority of astro-
nomical objects, when neglecting it, the first equation
in the set (4) can be written down as I0 = N/π. Hence,
the standardized parameters u and q of the Stokes vec-
tor for the linear polarization expressed in per cent can
be determined from the following formulae:

LP1 = 314.16 · S3

N
=
U

I0
= u

LP2 = 314.16 · S4

N
=
Q

I0
= q (4)

The Stokes parameters for the circular polarization are
determined as follows:

CP1 = −S1 ·
157.08

N

CP2 = S2 ·
157.08

N
(5)

According to the set of equations (4), the sum of pulses
accumulated in all channels depends upon the parame-
ter Q. Thus, in general, the second iteration is required
to determine the final values of the polarization param-
eters, but it is only essential when the degree of linear
polarization is above 10%.

The final equations for the degree p and the plane of
linear polarization θ are as follows:

p =

√
u2 + q2

I0

θ =
1

2
arctan

u

q
(6)

The standard error of the circular and linear polariza-
tion can be determined from the following formulae:

σv = 157.08

√
N +Nbgr

N

σp = 314.16

√
N +Nbgr

N
(7)

where Nbgr is the total number of the sky background
pulses for eight pulse counters. According to [3], the
error in the angle determination can be calculated by
the following formula: σθ = 28.65 · σp

p

2. Determination of the degree of circular
polarization by the observed values CP1 and CP2

The parameters CP1 and CP2 are equivalent to the
Stokes parameters for the linear polarization, namely q
and u. Therefore, CP1 and CP2 are projections of the
vector PC on the OX and OY axes under the statistical
noise perturbations; hence, it is necessary to determine
the degree of angle 2ϕ0.
It can be done using the observations of a star with

a wide range of circular polarization variation. To this
end, at first, the correction for the zero point from the
measured standards with zero polarization should be
factored in, i.e. the instrumental polarization should
be taken into account. And then, it is necessary to
find such an angle of rotation of the coordinate system
(i.e. rotation of the polarizer relative to the analyser)
that one of the axes corresponds to the polarization
while another one represents the noise.
Let us introduce a system of coordinates X and Y where
the origin coincides with the mean values (< P1 >,
< P2 >), and the OX axis is tilted relative to P1 by an
angle ϕ (which equals to 2πϕ0). Then,

P1 = P1 +X cosϕ− Y sinϕ

P2 = P2 +X sinϕ+ Y cosϕ

X = (P1 − P1) cosϕ+ (P2 − P2) sinϕ (8)

Y = −(P1 − P1) sinϕ+ (P2 − P2) cosϕ

Let us calculate the second central moments for the
variables P1 and P2:

µ ij =< (Pi − Pi)
2(Pj − Pj)

2 >

< X >= 0, < Y >= 0,

< X2 >= µ11 cos
2 ϕ+ 2µ12 cosϕ sinϕ+ µ22 sin

2 ϕ =

=
1

2
(µ11 + µ22) +

1

2
(µ11 − µ22) cos 2ϕ+ µ12 sin 2ϕ

< XY >=−(µ11 − µ22) cosϕ sinϕ+ µ12(cos
2ϕ− sin2ϕ) =

= −1

2
(µ11 − µ22) sin 2ϕ+ µ12 cos 2ϕ (9)

< Y 2 >= µ11 sin
2 ϕ+ 2µ12 cosϕ sinϕ+ µ22 cos

2 ϕ =

=
1

2
(µ11 + µ22)−

1

2
(µ11 − µ22) cos 2ϕ− µ12 sin 2ϕ
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These formulae are valid for any angle of rotation ϕ,
however, for the orthogonal regression, it is required to
select such an angle that the joint moment. Thus,

tan 2ϕ =
2µ12

µ11 − µ22

sin 2ϕ =
2µ12√

(µ11 − µ22)2 + 4µ2
12

cos 2ϕ =
µ11 − µ22√

(µ11 − µ22)2 + 4µ2
12

(10)

< X2 >=
1

2
(µ11 + µ22) +

1

2

√
(µ11 − µ22)2 + 4µ2

12

< XY >= 0

< Y 2 >=
1

2
(µ11 + µ22)−

1

2

√
(µ11 − µ22)2 + 4µ2

12

In fact, there are four different roots ϕ = 1
2 arctanλ+

kπ
2 , k = 0, 1, 2, 3 of the equation tan 2ϕ = λ.
Two of these four roots correspond to the direction

of the major axis of the dispersion ellipse along the OX

axis while another two roots correspond to the direc-
tion along the OY axis. We select the main direction in
the quadrant where the formulae for sin 2ϕ and cos 2ϕ
are valid. Then, the variablesX and Y have the highest
and lowest dispersion, respectively, among all possible
angles of rotation. It is rather common that the vari-
able X is interpreted as a variable parameter with the
observation noise while Y is interpreted as ’pure noise’.
The total Stokes parameters are calculated in the

manner described. It follows from the above-presented
formulae that using this technique the circular po-
larization parameters are determined more precisely
than those for the linear polarization.

3. Computer program

To process the observation data obtained with
the single-channel photopolarimeter, Breus (2007) has
written the computer program ”PolarObs”, which car-
ries out the techniques described above (see also Breus
et al., 2007).
A data file is generated by the telescope observa-

tions; this file contains eight quasi-simultaneous mea-
surements of the object’s brightness for eight succes-
sive positions of the modulator and the instant of time
at the end of a given observation. Information on
the type of the object (such details as dark current,
background, target star, reference star and standard),
exposure time and number of observation in a series
and spectral band-filter is also recorded in the data file
by the polarimeter control program, written by a staff
member of CrAO, D.N.Shakhovskoy.
The program automatically identifies the type of

data sequence using keyword analysis, giving the user
the option of accepting or changing the resulted type.
Such a fashion allows of minimizing the amount of

Figure 1: The main screen of Polarobs. Measurements
of AM Her at the top and the background at the bot-
tom.

clicking and key pressing which is more comfortable
when processing a large set of data.
When the data set is open, the program exhibits two

curves which represent the resulted measurements of
the object’s brightness (on the top of the screen) and
sky background (on the bottom of the screen) for either
of eight channels. Having the polynomial fitting of the
background counts performed the obtained polynomial
values are subtracted from the stars’ counts for each
channel individually. Subsequently, the user can com-
pute the smoothing polynomial value for the reference
star counts in order to determine the brightness of the
target object. After that the program computes lin-
ear combinations (see 4) using fixed constants for each
channel which results in the so-called ’vectors’ S1−S4.
The first two vectors S1 and S2 are used later to com-
pute the circular polarization parameters while another
two vectors (S3 and S4) are used to obtain the linear
polarization parameters. Having this step completed,
it is possible to save the results obtained in a format
of vectors of photometric observation, somehow similar
to the Stokes parameters.
As the next step the user can analyse the diagram

representing the correlation between S2 and S1 (for the
circular polarization) and between S4 and S3 (for the
linear polarization). In this view mode the calculated
values of polarization, position angle and other data
are shown under the diagram.
When processing the standards of zero or non-zero

polarization, these data are considered to be and saved
as the final results. When processing observations of
a variable star or any other object it is necessary to
account for the instrumental polarization. To this end,
the coordinate system of the linear polarization dia-
gram should be rotated by an angle determined from
the standards of non-zero linear polarization.
To determine the circular polarization, it is neces-

sary to rotate the coordinate system of the circular
polarization diagram by a certain angle in such a way
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Figure 2: Diagram representing the correlation be-
tween S2 and S1 (left) and S4 and S3 (right)

that the line connecting the origin and the distribution
centre coincides with the OX axis.
The standardised values of the Stokes parameters

can be the output to the files with extension *.p on
demand. These are delimited text files with spacebar
and newline separated values which contain the follow-
ing data:
JD is the Julian date;
Ft is the object brightness expressed as a ratio be-

tween the object counts and interpolated reference star
count;
Fm is the object brightness expressed in magnitude

units (related to the Pogson formula Ft);
CP ∗

1 , CP
∗
2 are the circular polarization values;

LP ∗
1 , LP

∗
2 are the linear polarization values;

σF , σCP , σLP are the errors in photometry, circular
and linear polarization, respectively.
In the last step it is possible to perform either poly-

nomial approximation or averaging of the standardised
or not-standardised Stokes parameters. When aver-
aging, the program gives an option to select statis-
tically optimal number of points for averaging using
three test-functions, such as the estimated error of a
single measurement, average accuracy of the smoothed
value and the signal-to-noise ratio.
The program was used to process the photopo-

larimetric observations of the stellar systems V405
Aur (Breus et al., 2013), BY Cam (Andronov et al.,
2008), AM Her (Andronov et al., 2003) and QQ Vul
(Andronov et al., 2010), as well as several comets
(Kiselev et al., 2012; Rozenbush et al., 2007, 2009,
2014). Some results were reported in reviews on large
scientific campaigns (Andronov et al., 2010; Vavilova
et al., 2011, 2012).

Figure 3: Viewing P-file - photometry (1), circular (2)
and linear (3-4) polarization
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ABSTRACT. For nine Mira-type stars (o Cet, R Leo, S 
Car, U Her, X Oph, R Aql, RR Aql, S Ori, S Scl,)  and 
one semi-regular star (L2 Pup), the mean light curves have 
been obtained. The initial values of the brightness (obser-
vations) were fitted by a trigonometric polynomial of the 
statistically optimal order. 

The Fourier coefficients and the additional parameters 
(degree of the trigonometric polynomial, amplitude of the 
brightness, the maximal slope of ascending and descend-
ing branch, semi-amplitudes and initial epochs for the 
brightness maximum (minimum magnitude) of each har-
monic contribution, etc., were given in the tables reported 
earlier by Kudashkina (2016). In this study, we have re-
ceived several interesting correlations between these pa-
rameters in the bands H and K. It was particularly noted 
the anomalous position on the figures of the star X Oph. 

The mean light curves of the investigated stars are com-
monly symmetric in the near infrared region (H and K). 

Keywords: Stars: Pulsating: Mira-type: SR 
 

1. Introduction 
 
This article is a continuation of the work on the Atlas 

of the mean light curves and catalogue of the characteris-
tics of the long-period variable stars represented by Ku-
dashkina (2003), Chinarova and Andronov (2000), Mar-
sakova and Andronov (1998) and these works were done 
in a frame of activity of the "Ukrainian Virtual Observa-
tory" (Vavilova et al., 2011, 2012) and “Inter-Longitude 
Astronomy” (Andronov et al., 2003). The “Stellar Bell” 
(pulsating stars) part of this campaign was reported by 
Andronov et al. (2014). 

More details on observational bases, methods of proc-
essing of observations and methods of approximation of 
curves can be found in Andronov (2003) and Andronov 
and Marsakova (2006). 

 
2. Data and analysis 
 
For this investigation, the observational data of the near 

infrared bands (H and K) from the article «Infrared col-
ours for Mira-like long-period variables found in the Hip-
parcos catalogue» by Whitelock et al. (2000) were used. 
10 stars were processed: o Cet, R Leo, S Car, U Her, X 
Oph, R Aql, RR Aql, S Ori, S Scl, L2 Pup (fig.1-2 and 
fig.5-6). As mentioned in the articles by Kudashkina 
(2015), Kudashkina and Andronov (1996), for the analysis 
we have used the program by Andronov (1994, 2003), 

which allows the use of a trigonometric polynomial fit of 
the statistically optimal degree s: 

    



s

k
kk PTtkratm

1
00 /2cos 

, 
where rk are semi-amplitudes and kT0  are initial epochs 
for the brightness maximum (minimum magnitude) of the 
wave with a period P=P/k. 

The preliminary value of the period (from the General 
Catalogue of Variable Stars, (Samus et al. 2007-2015) was 
corrected using the method of differential corrections for 
each order s of the trigonometric polynomial (Andronov, 
1994, 2003). 

All computed parameters of light curves are subdivided 
into three groups: first, fundamental (period P, amplitude  
Δm = mmin – mmax, asymmetry f = φmax – φmin, degree of 
the trigonometric polynomial s); second, parameters of the  

 
Figure 1: The mean light curves of the Mira-type stars in 
H and K bands. The best fit and the ±1σ error corridor are 
shown. 
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Figure 2: The mean light curves of the Mira-type stars in 
H and K bands. The best fit and the ±1σ error corridor are 
shown. 

extremal slope of the light curve (mi and md – the maxi-
mal slope of the incline for ascending and descending-
branches; ti and td – the characteristic time of the increase 
of brightness by 1m for ascending and descending 
branches); third, additional (parameters of harmonics). 

The results were given in the tables reported earlier 
(Kudashkina, 2016). The main light curves are shown in 
Fig. 1, 2. The mean light curves for o Cet, R Aql and R 
Leo were given as well. 

The regression lines and coefficient correlations were 
calculated for the next dependences: 

(1) period – amplitude “lgP – Δmag (H)”, “lgP – Δmag 
(K)”; 

(2) period – maximal slope of the incline for ascending 
and descending branches “lgP – mi (H)”, “lgP – mi (K)”, 
“lgP – md (H)”, “lgP – md (K)”; 

(3) period – characteristic time of the increase of 
brightness by 1m for ascending and descending branches 
“lgP – ti (H)”, “lgP – ti (K)”, “lgP – td (H)”, “lgP – td (K)”; 

(4) period – semiamplitude of the first harmonic “lgP – 
r1 (H)”, “lgP – r1 (K)”; 

(5) semiamplitude of the first harmonic – maximal slope 
of the incline for ascending and descending branches “r1 – 
mi (H)”, “r1 – mi (K)”, “r1 – md (H)”, “r1 – md (K)”; 

(6) semiamplitude of the first harmonic – characteristic 
time of the increase of brightness by 1m for ascending and 
descending branches “r1 – ti (H)”, “r1 – ti (K)”, “r1 – td 
(H)”, “r1 – td (K)”; 

(7) maximal slope of the incline for ascending branch – 
characteristic time of the increase of brightness by 1m for 
descending branch “mi – td (H)”, “mi – td (K)”; 

 
 

 

 
Figure 3: The dependencies between mutually inverse 
characteristics of the asymmetry of the branches. Index “i” 
corresponds to ascending branch, index “d” corresponds 
to the descending branch. 
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(8) maximal slope of the incline for descending branch 
– characteristic time of the increase of brightness by 1m 
for ascending branch “md – ti (H)”, “md – ti (K)”. 

(9) difference of the amplitudes in the H –  and K –  
band versus period Δm(H) - Δm(K) – lg P. 
 

3. Conclusions 
 
For (8) the coefficient of the correlation for K – band 

ρ=0.92 and ρ/σρ=6.9. Meanwhile, the correlation coeffi-
cient for the H – band is only 0.24. Perhaps this is because 
the light curve in the K – band is more symmetrical than 
in the H – band. 

For (1) the coefficients of the correlation are ρ=0.55 
and ρ/σρ=1.9 (H); ρ=0.54 and ρ/σρ=1.8 (K). 

For (4) the coefficients of the correlation are ρ=0.52 
and ρ/σρ=1.7 (H); ρ=0.52 and ρ/σρ=1.7 (K). 

For all other dependencies of the correlation coefficient 
less than 0.5 in absolute value and the ratio ρ/σρ never 
exceeds 2. 

Ratio (8) prompted the idea to test the dependence of 
the difference of the amplitudes of the rays H and K on 
the logarithm of the period (9). 

For all ten stars of the dependence (9), the correlation 
coefficient is small enough (ρ=0.596 and ρ/σρ=1.8). If we 
exclude two stars with highly asymmetric curves (S Ori 
and S Scl), the picture becomes different: ρ=0.70 and 
ρ/σρ=2.4 (fig. 4). However, the star X Oph is also out-
standing   at  the  picture.  This   object   is   an  anomalous  
 

 

 
Figure 4: The dependence between Δm(H) - Δm(K) and lg 
P. For the left dependence, ρ=0,596 and ρ/σρ=1,8. For the 
right dependence ρ=0.88 and ρ/σρ=4.2. At the bottom, the 
filled square shows the star X Oph, which was also ex-
cluded from the calculation. 

 
Figure 5: The mean light curves of the Mira-type stars in 
H and K bands. The best fit and the ±1σ error corridor are 
shown. 
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Figure 6: The mean light curves of the Mira-type stars in 
H and K bands. The best fit and the ±1σ error corridor are 
shown. 

(small-amplitude) Mira-type star, which is also a spectral 
binary. Its features were discussed earlier (Andronov and 
Kudashkina, 2008). Also previously described features of 
the Mira-type stars R Aql, R Leo, U Her in the article Ku-
dashkina and Rudnitskij (1988), in particular, we com-
pared the behavior of the stars in the visual range and in 
the maser of the H2O line. 

All the figures were constructed with the program 
MCV (Andronov and Baklanov, 2004). 
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ABSTRACT. In the present research we have
calculated 3D numerical hydrodynamical simulations
of a radiation-driven jet launch and disappearing over
low/hard state. The calculations show that the jet
launch occurs at the beginning of the low/hard state
over 10-30 minutes of the orbital time. The jet disap-
pearing occurs over the short time scale (of the order
of 10-30 minutes of the orbital time) at the end of the
low/hard state. The calculations also show that the
temperature near the accretor is increased in 100-200
times over low/hard state relatively high/soft. The
mass accretion rate in the disc is anti-correlated with
the temperature near the accretor in our calculations.

Keywords: Stars: binaries - stars: jets - methods:
numerical - hydrodynamics.

1. Introduction

The present research is concerned the 3D numeri-
cal hydrodynamical simulations of a radiation-driven
jet launch and disappearing over low/hard states in
microquasar on the base of Cyg X-1 binary parame-
ters. The microquasars are that in semi-detached close
binary systems in which the normal star (supergiant
of O-B classes) overfill its Roche lobe and inflowing
via L1-stream in the compact objects (neutron star or
black hole) Roche lobe in which accretion disc around
the accretor is formed. Microquasar phenomenon is a
launch and disappearing of relativistic jet along disc
rotation access in low/hard and high/soft states re-
spectively. The observations show that jet velocities
are about values: 0.25 and 0.98–0.99 of light speed.
The observations also show that accretion disc lumi-
nosities in microquasars are about of 0.1–0.5 of critical
luminosity (Fender et al., 1999; Fender, 2001; Mirabel,
2001; Fender, Gallo , Jonker, 2003; Fender, Belloni,
Gallo, 2004; Gallo & Fender, 2005; Fender et al., 2006;
Lachowicz et al., 2006; Gallo, 2007). The present work
is the third one of own works which are devoted to
3D numerical hydrodynamical simulations of micro-

quasar phenomenon. We have simulated low/hard and
high/soft states in accretion disc of microquasar Cyg
X-1 taking into account the constant precession in the
first work (Nazarenko V. & Nazarenko S., 2014) and
undefined precession in the second one (Nazarenko V.
& Nazarenko S., 2015). These results show the disc
central part temperature is increased in 100–200 times
over low/hard state relatively the central disc part tem-
perature in high/soft state. The disc mass accretion
rate is anti-correlated relatively the central disc part
temperature time behaviour. The mass accretion rate
is decreasing in 50–100 times over low/hard state rel-
atively high/soft. The central disc part temperature
is maximal at the beginning and at the end of the
low/hard state. The transition between both states
described above is order of 10–30 minutes of the or-
bital time. This time interval is very small value in
respect to with the duration of both states described
above since that of these states are about of half of
the precession period (7–8 days in our calculations).
In the first work (Nazarenko V. & Nazarenko S., 2014)
the transitions between both states are regularly and
happen every precession period. In the second work
(Nazarenko V. & Nazarenko S., 2015) the transitions
between both states are irregularly and are not every
precession period. Such the numerical properties of
the microquasar phenomenon calculated by us are close
to the observational properties of classical microquasar
Cyg X-1.
In the present work we complicate our simulations of

microquasar phenomenon. For that we will calculate
the radiation-driven jet formation along the disc
rotation access simultaneously with the simulation of
low/hard and high/soft states in an accretion disc of
classical microquasar Cyg X-1. Thus, our main task is
to calculate the radiation-driven jet formation and its
time behaviour over low/hard and high/soft states in
classical microquasar Cyg X-1.
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Figure 1: The time-dependences of the disc central part
temperature.

2. Numerical algorithm

In the present research we use the numerical algo-
rithm that is identical to our previous works. Shortly,
the algorithm consists in the following. To calculate
the accretion disc, we compute mass flow in the calcu-
lation area from initial to steady state. For that we use
non-stationary hydrodynamical Euler equations which
are resolved by astrophysical variant of the big parti-
cle code by Belotserkovskii & Davydov (1982). In the
present research we use the radiation cooling model
accordingly to Cox D.P. & Daltabuit E. (1971). To
calculate mass flow in the calculation area we use rect-
angular coordinate system and numerical greed. The
sell number in the numerical greed is 110×110×148. To
focus the jets along the disc rotation axes we will calcu-
late the component of the radiation forces only. These
radiation forces will be calculated by us in the approach
of optically thin layers and in the approach of LTE and
they may be written as follows: Frad = α ∗H/c, where
α is a coefficient of Thompsons scattering; H is ra-
diation flux written as σ ∗ T 4; c is light speed. To
simulate accretion disc precession we simulated slaved
precession.
We use the following dimensionless units. The den-

sity is given in units of 1011 particles per cm3; all the
distances are given in units of the orbital separation;
all temperatures are given in units of eV ; the velocities
are given in km s−1.
We cut the space around accretor with the radius of

0.05 to avoid the singularity in our calculations. We
name this volume as Accretor-1 to distinguishit from
real accretor.

4 5 6 7 8 9 10
-4,00E-007

-3,50E-007

-3,00E-007

-2,50E-007

-2,00E-007

-1,50E-007

-1,00E-007

-5,00E-008

0,00E+000

5,00E-008

M
as

s 
ac

cr
et

io
n 

ra
te

, s
ol

ar
 m

as
s 

pe
r y

ea
r

Time

Figure 2: The time-dependences of the disc mass ac-
cretion rate.
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Figure 3: The time-dependences of the jet velocity.
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Figure 4: The time-dependences of the disc viscosity.
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Figure 5: The cross-section of the calculation area by
orbital plane and density contours on time 7.6 preces-
sion period.
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Figure 6: The cross-section of the calculation area by
Z−Y plane laying on compact object centre on low res-
olution space scale and temperature contours on time
7.6 precession period.
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Figure 7: The cross-section of the calculation area
by Z − Y plane laying on compact object centre on
high resolution space scale and temperature contours
on time 7.6 precession period.
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Figure 8: The cross-section of the calculation area by
Z −X plane laying on line of centres and density con-
tours on time 7.6 precession period.
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Figure 9: The cross-section of the calculation area by
Z−Y plane laying on compact object centre and tem-
perature contours on time 7.6 precession period.

3. Results

In our present simulations one-armed jets will be
simulated in essential. By this reason we will show
the jet parameters upper Acretor-1 only along the disk
rotation axis at a height as high as 0.04.

The main results of the present research are plot-
ted in Fig. 1-4. The time behaviour of the disc central
part temperature is plotted in Fig. 1; the disc mass
accretion rate is plotted in Fig. 2; jet velocity is plot-
ted in Fig. 3; the accretion disc viscosity plotted in
Fig. 4 is calculated as Vrad ∗ r, where Vrad is radial ve-
locity given in units of the orbital speed and r is the
radial coordinate given in units of the orbital separa-
tion. The Fig. 1 shows that the temperatures in the
disc central part are into two states: high and low. In
the high state the temperatures are more high than
the temperatures in the low states in 100-200 times
approximately. The Fig. 2 shows that the mass ac-
cretion rate is anti-correlated with Fig. 1. When the
temperature is high in Fig. 1, mass accretion rate is
decreasing in 50-100 times. The key parameters in the
present research are the jet velocities calculated along
the disc rotation axis at a height as high as 0.04 (see
Fig. 3). If jets are launching, the jet velocity is pos-
itive and on contrary when jets are disappearing, the
jet velocity is negative (see Fig. 3) and an accretion
process on compact object occurs. As Fig. 3 shows,
the jet launch in the present research occurs suddenly,
over 10-30 minutes of the orbital time, and its disap-

pearing is also occurring suddenly over the same time.
Analysing the presenting Fig. 1-3 we may finally con-
clude that low/hard and high/soft states are simulated
in our present research (Fender et al., 1999; Fender,
2001; Fender, Gallo, Jonker, 2003; Fender, Belloni,
Gallo, 2004; Gallo & Fender, 2005; Fender et al., 2006).
As Fig. 3 also shows, the jet velocities are maximal at
the beginning and at the end of the low/hard state.
This jet property may be explained very simply: the
force accelerated jets is suddenly increased and is max-
imal at the beginning and the end of low/hard state
but the jet mass is increased more gradually and is not
maximal at the time pointed above. Such the circum-
stance finally results accordingly second Newtons law
in the maximal jet velocity at the time stated above.
The important parameter in the present research is an
accretion disc specific viscosity. This parameter calcu-
lated in the present research (see Fig. 4) is maximal
before a starting of jets. We may also mark that all
the essential physical parameters of both states and
jet production (see Fig. 1-4) are strong fluctuated over
low/hard state in the present simulations.
The explanation of a mechanism of the jet produc-

tion and low/hard and high/soft states generated in
the present research is very simple: due to the preces-
sion of an accretion disc having being blowing by the
donors wind in a disc in its central part to states are
generated with high and low densities. When den-
sity is high in the disc centre and taking into account
that optical thickness is less than 1 in this volume, the
energy is very rapidly radiated due to radiation cool-
ing and the temperature is very low in this state. On
contrary, when the densities are low in the disc centre,
the radiation cooling is not efficient in this volume and
due to disc viscosity the kinetic energy of the disc rota-
tion is instantaneously transformed into heat and the
temperature is suddenly increased in this volume.
The cross-section of the calculation area by the disc

plane (the density contours and velocity field; the pre-
cession phase is about of 5.75) is shown in Fig. 5 in
which the donor (marked by number 1), donors wind
(marked by number 2) and a disc (marked by number
3) are good seen. The cross-section of the calculation
area by the Z − Y plane lying on the accretor (the
temperature contours and velocity field; the precession
phase is about of 7.6) is shown in Fig. 6 (the low resolu-
tion space scale) and Fig. 7 (the high resolution space
scale). In this figure the high temperature region in the
vicinity of the disc centre is very good seen (marked by
number 1). This region has the strong warped form.
The cross-sections of the calculation area by Z −X

plane on line of centres and the Z − Y plane line on
compact object centre on time of jet launch of 7.6
precession period are shown in Fig. 8 and Fig. 9. In
Fig. 8 the donor-star is marked by number 1 and
the L1 stream is marked by number 2; in Fig. 9 the
accretion disk is marked by number 1. As it is good
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seen from Fig. 8-9 the two-armed jets are launching
on the time of 7.6 precession period.

4. Conclusions

To summarize the present simulations we may
finally conclude that the essential numerical proper-
ties of both states, low/hard and high/soft, and jet
production (the increasing of the disc central part
temperature in low/hard state relatively high/soft; the
decreasing of the disc mass accretion rate in low/hard
state relatively high/soft; the transition between both
states occurs at very short time scales it is the key
property of the present simulations; the sudden jet
production at the beginning of low/hard state; the
maximal jet velocity occurs at the beginning and at
the end of low/hard state) are close to the observed
ones of classical microquasars.
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ABSTRACT. Variations in the H, H, HeI, CII, SiIII, 
Al III, FeIII, NII, and OII lines in the spectrum of the star 
HD 14143 are investigated using observations carried out 
in 2013 with the 2-m telescope at the Shamakhy 
Astrophysical Observatory.  

 It has been revealed an anti-correlation between the 
variability of the radial velocity and spectral parameters of 
the absorption and emission components of the H line in 
the spectrum of the star HD 14143. In addition, such anti-
correlation has also been found out between the variability 
of the radial velocities of HeI and CII lines. At the same 
time the variabilities of the radial velocities of the 
absorption component of the H and CII lines, as well as 
H and HeI lines correlate with each other. 

Key words: Supergiant star,  the profile of H line, 
HD 14143  

 
1. Introduction 
 
The supergiant star HD14143 belongs to the stars with 

P Cyg profile of the H line. According to (Barlow, 1977; 
Kraus et al., 2009; Vardya, 1984; Crowther et al., 2006), 
its spectral class is B2Ia, apparent magnitude is mv = 6.66 
mag, mass is M/M = 28, radiuse is R/R = 52.9, 
luminosity is log L/L  = 5.42, effective temperature is Teff 
= 18000 K, mass-loss is M = 1.0510-6 M/year, 
acceleration of gravity at the surface is logg=2.25, rotation 
speed is  sini = 76 km/s, distance is D=2.18 kpc. It is 
believed that this star belongs to Per OB1 association 
(Lennon et al., 1993).  

However, according to other authors (Lamers, 1981; 
Kudritzki et al., 1999; Tarafdar, 1988), the stellar 
parameters are somewhat different for HD14143 are: 

  
Mbol =–8.6, Teff=17500 K, Teff=20000 K, R/R = 50.9, 
R/R = 47.1, R/R = 52, M/M = 32, M = 0.3010-6 
M


/year, logg=2.47, logg=2.30, log L/L = 5.51, log L/L 

= 5.34, B–V=0.50, E(B–V)=0.65  
 
All earlier researchers of HD14143 performed only the 

determination of physical parameters of the supergiant star 
HD14143. Unfortunately, there are only little 
investigation concerning to the spectral and photometric 
observations of HD14143.  

Note that due to the variable stellar wind and mass-loss 
rate, variations of the intensity, radial velocities, and P 

Cygni profiles of lines of hydrogen, helium, and high-
ionization ions are observed in the spectra of hot 
supergiants. From this point of view a study of the H line 
is an especial interest. It is known that the H line in the 
spectra of B supergiants has a clear P Cyg-type profile.   

Generally, researchers noted that, the profile of H line 
in the spectra of HD 14143 indicates variable structure, 
but the sequence of observations of all researchers was 
irregular and inadequate to trace in detail the changes in 
the spectra. Therefore they noted that more and systematic 
observations are needed to investigate this supergiant.  

In the present paper, which is a sort of continuation of 
the above studies, we analyzed variations of the H and H 
lines. In addition, we also investigated the variabilities of 
the HeI (5875.72, 5047.74, 5015.68, 4921.93 Å), 
CII (6578.05, 6582.88 Å), SiIII (5739.7 Å), 
Al III (5722.73, 5696.603 Å), Fe III (5193.91, 5156.11 Å), 
N II (5710.77, 5686.2, 5679.6, 5676.02, 5666.6, 5045.1, 
5025.67, 5007.33, 5005.1, 5001.5, 4994.37, and 
4987.38 Å) and OII  (5160.02 Å) lines which formed 
deeper effective layers in the atmosphere of this star. 

Our main aim is to study the observed peculiarities of 
these lines in the spectra. We believe our results will be of 
interest for further studies of this remarkable star. 

 
2. Observation and processing 
 
Spectral observations of the supergiant HD14143 in 

2013 were carried out using a CCD detector in the echelle 
spectrometer mounted at the Cassegrain focus of the 2-m 
telescope of the Shamakhy Astrophysical Observatory 
(Mikailov et al., 2005). The spectral resolution was R = 
15000 and the spectral range is 4700-6700Å. The 
Echelle spectra were processed with the standard 
technique using the DECH20 and DECH20t software 
(Galazutdinov, 1992).  

Two spectra of the target star were obtained on each 
night. The signal-to-noise ratio was S/N =150-200.  

The average exposure was 1200-1500 s, depending on 
the weather conditions.  

In addition to the observations of the target star, in 
order to check the stability of the instrument we also 
obtained numerous spectra of standard stars, the day and 
night background, and comparison spectra. 

The measurement error for the equivalent widths (W) 
does not exceed 5%, and error of the radial velocity (Vr) 
is of the order of ±2 km/s. Here (Vr) are  velocities  of  the  
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Figure 1: Profiles of the H, CII and H lines in the spectra of HD 14143 observed in 2013.  
 
 

 
 

Figure 2: Variation with time of the radial velocities, equivalent widths, and depths (or residual intensities) in the H 
line in the spectra of HD 14143.  a), b), c)  in the absorption; d), e), f)  in the emission. 
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Figure 3: Variations of the radial velocities, and spectral parameters in the H, HeI and CII lines.  

 
 

absorption minima or emission maxima in the selected 
lines. Appropriate heliocentric corrections were included 
during data processing.  

The profiles of the H line in the spectra of this star 
shows normal P Cyg profile in mainly. Our observations 
and measurements show that the most variability in the 
spectrum of HD14143 is displayed by the equivalent 
width, radial velocity and structures of the H line. Table 
1 shows that the radial velocity and equivalent width of 
the absorption component of the H line varied between –
227–159 km/s and 0.130.43Å, the emission component 
varied between  –11+17 km/s and 0.220.94Å, and H 

line varied between –115–69 km/s and 0.771.01Å, 
respectively. In addition, the depths of the absorption 
components of the H and H lines varied between 
0.060.15 and 0.220.30, and the residual intensity of the 
emission component of the H line varied between 
1.101.31, respectively.  

As is shown from the measurements, in the radial 
velocity and spectral parameters of the H line, as well as 
the H line significant changes happened, but the 
variability of the depth of the H line is weaker.   

In Table 1 the values of the radial velocity and spectral 
parameters of the H line and Figure 1 show that the 
intensity of emission component of the H line is stronger 
than the absorption one and both of the them changed 
substantially during observations.  

We analyzed the spectra on December 29-30, 2013, and 
it is revealed that the second weaker components were 
observed in the violet side of the absorption component of 
H line. Table 1 shows that the depth and equivalent width 
of the absorption component of the H line are decreased 
and the residual intensity and equivalent width of the 
emission component of this line are increased 
substantially at that time. 

Figure 1 and Table 1 also show that when the second 
weaker components were observed at the absorption 
component of H line, the H line contours were shifted 
toward the violet, and its depth and equivalent width are 
relatively decreased. 

At the same time the HeI line is displaced to the 
relatively violet side, but the CII lines shifted toward the 
red of the spectrum. 

We also investigated the HeI, CII, Al III, FeIII, NII, 
NaID and OII lines in the spectra. We determined that the 
radial velocity of the CII lines vary between   –54 –31 
km/s. On the other hand, Figure 1 clearly shows that small 
components are observed and disappeared on the profiles 
of CII lines. 

Unfortunately, the sequence of our observations was 
irregular, as well as because of a small number and due to 
low resolution we could not reveal in detail the structure 
of the H and CII profiles.    
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Table 1:  Measurements of the parameters of the H and H lines. 
  
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2: Measurements of parameters of the CII, HeI and NaI lines. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Investigation of the HeI and NaID lines showed that the 

radial velocities of these lines vary between –72-55 km/s 
and –27.5±2.5 km/s (Table 2), respectively, but profiles 
remain unchanged.  

The averaged radial velocities of other ions are given in 
Table 3. Note that the considered spectra contain a lot of 
absorption lines formed in deeper layers of atmosphere. We 
measured the radial velocities of the selected absorption 
lines. As seen from the Table 3 averaged value of velocities 
of the selected absorption lines is –45.8 km/s. This value is 
very close to the (Vsys=–47.0) velocity of center of mass of 
the star HD14143 (Simbad Astronomical Database). 
 
Table 3: Averaged radial velocities in the selected lines. 
 

Elements Vr, km/s 
Mean velocities 

Si III –45 
Al III –45 
Fe III –43 
NII –47 
OII –49 

 

 In addition, some results of the measurements in the 
spectra of HD14143 presented on a time scale in Figure 2 
and 3. It has been revealed an anti-correlation between the 
radial velocity and spectral parameters of the absorption 
and emission components of the H line, respectively 
(Fig.2). At the same time, such anti-correlation has been 
found out between the radial velocities of the HeI and CII 
lines (Fig.3d, e).  

The variability of radial velocity, equivalent widths and 
depths of H line indicate repeating features too. But it 
shows that sometimes the variability of these quantities 
correlate with each other, but sometimes not (Fig. 3a, b, c).  

Besides that, it has been revealed correlation between 
the variability of the radial velocities of the absorption 
component of the H and CII lines, as well as between H 
and HeI lines. 

 
3. Discussion 
  
The H line shows a P Cygni profile and is the only 

Ballmer line showing emission in the spectrum. We have 
found out that all spectral parameters of the absorption 
and emission components of the H observed in the 
atmosphere of the star HD14143 are significantly variable.  

HD14143 
H (abs) H (em) H 

Date and JD 

Vr 
(km/s) 

W 
(Å) 

R Vr 
(km/s) 

W 
(Å) 

r Vr 
(km/s) 

W 
(Å) 

R 

25.11.2013 
2456621,54 

–159 0.35 0.13 –11 0.53 1.24 –91 1.01 0.25 

25.12.2013 
2456652,30 

–211 0.43 0.15 17 0.22 1.10 –69 0,97 0.30 

26.12.2013 
2456653,28 

–202 0.28 0.10 14 0.31 1.12 –69 0.97 0.30 

29.12.2013 
2456656,31 

–210 
–185 

0.15 0.07 11 0.82 1.27 –102 0.77 0.22 

30.12.2013 
2456657,30 

–227 
–154 

0.13 0.06 7 0.94 1.31 –115 0.94 0.23 

HD14143 
Vr (km/s) 

Date and JD 

CII 
6578.05Å 

CII 
6582.88Å 

HeI  
5875.72Å 

NaI 
D1 

NaI 
D2 

25.11.2013 
2456621,54 

–46 –46 –61 –30 –25       

25.12.2013 
2456652,30 

–52 
 

–54 –55 –31 –27 

26.12.2013 
2456653,28 

–51 –52 –58 –30 –27 

29.12.2013 
2456656,31 

–33 –38 –62 –29 –28 

30.12.2013 
2456657,30 

–31 –34 –72 –28 –25 
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Table 1, 2 and Fig.1 show that on December 29-30, 
2013, when the second weaker components were at the 
absorption component of the H line the H and the HeI 
(5875.72 Å) lines shifted toward the violet, but  the CII 
(6578.05,  6582.88 Å) lines shifted toward the red of the 
spectrum. This event can be explained by the complicated 
structure of the stellar wind. 

On the other hand the formation small details in the 
profile of CII lines, as well as occasional shifts or 
disappearances of these components are interesting 
observational facts. As seen the deeper layers of the 
atmosphere of the star HD 14143 is an active variability. 
Detailed to investigate it is necessary to obtain many 
systematic observations with high resolution. 

We noted above that there are correlations between the 
variabilities of the radial velocities and spectral 
parameters of the H, CII, H, and HeI lines, respectively. 
Variabilities occur synchronously, or sometimes in an 
antiphase. We assume that these variabilities are caused 
by the pulsation or can be formed by the strong variable 
wind in the upper atmosphere of this star, i.e., in layers 
where the stellar wind is generated (Sobolev, 1947; 
Sobolev, 1985; De Jager, 1984; Cox, 1983). But a number 
of the observational materials is not enough, therefore it is 
not possible to reveal the quasiperiodicity of this 
variability.  

In addition, Table 1 shows that when comparing with 
Vsys, on all dates H and H absorption components are 
displaced to shorter wavelengths. But the averaged radial 
velocities of the all other selected absorption lines is very 
close to Vsys. We suppose it appears therefore that this star 
has an expanding outer envelope, whose density and 
velocity vary irregularly. The behavior of the inner 
atmosphere is peculiar, showing irregular changes in all 
line velocities. This star should be studied intensively for 
a full documentation of such changes. 

 
4. Conclusions 
 
Sometimes the absorption component of H line in the 

spectra of the star HD14143 is observed to be double. At 
that time the H and HeI (5875.72Å) lines shifted toward 
the violet, and the CII (6578.05, 6582.88Å) lines shifted 
toward the red of the spectrum. In addition, the small 
components are observed and disappeared on the profiles 
of CII lines. These events can be explained by the 
complicated structure of the stellar wind. 

It has been revealed an anti-correlation between the 
variabilities of the radial velocity and spectral parameters 
of the absorption and emission components of H line in 
the spectra of the star HD 14143. There is such anti-
correlation between the variability of radial velocities of 
the HeI and CII lines. In addition, it has been revealed that 
the variabilities of the radial velocities of the absorption 
component of the H and CII lines, as well as H and HeI 
lines correlate each other.  

We assume that these variabilities are caused by the 
pulsation or can be formed by the strong variable wind in 
the upper atmosphere of this star, i.e., in layers where the 
stellar wind is generated  
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ABSTRACT. The Changing Look AGNs (CL AGNs) 
are objects which undergo dramatic variability of the 
emission line profiles and classification type of  which can 
move from one spectral class to another within very short 
time interval (from days to years).  

We start the project of spectral and  photometric 
multiwavelength (from IR to X-ray) monitoring which include 
the selected set of AGNs  also known  as the CL AGNs. 

We are going to use 2-m  Zeiss telescope (ShAO) for 
optical spectral observations, 2.5-m telescope of SAI for 
IR JHK  photometry and spectrophotometery, small 
telescopes  Zeiss-600, AZT-5 for BVRI photometry.  

We are also going to search for the new  CL AGNs 
using  the MASTER data. Furthermore, we can get 
historical light curves for the known and the new 
discovered  objects using the MASTER opportunities. 

We are planning to apply for X-ray and UV observations 
of some CL AGNs with the SWIFT. 

We present some results of such monitoring of the 
transient object NGC2617.  

The main goal of the project is to investigate  the 
possibilities for the repeating cases  of the strong changes of 
spectral type at the CL AGNs. Investigation of such type of 
objects can be very informative for understanding the nature 
of these fast variations as well as physics of the AGNs.  
 

 
1. Introduction 

 
The Changing Look AGNs (CL AGNs) are objects 

which undergo dramatic variability of the emission line 
profiles and classification type of  which can move from 
one spectral class to another within very short time 
interval (from days to years). There are currently only 
some tens of cases of CL AGNs known. However, the 
small number of known CL AGNs is comparable to the 
number of AGNs which able to suspect, therefore, that 
perhaps every strongly variable AGN could be found to be 
a CL AGN if it is observed long enough. This assumption 
is supported by recent investigations (Runco et al., 2016)  

which show that about 38% of 102 Seyferts changed type 
and about 3% of the objects demonstrate disappearance of 
H on time scale  of 3-9 years. Also (MacLeod et al., 
2016) estimate >15% for strongly variable luminous 
quasars have changing-look behavior on rest-frame 
timescales of 3000–4000 days. There different types of the 
CL cases:  
    1. Vanishing or strong decreasing of  broad line 
components  for some relatively short time from several 
months to several years (NGC 3616 (Andrillat, 1968), 
NGC 4151 (Lyutyj, Oknyanskij, Chuvaev 1984; Penston 
and Perez, 1984; Oknyansky, Lyuty and Chuvaev, 1991)), 
NGC7603, Mrk 372, 3C390.3. Mrk993, NGC7469 
(Chuvaev, Lyutyi and Doroshenko, 1990), NGC6814 
(Sekiguchi and Menzies, 1990),  NGC5548 (Shapovalova 
et al., 2004)).  It is known that type of change for 2 
quasars SDSS J015957.64+003310.5 and the  SDSS 
J101152.98+544206.4. (See more references at Shappee et 
al., 2014; Koay et al., 2016). 
   2. Appearing of broad line components in AGNs which  
are usually  Sy2 for long time  (Mrk 6, Mrk 1018, NGC 
1097, NGC7582, Mrk 590, NGC 2617). In  Some of these 
cases, there were registered  returns to the usual low state 
with narrow type of lines after few years as it was in 
NGC7582 or after very long time as it happen for Mrk6 
and Mrk590.  For part of these objects changing look is 
connected with appearance of some blue shifted broad 
emission components (Mrk 6, 3C390.3) . 
   3. More than 20 AGNs  are changing look at X-ray spectral 
properties (see references at Richi et al., 2016).  Some of 
these AGNs were also noted before as the changing look in 
optical spectral region (NGC4151 and Mrk 6). 
   4. Other CL AGNs  which can not be from 1-3  type of 
cases. Those are objects with strong variation of 
continuum in hundreds of times without  significant 

BLac  state ( QSO 1256+295 Wills et. al., 1983).  
   5. Tidal disruption of stars (TDE) observed in not AGN 
galaxies. These objects obtain AGN properties temporally.   
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variations of  lines. For example changing from QSO to 



 
 

 

2. The list of selected objects 
 

The main goal of the project is to investigate the 
possibilities for the repeating of  cases  of the strong changes 
of spectral type at the CL AGNs. Investigation of such type 
of objects can be very informative for understanding the 
nature of this fast variations as well as physics of the AGNs.  
So we were selecting the objects which  have already   
known as CL cases in the past and are attractive for our 
observational opportunities  (see Table 1). 

  
3. Spectral and  photometric multiwavelength  

monitoring 
 

We are going to use 2-m  Zeiss telescope (ShAO) for 
optical spectral observations, 2.5-m telescope of SAI for IR 
JHK  photometry and spectrophotometery, small telescopes  
Zeiss-600, AZT-5 for BVRI photometry. We are also going 
to search for the new  CL AGNs using  the MASTER data 
(Lipunov et al. 2010).  Moreover, we can get historical light 
curves for the known and the new discovered  objects using 
the MASTER opportunities. We are planning to apply for X-
ray and UV observations of some CL AGNs with the 
SWIFT. We have already got first results of such 
monitoring  for the NGC 2617 during 2016. 
 

4.   NGC2617 
 
Optical and near-infrared photometry, optical 

spectroscopy, and soft X-ray and UV monitoring of the 
changing look active galactic nucleus NGC 2617 show 
that it continues to have the appearance of a type 1 Seyfert 

galaxy (Oknyansky et al., 2016a,b,c). An optical light 
curve  for  2010–2016  indicates that  the  change  of  type 
probably occurred between October 2010 and February 
2012 and was unconnected with the brightening in 2013. In 
2016 NGC 2617 brightened again to the level of activity 
close to that of April 2013. We found variations in all 
passbands and in both the intensities and profiles of the 
broad Balmer lines. X-ray variations are well correlated 
with UV–optical variability and possibly lead by 1-3 days. 
The K band lags the J band by about 22±2 days but lags H 
by ~10 days. J lags B by about 3 days. This could be 
because J-band variability arises from the outer edge of the 
accretion disc while K-band variability comes from thermal 
re-emission by dust. We found an increase in the K-band 
lag from 2013 to 2016 which could be due to dust 
sublimation. We propose that type changes are a result of 
increasing central luminosity causing sublimation of the 
innermost dust in the hollow bi-conical outflow. 

 
5. Summary 
 
We start the project of spectral and photometric 

multiwavelength (from IR to X-ray) monitoring which 
include the selected set of AGNs known already  as the 
CL AGNs. We obtain first results for NGC2617. 

The project is open for all interested in collaborations in 
these  investigations. 
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Тable 1: The CL AGNs selected for our project. 
 

N Galaxy α δ V Type z 

1 NGC 863 2 14 33 -00 45 58 13,80 Sa 0,0261 

2 NGC 2617 8 35 38 -04 05 16 14,50 S0 0,0143 

3 NGC 3227 0 23 30 +19 51 58 10,30 SBa 0,0039 

4 NGC 3516 1 06 47 +72  34 09 11,30 SB0 0,0088 

5 NGC 4151 2 10 32 +39 24 24 10,30 SBa 0,0033 

6 NGC 4941 3 04 13 -05 33 05 11,20 SBa 0,0037 

7 NGC 5548 4 17 59 +26 08 12 12,30 S0 0,017 

8 NGC 6814 9 42 40 +10 19 28 11,30 SBb 0,0052 

9 NGC 7469 3 03 15 +08 52 26 12,00 SBa 0,01639 

10 3C 273 2 29 06 +02 03 08 12,90 QSO 0,158 

11 3C 390.3 8 42 08 +79 46 17 15.38 S0 0,056 
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ABSTRACT. We present the historical light curve of 
NGC 4151 for 1906–2016. The light curve (Oknyanskij and 
Lyuty, 2007) is primarily based on our published 
photoelectric data (1968–2007, about 1040 nightly mean 
measurements (Oknyanskij and Lyuty, 2007)) and 
photographic estimates (mostly Odessa and Moscow plates 
taken in 1906 – 1982 (Oknyanskij, 1978, 1983), about 350 
measurements). Additionally, we include all data obtained 
prior to 1968 (de Vaucouleurs and de Vaucouleurs, 1968; 
Barnes 1968; Sandage, 1967; Wisniewski and Kleinmann, 
1968; Fitch et al., 1967) in total, 19 photoelectric 
observations from 1958–1967, were reduced by us to the 
same diaphragm aperture as that used in our measurements) 
as well as photographic data (Pacholczyk et al., 1983) 
(Harvard and Steward observatories' patrol plates taken in 
1910–1968, about 210 measurements). The light curve 
includes our old and new photometrical data obtained 
during last years at SAI, ShAO and Weihai Observatory as 
well as other published data (Roberts and Rumstey, 2012; 
Schnülle et al., 2015). All these data were reduced to an 
uniform photometric system.  

Applying Fourier (CLEAN algorithm) we have found 
periodic component ~16 years in the 110 years light curve. 
40 years ago about the same "period" was firstly reviled 
from Odessa's photometrical data (Oknyanskij, 1977; 
1978). This “period” seen in the light curve was then 
found independently in the spectral variability and 
interpreted as a case of the supermassive binary black hole 
(Bon et al., 2012). We interpret these circles as some 
accretion dynamic time.  

Keywords: AGN, optical variability, historical light 
curves 

 
1. Introduction 
 
NGC4151 is one of the most popular and well studied 

AGNs, it is most bright and high variable object, which is 
very often used as an example object: typical Sy1, typical 
Sy1.5, typical object changing classification type between 
Sy1 and Sy1.9. Now about the same cases of changing 
spectral classification types were found for several tens of 

AGNs. So it is more likely typical than untypical option 
for AGNs and it has to be explained in some unification 
model. 

NGC 4151 – is one of the several Seyfert galaxies 
which were firstly discovered at 1967 as variable in 
optical region (Fitch et al., 1967). Shortly after that (at 
1968) the photoelectric UBV monitoring of NGC 4151 
object was started at Crimean Laboratory of Sternberg 
Astronomical Institute (Lyuty, 1977). Variability of the 
object before 1967 can be investigated only from the 
archive photographic observations and an insignificant 
number of isolated photoelectrical observations. First long 
term optical variability investigations using photographic 
archive data (Harvard plates taken in the years 1932–1952 
and Steward plates taken in the years 1956–1968) were 
published (in graphic form only) by Pacholczyk (1971). 
Our long term photometry of NGC 4151 using Odessa 
plates (1952–1975) was published in table and graphic 
forms Oknyanskij (1978). Subsequently, Pachalczyk et. al. 
(1983) published more complete photometrical data 
started from 1910 (in table form). Finally, variability of 
NGC 4151 during 1906–1911 years was investigated 
using old Moscow plats (Oknyanskij, 1983). The longest 
uniform series of photometric observations were obtained 
by one of us (Lyutyi, 1977), and so all other observations, 
as far as possible, were reduced to the system of the series 
(see details at Lyuty and Oknyanskij, 1987). Long-term 
historical light curve, including photographic and 
photoelectric data, was published by Lyuty and Oknynskij 
(1987), and then continued for the more than 100 years 
(Lyuty 2006; Oknyanskij and Lyuty, 2007; Oknyanskij et 
al. 2012; 2013). In Oknyansky et al., (2014) we add to the 
light curve published data of Roberts and Rumstey (2012) 
reduced to our system. Our data were reproduced at 
historical light curves many times (for example by Czerny 
et al. (2003).  

 
2. Historical light curve for 1906–2016 
 
At the present work we continue the optical monitoring 

of NGC 4151. Our new data after 2010 (~200 nights) 
include the photoelectric UBV and CCD photometry with 
the same telescope 0.6-m and equipments at the Crimean 
Astronomical  Station of the  MSU (see details in Oknyanskij 
and Lyuty, 2007; Oknyanskij et al., 2013), CCD data, which
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Figure 1: The historical light curve of NGC 4151. Filed circles – our photographic data, оpen circles – Pacholszyk et. al. 
(1983), pluses – photoelectric data obtained before 1968, dots – Crimean photoelectric monitoring, our new 
photoelectric and CCD data, other published CCD data transferred to our system (Roberts & Rumstay, 2012; Schnülle 
at al., 2015). The errors are of the order of 0.2 mag for Pachalcsyk’s data, 0.1 mag or better for our photographic points, 
and ~0.02 mag or less for out photoelectric and CCD data. 
 
 
 
 

 
 
Figure 2: Relationship between the trial period P and its amplitude (in mag) obtained by the CLEAN method (Roberts et 
al., 1987). The regular component about 16 year which was firstly found 40 years ago (Oknyanskij, 1977) is most 
significant still in the variability during past 110 years. 
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were obtained with 0.6-m telescope at ShAO and the  
1.0-m telescope at Weihai Observatory of Shandong 
University. We also added 29 points from Schnülle at al. 
(2015) reduced from z to our system in B. 

The historical light curve for 1906–2016 years is 
presented at Fig. 1. At the light curve (Fig. 1) we can see 
different variable components: 1 – fast variations with 
time about tens of days, 2 – slow variations with time 
about several years, 3 – very slow component with time 
about tens of years. It is clearly seen that after minimumа 
at 1984 the type of variability is not the same as it was 
before: the amplitude of the fast variations become 
smaller compared to the slow ones. The most significant 
and long bright state during 1987–1997 happened just 
once during 110 years and can be connected with some 
unusual situation in the object, which increased the 
accretion rate very significantly. 

 
2. Periodicity analysis 
 
Applying Fourier (CLEAN) algorithm (Roberts et al., 

1987) to the data from 1906 till 2016 (smoothed with 
steps of 100 days), we found out the periodical component 
P~15,7 years in 110 years light curve (see Fig. 2). Only on 
the base of the Odessa photometrical data (Oknyanskij 
1977; 1978) nearly such period was revealed 40 years ago 
for the first time. Then presence of this periodic 
component was confirmed by us several times (Lyutyj and 
Oknyanskij, 1981; 1987; Oknyanskij and Lyuty 2007; 
Oknyanskij et al., 2007, 2013), and also, it was found 
independently from about the same data sets by Fun and 
Su (1999) and Guo et al. (2015). This “period” seen in the 
light curve was then found independently in the spectral 
variability and interpreted as a case of the supermassive 
binary black hole (Bon et al., 2012). 

 
3. Summary 
 
We present the historical light curve of NGC4151 for 

1906–2016 which is longest known light curve among the 
variable Seyfert galaxies. The interval 1906–1966 is 
mostly presented by photographic estimates that were 
obtained using Moscow, Odessa, Harward and Stewart old 
plates collections. All these data can be combined together 
and reduced to the same system as photoelectrical B 
observations just using magnitudes obtained with Odessa 
plates because these observations are overlap with 
photoelectric and other photographic data. The 
Pacholczyk (1983) magnitudes need some very big 
corrections in scale and zero point before plotting them 
together with other photometric data.  

The historical light curve shows different components 
in variability. Very high and long active state during 
1987–1998 was happened just once during 110 years. We 
again confirm the presence of the regular component 
about 16 years.  

We interpret these circles as some typical accretion 
dynamic time for the object. 
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PHOTOMETRIC OBSERVATIONS OF A NEW ECLIPSING

BINARY NSVS 8213217
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ABSTRACT. The photometric CCD observations
for new suspected eclipsing binary NSVS 8213217
in Astronomical stations near Odessa (Ukraine) have
been carried out. The light curves in V system were ob-
tained and new adjusting period and light element was
received. This star is identified as Algol-type eclipsing
binary EA.

Key words: Stars: eclipsing binary variables: Algol-
type - stars: individual: NSVS 8213217.

1. Introduction

NSVS 8213217 (UCAC4-574-077687, GSC 2126-
2113), (αJ2000.0 = 19h04m43s; δJ2000.0 = 24◦43

′
01

′′
)

was suspected as possible eclipsing binary systems
by Hoffman, Harrison, McNamara (2009) using auto-
mated variable star classification of Northern Sky Vari-
ability Survey. They determined the primary period as
P=3d.26268.

2. Observations

The photometric CCD observations in Astronomi-
cal stations near Odessa for this star were carried out
together with others variable stars in Vulpecula con-
stellation (in the field of Y Vul) during observational
seasons 2011, 2012 and 2016 years. The 48 cm reflec-
tor AZT-3 with the f/4.5 Newtonian focus (F=2024
mm) equipped with CCD photometer UAI CCD (Sony
ICX429ALL, 600x800 pixels) with V filter and Peltier
cooler were used (Udovichenko, 2012). The exposure
time for variable and comparison stars for the most
part were chosen to except a saturation of frame and
consist 90-120 sec. Two stars were chosen as com-
parison and check stars (comp=UCAC4-574-074580,
mV=12.93; check=UCAC4-574-074571, mV=14.15).
More then 2800 CCD frames with this star and com-
parison/check stars were gathered during 28 nights of
observations. The reductions of the CCD frames were
carried out using the CMUNIPACK (Motl) software.
The standard procedure for the aperture photometry
are composed of the dark-level and flat-field corrections

Figure 1: The finding chart NSVS 8213217 with the
comparison and check stars marked.

and determination of the instrumental magnitude and
precision. The all set of observations are shown in Ta-
ble 1. The errors on individual data points vary be-
tween 0.005 mag to 0.015 mag.

At attempt to construct a phase curve it was found
out, that the period P=3d.26268 offered by authors
(Hoffman et al., 2009) is not absolutely exact. It
was required to pick up new value of the period
P=3d.262215 that individual light curves of primary
eclipse, received throughout 6 years have coincided
(Vstar software, Benn). The summary phase light
curve NSVS 8213217 with new adjusted period are
shown on Figure 2.

This curve was computed from elements:

Min HJD=2455700.196 + 3.262215× E

and belonged to eclipsing binary variable EA. The ini-
tial epoch was measured from individual and sum-
mary curves of minima. The primary minimum is deep
(about 0.7 mag), the secondary is not deep (about 0.1
mag) in V filter. There are 165 observations of NSVS
8213217 in Northern Sky Variability Survey (Woz-
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Figure 2: The phase light curve of NSVS 8213217.

Figure 3: The phase light curve of NSVS 8213217 from
this papers (top) and from NSVS data (bottom).

niak, 2004). The joint phase variation light curves
from NSVS data of 1999-2000 years and our 2011-16
years, plotted with the same adjusted light elements
are shown on Figure 3. This period has appeared avail-
able for all observations.

3. Conclusions

From photometric CCD observations it is found out:
1. The new suspected variable star NSVS 8213217 is
Algol-type eclipsing binary EA.
2. New adjusting period and light element was re-
ceived.
3. The period of light variation is stable during last 16
years.

Table 1: The times of observations NSVS 8213217

Time HJD Number of frames

2455733.328 - 2455733.423 66

2455735.374 - 2455735,483 26

2455792.312 - 2455792.475 129

2455793.316 - 2455793.514 137

2455802.361 - 2455802.417 86

2455821.331 - 2455821.387 88

2455822.316 - 2456822.448 85

2455824.214 - 2455824.456 176

2455825.224 - 2455825.377 115

2456156.358 - 2456156.561 140

2456158.289 - 2456158.493 151

2456180.316 - 2456180.477 95

2456181.232 - 2456181.458 163

2457547.396 - 2457547.532 85

2457548.334 - 2457548.530 119

2457592.319 - 2457592.355 23

2457593.297 - 2457593.465 105

2457594.302 - 2457594.533 138

2457595.376 - 2457595.502 79

2457596.294 - 2457596.544 135

2457606.341 - 2457606.521 112

2457608.341 - 2457608.546 144

2457655.244 - 2457655.359 70

2457657.198 - 2457657.409 99

2457658.199 - 2457658.227 14

2457665.188 - 2457665.413 133

2457666.193 - 2457666.319 69

2457667.192 - 2457667.370 97
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EFFECTIVE TEMPERATURE AND RADIAL VELOCITY OF

THE SMALL–AMPLITUDE CEPHEID POLARIS (α UMi) IN 2015

I. A. Usenko1,2, V. V. Kovtyukh1, A. S. Miroshnichenko3, S. Danford3

1 Astronomical Observatory, Odessa National University, Shevchenko Park,
Odessa 65014, Ukraine, igus99@ukr.net

2 Mykolaiv Astronomical Observatory, Mykolaiv 54030, Ukraine
3 Dept. of Physics and Astronomy, University of North Carolina at Greensboro,
Greensboro, NC, USA

ABSTRACT. We present the results of an anal-
ysis of 21 spectra of α UMi (Polaris) obtained in
September – December 2015. Frequency analysis
shows an increase of the pulsation period up to 8.6
min in comparison to the 2007 observational set. The
radial velocity amplitude comes to 4.16 km s−1, and
it approximately twice the one found in 2007. The
average Teff = 6017 K, and it is close to the value
determined for the 2001–2004 set. Therefore Polaris
moves to the red edge of the Cepheid instability strip
(CIS).

Key words: Stars: radial velocities; Cepheids:
overtone pulsations; Cepheids: companions; Cepheids:
α UMi

1. Introduction

Polaris is the nearest Cepheid to us in the Galaxy.
Being a small-amplitude pulsator (DCEPS) it has some
specific features which testify about its peculiar char-
acter:

1. An abrupt decrease of the pulsation amplitude
during forty years (5–6 km s−1 before 1950 (Roe-
mer, 1965) to 0.05 km s−1 in the 1980’s (Fernie,
Kamper & Seager, 1993)) and the beginning of
its increase during the next 20 years (Dinshaw et
al. 1987; Hatzes & Cochran 2000; Kamper 1996;
Bruntt et al. 2008; Lee et al. 2008), – from 1.5
km s−1 in 1987 to 2.4 km s−1 in 2007.

2. According to Turner et al. (2005), both pho-
tometry and radial velocity data taken in 1896–
2004 suggest an increase of the pulsation period
by 4.45±0.03 s yr−1 (from 3.966942 to 3.970691
days), except for a short-term slowdown of
4.28±0.73 s yr−1 in 1963–1966. The period in-
crease is an evidence of Polaris’ redward crossing

of the Cepheid instability strip (hereafter CIS).
According to Lee et al. (2008), the pulsation pe-
riod increased up to 86 seconds in 2005–2007 (from
3.973000 to 3.97394 days), while the pulsation am-
plitude increased to 2.2 km s−1.

3. Previous frequency analyses of the radial velocity
data sets of 1987/88 (Dinshaw et al., 1989),
1992/93 (Hatzes & Cochran, 2000), Kamper
(1996), Lee et al. (2008) revealed the presence of
additional periods of 45.3, 40.2, 34, and 119 days,
respectively, in addition to the main pulsation
period of 3.97 days. These additional periods
have been explained by the rotation of Polaris,
existence of cool or macroturbulent velocity spots,
or non-radial pulsations.

2. Observations and frequency analysis

Twenty one spectrum were taken in September–
December 2015 with the 0.81m telescope of the Three
College Observatory (TCO), located in central North
Carolina, USA. They were obtained with an échelle
spectrograph manufactured by Shelyak Instruments1

in a spectral range from 4250 to 7800 Å with a spec-
tral resolving power of R ∼ 10000. There are no gaps
between the spectral orders. The data were reduced
using the échelle package in IRAF.
The DECH30 package (Galazutdinov 2007) allows

to measure the line depths and radial velocities using
spectra in FITS format. Lines depths were used to
determine the effective temperature (a method based
on the spectroscopic criteria, Kovtyukh 2007). Derived
values of the Teff and radial velocity for each spectrum
are given in Table 1.
In the next step we used the PERIOD04 program

(Lenz & Breger, 2005) to calculate a Fourier power

1http://www.shelyak.com
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Table 1: Observational data of α UMi
HJD Teff Phase RV (km s−1)

2450000+ K Metals NL Hα Hβ Hγ

7283.656 6083±15 0.854 –17.57±1.48 149 –19.27 –17.18 –17.20
7284.715 6059±23 0.120 –19.10±1.63 139 –20.12 –17.79 –17.73
7311.627 6048±20 0.890 –11.93±1.38 104 –11.27 –10.04 –10.93
7312.630 6064±20 0.142 –18.73±1.71 114 –19.50 –17.67 –16.97
7313.632 6007±15 0.394 –15.00±1.59 129 –16.72 –15.51 –15.20
7314.583 5997±16 0.633 –15.83±1.19 119 –16.43 –14.96 –15.93
7316.650 6070±17 0.153 –18.19±1.72 121 –19.31 –17.13 –17.44
7317.625 5967±16 0.398 –15.52±1.56 91 –16.44 –14.48 –14.81
7318.599 6001±18 0.643 –14.93±1.29 118 –15.57 –14.18 –15.27
7319.535 6077±16 0.879 –17.36±1.36 118 –18.90 –16.85 –17.11
7337.676 5962±17 0.442 –16.08±1.08 132 –17.69 –15.21 –16.11
7338.548 6006±19 0.661 –15.35±1.67 125 –16.09 –14.61 –14.35
7339.657 6025±20 0.940 –18.54±1.45 141 –20.36 –17.74 –17.90
7340.667 6037±15 0.194 –17.65±1.35 134 –19.13 –16.87 –17.36
7343.559 6058±18 0.922 –18.55±3.36 139 –20.42 –18.33 –17.77
7349.546 5990±14 0.428 –15.15±1.37 138 –16.73 –14.34 –15.01
7350.581 6034±16 0.688 –14.43±1.62 123 –15.59 –15.06 –14.38
7365.541 6025±17 0.451 –15.14±1.47 147 –15.71 –14.34 –14.72
7366.563 5973±19 0.708 –15.20±1.52 121 –15.94 –14.26 –14.42
7372.638 5975±15 0.236 –17.76±1.48 154 –19.27 –17.18 –17.20
7376.586 6022±14 0.229 –16.60±1.34 161 –18.27 –15.92 –12.20

Phase is calculated using the ephemeris (1)

NL represents the number of metal lines whose radial velocities were measured

spectrum. It uses the Fourier and Fast Fourier Trans-
form analysis with minimization of residuals of sinu-
soidal fits to the data.
The power spectrum was calculated over the fre-

quency range 0–1 d−1 with a resolution of 0.00002
d−1. The highest amplitude of 1.70 corresponds to
a frequency of 0.25126439 d−1, or 3.97987156 days,
respectively. This period exceeds by 8.5 minutes the
period of 3.97394 days determined from the 2007
observational set. The systemic velocity (γ – velocity)
is equal to −16.70 km s−1.

The following ephemeris has been computed based
on the radial velocity values:

RVmin = HJD 2457284.237 + 3.97987156× E (1)

The radial velocity data for each spectrum folded
with this period are given in Table 1.
The radial velocity and effective temperature of Po-

laris are shown in Figures 1 and 2 (data from the last
three months of 2015).
The data were fitted with the sinusoidal curves.

However, one value of −11.93±1.3 km s−1 obtained
on HJD 2457311.627 was excluded from the analysis.
According to this approximation, the mean amplitude
of the radial velocity curve is 4.16 km s−1.
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Figure 1: The radial velocity variations of Polaris dur-
ing its pulsation period.

3. Summary

1. As seen from the results of our observations, the
pulsation period of Polaris shows a considerable
increase in comparison with estimates obtained in
2007 (Lee et al., 2008). This fact confirms the
assumption that Polaris is moving to the red edge
of the CIS;

2. The mean amplitude of the radial velocity nearly
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Figure 2: Teff of Polaris during its pulsation period.

doubled during the last eight years in comparison
to the 2007 observations by Lee et al. (2008).

3. The effective temperature of Polaris for this data
set averages 6017 K. This value is close to 6015 K
determined for the set of 2001–2004 data (Usenko
et al., 2005).
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ABSTRACT. Spectral monitoring of the flare star YZ 

CMi (U = 12.9, B = 12.7, V = 11.1) was carried out on the 
Zeiss-600 telescope at the Peak Terskol Observatory. We 
used a low resolution grating spectrograph with spectral 
resolution of ~ 100 Å and time resolution from 2 to 30 s. 
The spectra of the star in the quiescent state show variabil-
ity in the lines Hβ, Hγ, Mg b, possibly in CaII K + Hε. 
Variations of the equivalent widths of the order of several 
percents were detected. The characteristic time of varia-
tions is about of a few minutes. The observed variations 
indicate the non-stationary activity of the flare star YZ 
CMi chromosphere in the quiescent state. 

Keywords: Stars: variability – methods: statistical – stars: 
late-type 
 
 

1. Introduction 
 
Red dwarf star YZ CMi (dM 4.5e, R = 0.36 Rsun, M = 

0.34 Msun, T = 2900 K) is one of the most bright and ac-
tive flare star. According to the Crimean catalog of flare 
stars (Gershberg et al., 1999) optical photometry of flares 
contained in 164 articles, optical spectra of flares de-
scribed in 55 papers. Studies of the star at quiescence state 
are practically absent. 

In this paper, we show that the star YZ CMi demon-
strates activity in the quiescent state. Activity appears in 
variations of chromospheric lines, in particular in lines of 
the triplet of magnesium Mg b (λ5167, λ5173, λ5184 Å) 
with amplitude of oscillation of about 2%. Fluctuations 
are quasi-periodic in character, in the period range from 
40 to70 seconds during the observation time of about 15 
minutes. 

 
2. Observations 

 
An array of 500 spectra of YZ CMi and two compari-

son stars has been obtained with a low resolution grism 
spectrograph (Zhilyaev et al. 2012) mounted on the Zeiss 
600 telescope, at the Peak Terskol Observatory, on No-
vember 6, 2009. A spectral resolution was about of 100 
Angstroms and a time resolution of 2.78 seconds. Aver-
aged spectra of YZ CMi at quiescence and two compari-
son stars are shown in Fig. 1. 

 

3. Results 
 

The Allan power spectra for YZ CMi (Fig. 2) demon-
strates high-frequency activity in the lines of chromos-
pheric hydrogen Hβ, Hγ and perhaps in Hε and Ca II K 
(3968 Å), and in the triplet of magnesium Mg b (5168, 
5173, 5184 Å). The amplitude of the variations in the lines 
of Mg b, determined by Fourier power spectrum is about 
2.2% (0.02 magnitudes). 
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Figure 1: Averaged spectra of YZ CMi and two compari-
son stars. 
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Figure 2: The Allan power spectra of YZ CMi and a refer-
ence star. 
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Figure 3: The wavelet power spectra of YZ CMi and 
comparison stars. 

 
 
 
The Allan power spectrum is equal to power spectrum 

of variation (dispersion Σ2) relative to an average value of 
intensity. To calculate the spectrum the first differences of 
intensities in the spectra array are used (Zhang X. et al., 
2008). For a Poisson random process, this ratio is equal to 
one. In the magnesium lines it is twice as large as can be 
seen in Fig. 2. The comparison star shows no variations in 
the power spectrum. 

The wavelet power spectra of  YZ CMi  (Torrence et 
al., 1998, Fig. 3, top panel) and the comparison stars (mid-
dle and bottom panels) shows line intensity oscillations in 
chromospheric lines of triplet magnesium 5158Mg b 
(5168 - 5184 Å). YZ CMi for 15 minutes shows intensity 
oscillations with a period on average of about 50 seconds. 
Contours in the spectra correspond to significance levels 
of 90, 95, 99 % and more. The mentioned harmonic in the 
spectra of comparison stars are absent. 

The time resolution in the wavelet power spectra is 
about of 100 seconds. Zug of oscillations of YZ CMi 
shows variations of oscillation period from 30 to 70 sec-
onds. Thus, it is possible to estimate the average oscilla-
tion period of about 50 seconds. The relative amplitude of 
the oscillations is ΔI / I = 2.2%. 

Fig. 4 demonstrates the global wavelet power spectrum 
of YZ CMi (Torrence et al., 1998), the Fourier power 
spectrum and the global wavelet power spectra of com-
parison stars. The power spectra of the comparison stars 
show the spectrum of the normal white noise, which has a 
chi-square distribution with two degree of freedom. The 
average value of the noise spectrum equals two. The value 
of the global wavelet power spectrum of YZ CMi at the 
maximum is equal to 5.65 and corresponds to the confi-
dence level of 94%.  

Thus, using the wavelet analysis we detected quasiperi-
odic pulsations of the chromospheric magnesium triplet 
lines with period of about 50 sec for a time of observation 
of 900 sec.  
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Figure 4: The global wavelet power spectrum of YZ CMi 
(thick line), the Fourier power spectrum (thin line) and the 
global wavelet power spectra of comparison stars (circles 
and squares). 

 
 
4. Diagnosis of oscillations 
 
As part of the solar-stellar analogy, we can assume that 

the oscillations could be caused by the excitation of mag-
netohydrodynamic (MHD) oscillation of the flare loop 
(Stepanov et al., 2005). Plasma heating by MHD 
oscillations at the footing of the flare loop leads to the 
observed pulsations of YZ CMi in the optical range. 

The diagnostic method of Stepanov et al. (2005) allows 
estimating the temperature, concentration of plasma and 
the intensity of the magnetic field of coronal loops from 
the observed characteristics of the light oscillations: the 
period, the modulation depth and decay time. 

Clearly, there may be several coronal loops with 
different characteristics, which give rise to variations of 
the chromospheric lines of YZ CMi with different 
frequencies and decay time. 
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ABSTRACT. In this paper astronomical two-matrix 
photometer is described. It differs from common one CCD 
camera photometers by using the second CCD camera. It 
enables simultaneously to carry out the studied star and 
standard star light inputs measurements. The second 
camera application enables significantly to increase 
measurements accuracy and at least twice time decrease of 
one star observation. The significant increase of 
measurements accuracy is reached by carrying out 
simultaneous observations, and errors caused by the Earth 
atmosphere fluctuation are the same as for studied star so 
for standard star. Time decrease is reached by carrying out 
both stars simultaneous observations.  

In the paper photometer’s optical mechanics scheme is 
given. The motion mechanism of receiving and recording 
block with micrometer screw rotated by stepping motor is 
described. It is demonstrated that exact coordinates of 
matrix position attached to clutch on micrometer screw 
are shoot by absolute magnetic encoder.   

The applied two-matrix photometer control system 
electronic equipment is described. The photometer 
operation control algorithm installed on Tien-Shan 
astronomical observatory 1-meter telescope is presented.  

Key words: star, telescope, photometer, CCD-matrix, 
optical mechanics scheme, control system. 

 
1. Introduction 
 
In conducting astrophotometrical observations it’s 

important to carry out measurements of the studied star 
and standard star simultaneously. But practically standard 
star is always located in some distance from the studied 
star so even in using CCD camera with maximum sizes 
(50х50 mm), it doesn’t arrive at the emission receiver 
(matrix). All known photometers (for example, Liutyi et 
al. 2009) apply one matrix. Therefore observations are 
carried out separately (in order). Firstly, separate 
measurement worsens measurements accuracy due to 
different fluctuations over time in the Earth atmosphere, 
secondly, increases observational time on photometry of 
each studied object separately. This disadvantage can be 
eliminated only in simultaneous measurement of the 
studied star and standard star then atmosphere fluctuations 
effect will be the same on two stars. 

Apart from in astrophysics there is a number of 
important tasks which can't be solved or difficult to solve 

with existing photometers. For example, in astroseismic 
observations of faint objects, searching exoplanets and a 
number of other tasks where the studied star variations in 
brightness are small and fluctuations in the Earth 
atmosphere don’t enable to conduct measurements or 
strongly distort them. In order to reveal such variations in 
light long-term observations applying complex 
mathematical analysis (e.g. Fourier analysis) are carried 
out. However, many such kind of tasks can’t be solved by 
using one-matrix photometers and they aren’t simply 
solved. In one-matrix photometers these variations in 
brightness “sink” in atmospheric fluctuations noises. 

Thus, development of two-matrix photometer and 
putting it into the process of astronomical observations 
enable: 

1. significantly to increase photometrical measurements 
accuracy due to conducting the studied star and standard 
star simultaneous observations; 

2. to decrease twice the time of observations and, 
hence, more than twice improve observational time 
effectiveness on telescope;  

3. to solve a number of tasks which are impossible to 
do with one-matrix photometer and extend the range of 
studied objects. 

 
2. Equipment structure and algorithm of control 
 
Development, manufacturing and adjustment of 

photometer optical-mechanical connection joint, 
electronic control schemes and software were required for 
creating astronomical two-matrix photometer.          

Two one-meter telescopes of Tien-Shan astronomical 
observatories (TSAO) have Ritchey-Chrétien system 
which enables to create a big undistorted field in the 
telescope focus that gives additional advantages for two-
matrix photometer operation.   

One of CCD-matrix (main) is installed on telescope 
main optical axis from which the studied star 
measurements are carried out. The light flow from 
standard star with the help of diagonal mirror “placed out” 
onto photometer side surface with turn at 90° (degrees). 
Connection joint consisting of diagonal mirror, filters and 
CCD-matrixes is gathered into one optical block and has 
the possibility to move telescope focal plane on one of 
coordinates. Moving on the second coordinate is provided 
by photometer turn on telescope turning circle. This 

Odessa Astronomical Publications, vol. 29 (2016) 105

 
DOI: http://dx.doi.org/10.18524/1810-4215.2016.29.85068 



responds to that standard stars can locate towards the 
studied star at different distances and in various positioned 
angles. Moving the second CCD-matrix in two directions, 
it’s practically always possible to direct with coordinates 
onto standard star.  

Optical scheme of photometer main channel (for the 
studied star observations) with Apogee U10 CCD-camera 
is presented in Fig. 1.   

In the second channel simple matrix without cooling can 
be used. As standard star brightness is always higher so less 
sensitive CCD-receivers can be applied which have small 
sizes and weight. Small sizes and weight are essential, as 
optical block with matrix must move inside (relatively) 
photometer.  The second channel mechanism of matrix 
moving operation principle is the following: with micro 
screw which has worm gear and is rotated with (SE) moves 
optical block with diagonal mirror, filters and CCD-matrix 
in one direction up to 14 cm with the possibility of crossing 
telescope main optical axis (MOA). In crossing telescope 
MOA there is appeared the possibility of both matrix 
testing and to determine instrumental recovery. Accurate 
coordinates of optical corrections block position is 
determined with absolute magnetic encoder which is hardly 
connected with micro screw (connected with micro screw 
from opposite side of SM).  

 

 
 

Figure 1: Optical scheme of photometer main channel 
 
 

3. Electronic apparatus of two-matrix photometer 
control system (TMPCS) 

 
In Fig. 3 TMPCS structural scheme is given. 
Two-matrix photometer hardware structure includes the 

following components: 
1. Micro controller platform of ARDUINO UNO (Petin 

2015) type which is simply called  microcontroller (MC) 
serves as the central control link. In fact, Arduino Uno 
model is the device on the basis of ATmega328 
microcontroller. ATmega16U2 microcontroller provides 
the connection of receiver-transmitter with computer 
USB-port and in switching on to PC it enables Arduino to 

be defined as virtual COM-port. 16U2 micro scheme 
weaving uses standard USB-COM driver therefore 
external drivers installation isn’t required. At Windows 
platform only appropriate .inf-file is needed. 

2. Electromechanical node (EMN) consists of 25 cm 
long micro screw which moves optical block consisting of 
diagonal mirror, turrets with filters and CCD-2 matrix. 
Moving is carried out with step engine (SE) which 
rotating micro screw moves optical block from the second 
matrix with installation accuracy up to 0.05 мкм. SE 
control (Kenio  1987) is carried out with A3967 
EasyDriver V4.4. Driver control is carried out from 
Arduino controller with special programs.  

3. As all telescope electronic nodes are connected with 
distributed net and are in significant distance then all 
nodes are connected with RS-485 
[www.radiomedtech.ucoz.ru//RS-485.pdf] converters. RS-
485 is chosen by us as it can lead up to 32 receivers with 
communication speed by specification up to 10 Mbd/sec 
at distance up to 1200 m.  

 
 

 
 

Figure  2:  Optical-mechanical scheme of photometer 
second channel 

 
4. Micro screw angle turn sensor (encoder) is used for 

carrying out the right system positioning and conducting 
the control at optical block moving from the second 
matrix in TMPCS.  Baumer Electric CH-8501 absolute 
magnetic encoder which peculiarity is in saving angle turn 
data in voltage falling or disappearing, or in computer 
reboot is used as angle turn sensor.  If in de-energized 
state the encoder shaft was turned onto definite angle or 
some number of turns so in voltage appearing encoder 
immediately gives shaft new actual angle position and 
factual number of turn. Thanks to this it isn’t required 
after every switching on the system to produce moving of 
machine mechanical parts onto start-up position that is 
absolute encoders inarguable advantage.  
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Figure  3:  Structure of two-matrix photometer control system structure  
 
 
 
5. Protection scheme includes mechanism of final 

switchers on both boundaries of optical block acceptable 
to move on micro screw which prevents mechanical 
breakdown and gives MC signal about reaching moving 
boundaries. 

6. Manual control scheme enables to carry out button 
reset into initial position, gives commands on moving and 
movement direction option in testing mode.  

 
4. Algorithm of diagonal mirror moving control 

from MC 
 

Software development is based on using Arduino 
(Sommer, 2015) development medium and contains the 
following main elements: text editor for writing a code, 
area for messages output, text console, toolbar with 
traditional buttons and main menu. This soft enables 
computer to interact with Arduino as for data transmission 
so for weaving the code into the controller.  

In figure 4 algorithm flowchart of diagonal mirror 
moving control from MC is shown. In this algorithm of 
encoder code and final switcher values are used for 
reverse, the second matrix optical block moving is carried 
out with discrete steps which are alternated with periods 
of long home stations during which photometrical 
information about stellar objects picking up takes place. 
Movement control depends on triggers value 
“Movement” and “Direction” (moreover, MC definite 
output port bits are implied as these triggers), and discrete 
micro steps a number of which is given by programming 
subtracting counter and is defined by necessary moving 
accuracy. 

5. Conclusion 
  
The developed two-matrix photometer is the 

astronomical measuring engine used in photometrical 
observations. Measuring engine distinctive feature lies in 
possibility to carry out simultaneous measurements of  
light flow from the studied star and standard star with 
increasing measurements accuracy and within less time.  

Astronomy is the field of two-matrix photometer 
advantageous application: for researches of natural and 
artificial celestial objects. 
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Figure 4:  Algorithm of diagonal mirror moving control from MC  
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ABSTRACT. The data-oriented astronomy has allowed 
classifying the Astroinformatics as a new academic re-
search field, which covers various multi-disciplinary ap-
plications of the e-Astronomy. Among them are the data 
modeling, data mining, metadata standards development, 
data access, digital astronomical databases, image ar-
chives and visualization, machine learning, statistics and 
other computational methods and software for work with 
astronomical survey and catalogues with their teta- to 
peta-scale astroinformation resource.  

In this review we describe briefly the astroinformatics 
applications and software/services performed for different 
astronomical tasks in frame of the VIrtual Roentgen and 
Gamma Observatory (VIRGO) and Ukrainian Virtual Ob-
servatory (UkrVO). Among them there are projects based 
on the archival space-born data of X-ray and gamma space 
observatories and on the Joint Digitized Archive (JDA) 
database of astroplate network collections. The UkrVO 
JDA DR1 deals with the star catalogues (FON, Polar zone, 
open clusters, GRB star fields) as well as the UkrVO JDA 
DR2 deals with the Solar System bodies (giant and small 
planets, satellites, astronomical heritage images).  
 
Keywords: Astroinformatics: methods – Star catalogues –  
Galaxies – High-energy astrophysics 
 

1. Introduction 
 
Astroinformatics is introduced as the new data-oriented 

approach and advanced methodology for processing as-
tronomical survey and catalogues with their teta- to peta-
scale astroinformation resource. Space observatories and 
ground-based telescopes provide a large volume of data 
over entire electromagnetic spectrum. Technical architec-
ture (user layer, VO core layer, resource layer) for proc-
essing this resource was proposed by the IVOA Executive 
Committee. Such approach allows easy access to the 
metadata due to the interoperability between different 
astronomical archives and data centers. 

“Many scientific disciplines are developing formal sub-
disciplines that are information-rich and data-based, to such 
an extent that these are now stand-alone research and aca-
demic programs recognized on their own merits. In astron-
omy, peta-scale sky surveys will soon challenge our tradi-
tional research approaches and will radically transform how 
we train the next generation of astronomers, whose experi-
ences with data are now increasingly more virtual (through 

online databases) than physical (through trips to mountain-
top observatories). We describe Astroinformatics as a rig-
orous approach to these challenges” (cited by “Astroinfor-
matics: A 21st Century Approach to Astronomy”, Borne et 
al., 2009; see, also, Eastman et al., 2005; Gray et al., 2005; 
Butler, 2007; Cavuoti S., 2012; Vavilova et al., 2012a; 
Goodman et al., 2012; Borne, 2013; Brescia & Longo, 
2013; Norris et al., 2013; Ruiz et al., 2014). 

We note the WDC-Ukraine, which is a part of World 
Data Center System of the International Council of Sci-
ence (ICSU). Among the basic tasks of WDC-Ukraine 
there is collection, handling and storage of science data 
and giving access to it for usage both in science research 
and study process. That include contemporary tutoring 
technologies and resources of e-libraries and archives; 
remote access to own information resources for the wide 
circle of scientists from the universities and science insti-
tutions of Ukraine. The resource of WDS-Ukraine is 
mainly used for geo-informatics, space weather, and astro-
informatics projects. 

The crucial role in promulgating new methods and ser-
vices into the broader astronomy community belongs to 
the International Virtual Observatory Alliance (IVOA). At 
the beginning of the era of big data it initiated a creation 
of the national virtual observatories and development of 
the infrastructure of astronomical data center. Such cen-
ters give to users handy tools for data selection from large 
astronomical catalogues for a relatively small region of 
interest in the sky (see, for example, for GOODS: Giaval-
isco, 2004; for SDSS: D'Abrusco, 2007; “The National 
Virtual Observatory: Tools and Techniques for Astro-
nomical Research, 2008), data standards and services for 
image processing (likely to Aladin)  and manuals for proc-
essing the raw space-born data of various space missions 
(Chandra, XMM-Newton, Swift, NuStar, WISE, Kepler, 
GAIA, etc.). Besides the virtual observatories there are 
other sources for public outreach, for example, the well-
known Astrostatistics and Astroinformatics Portal 
(ASAIP, http://asaip.psu.edu) (Feigelson, 2013; Feigelson, 
Hilbe (2014)); China Virtual Observatory Portal (Chen-
zhou et al., 2012), Euro-VO (Buddelmeijer, 2013), Russia 
VO (Klipio et al., 2003); Data centers and systems as 
NED, HEASARC, SkyHound, NStED, SIMBAD, Plane-
tary DS, and other (for a brief review on the multi-wave 
length surveys, see, Michaelian, 2016).  

Ukraine Virtual Observatory (UkrVO) has been an 
IVOA member since 2011 (http://ukr-vo.org/). The cur-
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rent UkrVO concept supports development of astro photo 
plate archives in the form of direct images of certain sky 
areas and celestial objects, as well as the spectra of celes-
tial objects for multi-wave length studies of their proper-
ties (Vavilova et al., 2012b, 2014).   

Virtual observatory VIRGO.UA for cosmology and 
high-energy astrophysics is a segment of VO “Infrastruc-
ture”, which deals with ensuring the provision of stan-
dards for Grid Services for virtual organizations 
(http://virgoua.org/).  

In this review we describe briefly the astroinformatics 
applications and software/services performed for different 
astronomical tasks in frame of the Ukrainian virtual ob-
servatories – VIRGO and UkrVO. 

 
2. Virtual Roentgen and Gamma Observatory 

(VIRGO) data center and services 
 
Despite the overall success of the project VIRGO, num-

ber of Ukrainian astronomers who use the data of X-ray 
and gamma-ray observatories is still small. To overcome 
this problem, a web-based virtual observatory VIRGO 
(http://skyview.virgoua.org) as a "sky map" was devel-
oped (Figure 1). It allows visualizing the distribution pa-
rameter (intensity of signal, etc.) in space and the range 
energies setting by the user. From the analysis of such a 
large number of web interfaces it can be noted that the 
main progress in their development is associated with eas-
ier access to data and improve their visualization. Besides 
these two aspects, it was introduced a new approach to the 
quality of data provided by the user. In our opinion, one of 
the main reasons that an obstacle to the use of data in sci-
entific studies, there is uncertainty value bias, which is 
usually not considered by the available standardized soft-
ware. One of the examples of using these sky maps in 2–5 
and 5–10 keV range with a public database of X-ray ob-
servations by XMM-Newton is a search of the dark matter 
decay line (Boyarsky et al., 2014; Savchenko, 2014: Ya-
kubovsky et al., 2015).  

 

 
Figure 1: Screenshot of the interface “XMM-Newton sky 
map” (http://skyview.virgoua.org) from the VIRGO web-site. 

The possibility of combining observational data ob-
tained by ground-based telescopes and space observatories 
allows analyzing multi-wave physical properties of celes-
tial bodies in more holistic measure. With this aim we 
prepared the new specially-oriented astro-space databases 
obtained with ground-based telescopes and space observa-
tories. As a result, multi-wavelength spectral and physical 
properties of galaxies and galaxy clusters were analyzed 
in more details. These samples are as follows: 

1) to study the spectral properties of quasars and the dis-
tribution of matter in intergalactic scales using Lyα forest 
(Ivashchenko et al., 2014; Torbaniuk O., :2015,:2016): 

• sample of 3535 quasars from the SDSS DR7, redshift 
2.3<z<4.6; spectrum of a good quality (high signal to 
noise ratio), available in the spectral view of the sky; 

• sample of 33 quasars with z>2, with high resolution 
spectra in publicly accessible ESO base; 

• sample of 102643 quasars from the SDSS DR10 (in-
cluding the sample “for composites” – 65976). Other ob-
jects: 11192 quasars with broad absorption lines (BAL); 
6804 quasars with DLA- systems; 1248 quasars with ab-
sorption lines in Lyα; 493 quasars in line with the absorp-
tion Lyβ; 20 “normal” galaxies or galaxies with star-
formation; 617 quasars with properly defined redshift; 
1507 objects, whose spectra have low signal-to-noise (im-
possible to identification); 417 incomplete spectrum (for 
example, there is only part of the spectrum); 191 blazar’s 
candidate;  

2) to study galaxies (including with active nuclei) in 
spite of their evolution and formation of large-scale struc-
tures in the Universe as well as the influence of the envi-
ronment on the internal parameters of galaxies:  

• sample of about 260,000 galaxies from SDSS DR9 up 
to z<0.1 to study their properties depending on environ-
ment, star-formation etc. (Dobrycheva, 2013; Dobrycheva 
et al., 2012, 2014, 2015); 

• sample of 1429 active galactic nuclei (AGN) type I, 
123 AGNs of type II, 10 BLRGs from SDSS DR7 with 
0.1<z<1.1 in the field of view WiggleZ (Ivashchenko et 
al., 2015); and blazars (Vol’vach et al., 2011); 

• sample of 95 AGNs selected from the 22-month 
Swift/BAT all-sky survey and spectra for these objects 
from XMM-Newton and INTEGRAL/IBIS in 0.5-250 
keV (Vasylenko et al., 2015);  

• sample of 62 2MIG isolated galaxies with active nu-
clei to z<0.05 (Chesnok et al., 2009; Chesnok, 2010; Pula-
tova et al., 2015), which is considering as unique for rec-
ognizing their internal multiwavelength properties and 
physical parameters of accretion on the supermassive 
black holes outside of the environment.  

3) to test cosmological parameters and the evolution of 
matter in a wide range of age of the Universe. The nature 
of dark components Universe – dark matter and dark en-
ergy – is one of the major challenges of modern cosmol-
ogy. For this purpose, the key is the data on the CMB ani-
sotropy obtained by WMAP and Planck, and data on the 
large-scale structure of the universe. Last baryon acoustic 
oscillations (BAO) include power spectra of galaxies, gal-
axy clusters, and Lyα-forest. However, information on the 
optimum cosmological model is important for data analy-
sis of extragalactic observations. 
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Figure 2: Screenshot of the interface of the UkrVO Joint 
Digitized Archive of astroplates, N=46 607 up to the cur-
rent date (http://gua.db.ukr-vo.org/archivespecial.php; see, 
also, http://www.skyarchive.org  for the wide-field astro-
plate database). 

 
 

 
Figure 3: UkrVO Joint Digitized Archive of astroplates: 
distribution by years of observations. 

 
 
• sample of about 130 galaxy clusters at z<2 observed 

by “Chandra” and other X-ray observatories (Babyk et al., 
2014; Babyk, 2016) for determining a visible and dark 
matter content in galaxy clusters; 

• sample of the power spectra of CMB temperature fluc-
tuations obtained in space experiments WMAP (WMAP9) 
and Planck, supplemented by data on the CMB polariza-
tion; sample for measuring the Hubble constant with HST; 
sample for BAO from SDSS DR7, DR9 and 6dF [12]; the 
power spectra of galaxies from WiggleZ Dark Energy 
Survey; the distance to SN Ia from compilations of 
SNLS3 and Union2.1. It was obtained that a combination 
of data sets, which include BAO data, – Data Planck2013 
+HST+BAO+SNLS3 – gives the most accurate determi-
nation of cosmological parameters from the narrowest 
confidence intervals (Novosyadlyj et al., 2014; Sergijenko 
et al., 2015). 

 
3. UkrVO Joint Digitized Archive of Astroplates 
 
The UkrVO’s development allows us 1) to save the 

unique astronomical observational heritage accumulated 
in observatories of Ukraine from the 1890-ies; 2) to open 
the wide on-line access to the joint database of digitized 
astronomic negatives and spectra for the national/foreign 

 
Figure 4: UkrVO Joint Digitized Archive of astroplates: 
distribution by research fields. 

 

 
Figure 5: UkrVO Joint Digitized Archive of astroplates: 
distribution of astroplates over the sky (41,000 observa-
tions conducted with 32 telescopes of 20 to 412"/mm;  
exposure time is from 1 s to 1.5 h). 

 
scientific community. The current state is available at the 
UkrVO web-site. At the initial stage, this task concluded 
in the creation and development of the Joint Digital Ar-
chive (JDA) of photographic observations. The total num-
ber of photographic plates in the UkrVO collection ex-
ceeds 300 thousands, including not only the positional but 
also the spectral and photometric observations. The cur-
rent JDA version includes, at mainly, the positional obser-
vations of various celestial bodies.  About 125,000 astro-
plates (Ukrainian Plate Archives) are included in the 
Wide-Field Plate Database by Tsvetkov M. (Kolev et al., 
2012) (http://www.wfpdb.org/catalogue.html).  

A preliminary processing of the digitized images of as-
troplates was done with a MIDAS/ ROMAFOT special 
software: registration of objects till 16m, determination of 
pixel coordinates and photometric values (Protsyuk et al., 
2014a, 2016). The errors of Epson scanners arising during 
processing the astroplates were tested in works by Golov-
nya et al. (2010), Protsyuk et al. (2014b, 2014c). They are 
equal to σx,y = ± 0.02-0.06 px and σm = ± 0.015-0.024 mag 
for astrometry and photometry, respectively. Another soft 
ware was developed for obtaining the equatorial coordi-
nates and magnitudes of objects on the digitized astro-
plates (see, in detail, Andruk et al., 2015b).  

Now the UkrVO JDA gives access to ~50,000 digitized 
astroplates of a good quality (its interface is illustrated in 
Figure 2). The UkrVO JDA Data releases, which were 
performed by scientists from Kyiv, Mykolaiv, Odesa, 

Odessa Astronomical Publications, vol. 29 (2016) 111



L’viv and Crimea including those in a tight international 
cooperation, are in a final stage for issuing. UkrVO Data 
Release 1 deals with the star catalogues (FON, Polar zone, 
open clusters, GRB star fields). UkrVO Data Release 2 
deals with the Solar System bodies (giant and small plan-
ets, astronomical heritage images). Source of these data: 
the digitized astroplates, which were organized as the Uk-
rVO JDA database of astroplate network collections of 
different institutions as owners of these collections.  

The histograms of a number of the digitized astroplates 
by years and by research fields, as well as distribution of 
objects over the sky are given in Figures 3-5, respectively. 

 
3.1. UkrVO JDA Data Release 1: Star catalogues 
 
Aforementioned software was tested many times and 

applied for creation of new catalogues and samples with 
different purposes (Andruk et al, 2015a, 2015b;. Kazant-
seva et al, 2015;. Muminov et al, 2016;. Muminov et al,. 
2017; Protsyuk et al, 2014d;. Yatsenko et al, 2011; Yiz-
hakevych et al, 2014, 2015). 

Catalogue of the equatorial coordinates and the B-
values of stars of a Kyiv part of the FON program. 
This catalogue contains 19,568,347 stars and galaxies to 
B ≤ 16.5m for the 1988.1 epoch (Andruk et al., 2016a, 
2016b; Pakuliak et al., 2016). Number of processed astro-
plates is 2260. Their digitization was carried out by Mi-
crotek Scan Maker 9800XL TMA and Epson Expression 
10000XL, scanning mode – 1200 dpi, the size of most 
plates is 30x30 cm or 13000x13000 pixels. Coordinates of 
the stars and galaxies were obtained in the Tycho-2 cata-
log system, B-magnitudes in photomeric standards system 
(Andruk et al, 1995;. Kornilov et al., 1991; Mermilliod, 
1991; Relke et al., 2015). Intrinsic accuracy for all objects 
is σαδ = ± 0.23" and σB = ± 0.14m (for stars in the range of 
B = 7m –14m, errors are σαδ = ± 0.10" and σB = ± 0.07m) 
for the equatorial coordinates and B-magnitudes, respec-
tively. Convergence between the determined and refer-
enced positions is σαδ = ± 0.06", and the convergence with 
photoelectric star B-magnitudes is σB = ± 0.15m. Coordi-
nate’s errors related to the UCAC-4 are σαδ = ± 0.30" 
(18,742,932 or 96.36% of objects were identified) (Zacha-
rias et al., 2013). 

Catalogue of the equatorial coordinates and the B-
magnitudes of the Kitab’s part of the FON program. 
Observations in frame of the FON program were con-
ducted also at the Kitab Observatory (Academy of Sci-
ences of Uzbekistan) from 1981 to 1996 with telescope 
DAZ telescope (F/D = 40/200). In 2015, about of 2600 
astroplates were transported to the Institute of Astronomy 
in Tashkent (Uzbekistan), where their digitizing has start-
ed (Muminov et al., 2013). The digitized astroplates are 
being processed till now at this institute and also at the 
Walter Hohmann Observatory (Essen, Germany), Ni-
kolaev Astronomical Observatory (Ukraine), and at the 
Main Astronomical Observatory NAS of Ukraine in Kyiv 
(1250 astronegatives up to current date). A preliminary 
estimation of intrinsic errors of this catalogue is based on 
the results of astronegatives for region α [21h, 3h], δ [–2º, 
–6º]: the averaged errors are σαδ = ±0.2" and σB = ±0.18m 
(for stars with B<14m they are equal to 0.1" and 0.1m) for 

the equatorial coordinates and B-magnitudes, respectively 
(Yuldoshev et al., 2016a, 2016b).  

U-magnitudes of stars and galaxies from the digi-
tized astroplates of 1.2m Schmidt telescope in Baldone 
Observatory (Latvia). Archives of the Schmidt telescope 
contains 734 astroplates in 253 regions of the sky captured 
in U-band close to the U-Johnson (Eglitis et al. 2016a, 
2016b). At the moment, it is scanned about 300. The co-
ordinates of stars and galaxies are obtained in Tycho-2 
system, the U-values in the photoelectric standards.  

Intrinsic accuracy for all objects is σαδ = ± 0.28" and σB 
= ± 0.20m (for stars in the range of B = 8m –14m, errors are 
σαδ = ± 0.11" and σB = ± 0.09m) for the equatorial coordi-
nates and B-values, respectively. Systematic difference 
between common stars of this catalogue and Tycho-2 is 
σα,δ = ± 0.06"(for 5814 stars); for U-magnitudes σB = 
±0.13m (for 876 stars). These estimations have a prelimi-
nary character and based on the data of catalogue of posi-
tions and U-magnitudes for 68,784 stars and galaxies for 
12 regions of the MEGA program (Andruk et al., 1995). 

Catalogues of position and proper motions of stars 
(Protsyuk et al., 2014a, 2015a).  In 2016, the catalogue of 
position and proper motions of stars in the areas around 
the Galactic open clusters was created by using photo-
graphic and CCD observations obtained with different 
telescopes in the 20-21 century. 
 Near 290 plates (20x20cm, 5ºx5º), which have been 
obtained with the Zonal Astrograph of Nikolaev Astro-
nomical Observatory (NAO) (D = 116 mm, F = 2040 mm, 
scale =101"/mm) in 1962-1993, were scanned. In 2011-
2015, more than 20,000 CCD frames were obtained with 
KT-50 telescope (D = 500 mm, F = 3000 mm, 43'x38', 
scale = 0.8"/pix) (Shulga et al., 2012). Totally more than 
270 thousands FITS files from MAVO image archives 
with observational epoch from 1953 to 2010 were down-
loaded. All the data was processed and coordinates of all 
objects on the images were obtained. 

Catalogue of position and proper motions of about 2.7 
million stars (7–16)m  in Tycho-2 system (NAO2015pm) 
was created. The accuracy of positions on both coordi-
nates is ranged from 0.02–0.04" for the stars of (7–12)m to 
0.08–0.11" for the stars of (14–16)m. Intrinsic accuracy of 
proper motions is near  0.04"/year. Systematic difference 
between common stars of NAO2015pm and XPM cata-
logues (Fedorov et al., 2009) is less than 0.005"/year on 
both coordinates. 

Catalogues of stars in fields of Gamma-Ray Bursts. 
GRBs are registered first by space observatories and 
transmit this information immediately for ground-based 
observatories, which, in own turn, may detect  optical af-
terglow emitted during the next hours and days. Results 
on GRBs are published in the circulars GRB Coordinate 
Network (GCN Circulars). GRBs are occurring about 
once a day and have a uniform distribution on the celestial 
sphere.  

Catalogues of stars in fields of GRBs allowed searching 
for optical counterparts of GRB in the past. With this aim 
we use astroplates from UkrVO JDA database (Sergeeva 
et al., 2004, Vavilova et al., 2012a,b,, 2014a,b).  The posi-
tional accuracy of selected objects is between ±0.3 and 
±4.5 and the range of magnitudes is 14m –19m. GRBs and 
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all the objects are sought and identified on the digitized 
plates within the circle with a radius of dozens of arc min-
utes. The data on the equatorial coordinates and B-
magnitudes of stars in GRB fields are obtained with 
LINUX/MIDAS/ROMA FOT software in Tycho-2 system 
(Andruk et al., 2010, 2016a; Yatsenko et al., 2011; 
Golovnya et al., 2010). They are as follows: σα=±0.17″, 
σδ=±0.3″ for coordinates and σm=±0.3 for B-magnitudes. 
Because of the expected optical image analogs of GRBs 
are very weak, we use only astroplates with exposure time 
more than 10 minutes (practically, they are all from the 
FON program collection). To clarify the parameters of 
stars and sizes of fields around GRBs, the maps of Digi-
tized Sky Survey II (DSS2) and service Aladin v8.0 have 
being applied. The results of this work are published in 
GSN Circulars (see, for example, Golovnya, 2016). We 
note that the probability to find optical analogs of GRBs  
is small, especially when searching for them in the past.  

 
3.2. UkrVO JDA Data Release 1: Software and web-

services 
 
The VizieR web service (Strasbourg, France) contains 

more than 15400 published astronomical catalogues. The 
astronomical web-services (AWS) of UkrVO (Mazhaev 
& Protsyuk, 2013) provide the automated search and se-
lection of required data in accordance with the SCS stan-
dard for three catalogues compiled in Ukraine, namely, 
All-Sky Compiled Catalogue of 2.5 million stars (ASCC) 
by Kharchenko (2001), FONAC (Kislyuk and Yatsenko, 
2005), XPM (Fedorov et al., 2009). The structure of AWS 
web address consists of path to script and search options 
after the question mark. The user can search in different 
areas of the sky and retrieve data from the astrometric 
catalogues. These AWS were inscribed into a register of 
the USA Virtual Astronomical Observatory (VAO). The 
register contains more than 17000 services.  

“The high energy astrophysics science archive research 
center (HEASARC) validates each web service at least 
once per month. Using Data Discovery Tool (DDT) de-
veloped by the VAO, it is possible to retrieve data from all 
archives, which are inscribed in the VAO register. Illustra-
tion of the access with AWS by using Aladin GUI to 
XPM catalogue is given in Figure 6. It’s also possible  with 

 
 

 
Figure 6: Screenshot of the GUI and search results for 
XPM catalogue (Fedorov et al,. 2009) obtained with Ala-
din (AWS is developed by Mazhaev & Protsyuk, 2013). 

this GUI to obtain access to two UkrVO JDA databases of 
observations conducted with astro photo plates and CCDs 
in the 20th and 21st centuries, respectively. Using the 
search results within metadata window of Aladin, one can 
download and visualize a preview image of a found photo 
plate” (cited by Mazhaev (2017)). 

Special-oriented software has been developed for vari-
able star research in the Odessa National Maritime Uni-
versity. We note MCV and VSCalc and describe ILA pro-
ject. 

The program MCV ("Multi-Column View") allows to 
make time series analysis of irregularly spaced data, par-
ticularly, having unique features: the approximation using 
combinations of algebraic and trigonometric polynomials 
simultaneously for up to 3 main periods (and harmonics); 
the periodogram analysis using the trigonometric polyno-
mial of an user-defined degree superimposed on to an 
algebraic polynomial trend without a "pre-whitening"; the 
reduction of the CCD measurements using many stars in 
the field (the algorithm of the "artificial comparison star") 
and dozens of other features. At minimum, the program 
may be used for an automatic visualization of the (multi-) 
or one-column time series and preparation of graphs in the 
raster format. The description of the first version was pub-
lished by Andronov and Baklanov (2004), but the program 
is regularly upgraded and new versions available at 
http://soft.softodrom.ru/ap/Bred2i-p4726.  

Breus (2007a, b) proposed the "Variable Stars Calcu-
lator" (VSCalc) software, where 1) there is a possibility 
for reduction of visual observations and conversion of the 
photographic plate numbers in HJD (currently the data-
base of the Odessa plate collection is available, but other 
files may be used as well); 2) the periodogram analysis 
may be carried out using the method by Lafler-Kinman-
Kholopov; 3) the extrema may be determined using an 
algebraic polynomial of statistically optimal order.  

Additional algorithms were realized in the programs for 
vicinities of the extrema by Andrych et al. (2015) and for 
complete light curves by Andronov et al. (2016). This 
method was improved for the multi-color observations by 
Andronov et al. (2015). The reduction of the photo-
polarimetric observations obtained at the 2.6m Shain tele-
scope at the Crimean Astrophysical Observatory is carried 
out using the program "ZTSh-Server" (Breus et al., 2007b; 
Kolesnikov et al., 2016).  

New programs are developed for automatic search for 
variable stars using measurements of all stars in the field and 
for the photometry of stars using overlapping images, The 
programs may be revised upon request. 

Variability of stars was studied based on mathematical 
modeling of the observations from the following sources: 
own observations obtained in Poland, Slovakia (multi-color 
CCD photometry) and at the 2.6m Shain telescope of the 
Crimean Astrophysical observatory (photo-polarimetry); 
CCD observations within temporarily observational pro-
jects on the selected stars within an international project 
"Inter-Longitude Astronomy" (ILA) with participants 
from USA, Korea, Germany, Greece, Poland, Slovakia, 
Finland, Italy, Czechia, Hungary, France; observations with 
the ground-based CCD (Catalyna, ASAS, NSVS, WASP), 
visual (AAVSO, AFOEV, VSOLJ) and space (Hipparcos-
Tycho, CHANDRA, UHURU, ROSAT) photometrical 
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surveys (see, a brief report,  Andronov et al. (2010)). High-
lights of the studies of the statistically optimal approxima-
tions of mean phase and individual light curves of pulsating 
and symbiotic variable stars were briefly reviewed by And-
ronov et al. (2014). Statistically optimal approximations of 
astronomical signals and their implications to classification 
and advanced study of eclipsing binaries were discussed by 
Andronov et al. (2016 b,c).  

The main variable star research upon the "ILA" project 
is as follows (studies of selected objects, more than 1900): 

* "Polar" ("Magnetic cataclysmic variables") – classi-
cal, eclipsing, asynchronous and intermediate polars, as 
well as the magnetic Dwarf Nova DO Dra; particularly, 
the spin evolution of white dwarfs in these objects; behav-
ior in different luminosity states); 

* "Superhumper" – "Non-magnetic cataclysmic vari-
ables" – superhumps, quasi-periodic and transient periodic 
oscillations in Nova-like stars and/or UGSU-type dwarf 
Novae; 

* "Eclipser" – "Eclipsing Binary stars" – phenomenol-
ogical modeling of the light curve using special patterns 
(shapes, profiles) of the phase-limited eclipses), determi-
nation of characteristics, studies of stability or variability 
of the period and shape of the light curve; 

* "Impactor" – "Extreme direct impactors" – in inter-
acting binary stars, a new subclass with a prototype star 
V361 Lyr; 

* "Symbiosis" – "Symbiotic variable stars" – multi-
component variability from minutes to decades; 

* "Stellar Bell" – "Pulsating variable stars", currently 
of M, SR, RV, RR, DSct types; 

* “New Star” – discovery, classification and determina-
tion of the phenomenological parameters of new variable 
stars. 

The powerful CoLiTec (Collection Light Technology) 
software for the automated search for small celestial ob-
jects on a series of CCD frames has been developed with-
in the UkrVO (http://www.neoastrosoft.com/). The core of 
this software is a new iteration method based on a sub-
pixel Gaussian model of the discrete object image to esti-
mate coordinates of celestial body. The method operates 
by continuous parameters (object’s coordinates) in a dis-
crete observational space (the set of pixel potentials) of 
the CCD frame. In this model, the kind of coordinate dis-
tribution of the photons hitting a pixel of the CCD frame 
is known a priori, while the associated parameters are de-
termined from a real digital object image. The method is 
flexible in adapting to any form of object image, has high 
measurement accuracy along with a low calculating com-
plexity (Savanevych et al., 2015a).  

The comparative analysis of the processing of the same 
frames using CoLiTec and Astrometrica software says that 
in the case of low signal to noise ratios, the standard de-
viation of positional CCD measurements using the Astro-
metrica software is 30-50% greater than that of the Co-
LiTec software (Savanevych et al., 2015b). In 2014, the 
COLITEC software was recommended to all members of 
the Gaia-FUN-SSO network for analyzing observations as 
a tool to detect faint moving objects in frames.  

The CoLiTex group developed also a new tool for the 
calibration of astronomical images – FrameSmooth – as a 
cross-platform module for brightness equalization of Co-

LiTec software. It allows processing images with any 
formats. Module is based on using the filter for brightness 
equalization, inverse median, and nonlinear high-frequ 
ency filters. It supports additional astronomical master-
frames (Bias, Dark, DarkFlat and Flat) as well as OLDAS 
mode and feature for converting images in fits format 
were added (Dubovský et al., 2016). Figure 7 illustrates 
advantages of this method as comparing with traditional 
Muniwin method of calibration of the field of V1323 Her. 

Star catalogues, software and services of the Cri-
mean Astronomical VO (CrAVO). Information about 
archives of astronegatives obtained at the Crimean Astro-
physical Observatory (CrAO) is located at the Interna-
tional Center in Sofia (http://www.skyarchive.org/); the 
data are available through a data base in the VizieR cata-
log VI/ 90 or with «CRI» key at: 
http://draco.skyarchive.org/ search/. CrAVO data archives 
and catalogues are the part of the UkrVO astroinformatics 
resource (Shlyapnikov, 2007; Vavilova et al., 2012a).  

The editable version of database consists of 39 cata-
logues prepared at the CrAO: some of them are digitized, 
16 catalogues with the data on magnitudes and spectral 
classes of 34154 stars (“Shajn Plan”) are in processing 
(Gershberg et al., 2011; Fursiak, 2012; Shlyapnikov, 
2013; Slyapnikov et al., 2015).  

Starting from 2013, a new database of spectral observa-
tions of celestial bodies has been forming (Gorbunov, 
Shlyapnikov, 2013; Pakuliak et al., 2014). They include 
spectroscopic observations conducted at the wide-angle 
astrographs with objective prism and reflectors (D = 
1000,1220 and 2600 mm). The  collection  of spectroscopic   

 

 
Figure 7: Field of variable star V1323 Her. From left to 
right: raw image, calibrated in usual way with the Muni-
win, calibrated with FrameSmooth (see, in detail, presen-
tation by Dubovský P.A., Savanevych V.E., Kudzej I. et 
al., http://www.neoastrosoft.comprague_ 2016_en/#more-
3772 at the 48th Conference on variable stars research, 
Prague, 2016). 
 

 
Figure 8: Example of the digitized spectrum with  
VOSpec from the database of spectral observations with 
50-inch telescope at the CrAO.  
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observations with the objective prism consists of three 
parts in dependence on type of astrograph where this col-
lection was obtained (Dolgov, Shlyapnikov, 2013). Pa-
rameters of astrographs (D/F in mm) and dispersion σ of 
digitized spectra in Hγ line (Å/pix) are as follows: Unar 
(D/F = 117/600, σ = 1.5), Dogmar (D/F = 167/750, σ = 
1.4), 400-mm (D/F = 400/1600, σ = 1.5). Figure 8 gives 
an example of the digitized spectrum from the database of 
spectral observations with 50-inch telescope of the Cri-
mean Astrophysical Observatory.  

Acknowledgements. This work was partially supported 
in frame of the Target Complex Program of Scientific 
Space Research of the National Academy of Sciences of 
Ukraine (2012–2016). 

 
References 
  

Andronov I.L. et al.: 2010, Odessa Astron. Publ., 23, 8. 
Andronov I. L. et al.: 2014, AASP, 4, 3.  
Andronov I. L. et al.: 2015, JASS, 32, 127.  
Andronov I.L. et al.: 2016a, ASPC, 505, 101.  
Andronov I. L. et al.: 2016b, Phys J, 2, 140. 
Andronov I. L. et al.:  2016c, OEJV, 176, 35.  
Andronov I. L., Baklanov A.V.: 2004, AstSR, 5, 264. 
Andrych K. D. et al.: 2015, Odessa Astron. Publ., 28, 158.  
Andruk V. et al.: 1995, Astron. Nachr., 316. N4, 2. 
Andruk V.M. et al.: 2015a, Odessa Astron. Publ., v.28/2, 188. 
Andruk V.M. et al.: 2015b, Odessa Astron. Publ., v.28/2, 192. 
Andruk V.M. et al.: 2016a, Kinem. Phys. Cel. Bodies, 32(1), 38. 
Andruk V.M. et al.: 2016b, Kinem. Phys. Cel. Bodies, 32(5), 261. 
Babyk I., Vavilova I.: 2014, Astrophys. Space Sci., 349, 1, 415. 
Babyk Yu.V. et al.: 2014, Astron. Reports, 58, 9, 587. 
Babyk Yu. V.: 2016, Astron. Reports, 60, 6, 542. 
Boyarsky A. et al.: 2014, Phys. Rev. Lett., 113, 251301. 
Breus V.V.: 2003, Odessa Astron. Publ., 16, 24. 
Breus V.V.: 2007a, Odessa Astron. Publ., 20, 32. 
Breus V.V. et al.: 2007b, A&AT, 26, 241. 
Borne K. et al.: 2009, Astro2010: The Astronomy and Astrophys-

ics Decadal Survey, Position Papers, no. 6. 
Borne K.: 2013, In: Planets, Stars and Stellar Systems, by Os-

walt T.D., Bond H.E., Springer, 2013, p. 403. 
Brescia M., Longo G.: 2013, Nuclear Instruments and Methods 

in Physics Research A, 720, 92. 
Butler D.: 2007, Nature, 446, 354. 
Cavuoti S. et al.: 2012, Proceedings of the SPIE, 8451, article id. 

845103, 13 pp. 
Chenzhou C. et al.: 2012, New Astronomy, 17 (2), 167. 
Chesnok N.G.: 2010, Kosm. nauka tehnol., 16(5), 77. 
Chesnok N.G. et al.: 2009, Kinemat. Phys. Cel. Bodies, 25(2), 107 
D'Abrusco R. et al.: 2007, AphJ, 663(2), 752. 
Dobrycheva D.V.: 2013, Odessa Astron. Publ., 26,187. 
Dobrycheva D. et al.: 2012, Astrophysics, 55(3), 293. 
Dobrycheva D. et al.: 2014, Odessa Astron. Publ., 27, 26. 
Dobrycheva D.V et al.: 2015, Astrophysics, 58(2), 168. 
Dubrovsky P.A. et al.: 2016, in: 48th Conference on variable 

stars research, Prague, 2016. 
Dolgov A.A., Shlyapnikov A.: 2013, Izv. KrAO, 109, 2, 165. 
Eastman T. et al.: 2005, Data Science Journal, 4, 67. 
Eglitis I. et  al.: 2016, Odessa Astron. Publ., 29, 126. 
Feigelson E.D. et al.: 2013, ADASS XXII, ASP Confer.Ser., 15. 
Feigelson E., Hilbe J. M.: 2014, AAS Meeting #223, id. 253.02 
Fedorov P. et al.: 2009, MNRAS, 393, 133. 
Fursiak Yu.A., Shlyapnikov A.A.: 2012, AASP, 2(2), 197. 
Gershberg, R. E. et al.: 2011, Bull. CrAO, 107, 1, 11. 
Giavalisco M. et al.: 2004, AphJ, 600(2), L93. 
Golovnya V.V.: 2016, GCN Circulars, No.19384, 1. 
Golovnya V.V., Andruk V.M.: 2013, Odessa Astron. Publ., 26/2, 226. 

Goodman A. et al.: 2012, ADASS XXI. ASP Confer. Ser., 461, 267. 
Gorbunov M.A., Shlyapnikov A.A.: 2013, Odessa Astron. Publ., 

26/2, 229. 
Gray J. et al.: 2005, arxiv.org/abs/cs/0502008. 
Ivashchenko G. et al.: 2014, MNRAS, 437, 3343. 
Ivashchenko G. et al.: 2015, Kinemat. Phys. Cel. Bodies, 31(3), 1. 
Kazantseva L.et al.: 2015,  Kinemat. Phys. Cel. Bodies, 31(1), 58 
Kislyuk V. S., Yatsenko A.I.: 2005,  Kinemat. Phys. Cel. Bodies 

Suppl., 5, 33. 
Kharchenko N.I.: 2001, Kinemat. Phys. Cel.. Bodies, 17(5), 409. 
Klipio et al.: 2003, in ADASS XII, ASP Confer. Se., 295, 73. 
Kolesnikov S.V. et al.: 2016, Odessa Astron. Publ., 29, 74.   
Kolev A. et al.: 2012, Publ. Astron. Soc. "Rudjer Boskovic", 11, 219. 
Kornilov V.G. et al.: 1991, Trudy GAISh, 63, 1. 
Malkov O. et al.: 2016, Baltic Astronomy, 25(1), 107. 
Mazhaev A., Protsyuk Y.: 2013, Odessa Astron. Publ., 26/2, 233. 
Mazhaev A.: 2017, Sci. innov., 13(1). 
Mermilliod J.C.: 1991, Homogeneous means in UBVR system. 
Michaelian A.: 2016, Baltic Astronomy, 25(1), 75. 
Muminov M.M. et al.: 2013, Izvestija GAO. Pulkovo, 220, 517. 
Muminov M.M. et al.: 2016, Izvestija GAO. Pulkovo,  223, 339. 
Muminov M.M. et al.: 2017, Bulgarian Astron. J., 26, 1. 
Norris R.P. et al.: 2013, PASA, 30, 20. 
Novosyadlyj B. et al.: 2014, J. Cosmology and Astroparticle 

Phys., 5, N 05, article id. 030. 
Pakuliak L.K. et al.: 2012, Proc. NAROO-GAIA, 161. 
Pakuliak L. et al.: 2014, ASI Confer. Ser., 11, 103. 
Pakuliak L.K. et al.: 2016, Odessa Astron. Publ., 29, 132. 
Protsyuk Yu.I. et al.: 2014a, Odessa Astron. Publ., 27/1, 59. 
Protsyuk Yu.I. et al.: 2014b, Odessa Astron. Publ., 27/1, 61. 
Protsyuk Yu.I. et al.: 2014b, Odessa Astron. Publ., 27/1, 63. 
Protsyuk Yu.I. et al: 2014d, Kinemat. Phys. Cel. Bodies, 30(6), 296. 
Protsyuk Yu. et al.: 2015a, Odessa Astron. Publ., 28/2, 202. 
Protsyuk Yu.I. et al.: 2016, Odessa Astron. Publ., 29, 147. 
Pulatova N.G. et al.: 2015, MNRAS, 447(3), 2209. 
Relke E. et al.: 2015, Odessa Astron. Publ., 28/2, 211. 
Ruiz J.E. et al.: 2014, Astronomy and Computing, 7, 3. 
Savanevych V.E. et al.: 2015a, MNRAS, 451, 3, 3287 
Savanevych V.E. et al.: 2015b, Kinemat. Phys. Cel. Bodies, 31, 

6, 302. 
Savchenko D., Iakubovskyi D. : 2014, AASP, 4, 51. 
Sergeeva T.P. et al.: 2004, Baltic Astron., 13, 677. 
Sergijenko O., Novosyadlyj B.: 2015, Phys. Rev. D, 91, 083007. 
Shlyapnikov A.: 2013, Izvestiya KrAO, 109, 2, 169. 
Shlyapnikov A. et al.: 2015, Baltic Astron., 24, 462. 
Shulga A.V et al.: 2012, Kosm. nauka tehnol., 18(4), 52. 
The National Virtual Observatory: Tools and Techniques for 

Astronomical Research: 2008, ASP, 382, http://www. asp-
books.org/a/volumes/table_of_contents/?book_id=420 

Torbaniuk O.:2015, AASP, 5(2), 84. 
Torbaniuk O.:2016, AASP, 6(2), 34. 
Vasylenko A. et al.: 2015, Aph.&Sp.Sci., 360, id.37,  16p. 
Vavilova I.. et al.: 2012a, Kinemat. Phys. Cel. Bodies, 28(2), 85 
Vavilova I.B. et al.: 2012b, Baltic Astronomy, 21/3, 356. 
Vavilova I.B. et al.: 2014, Odessa Astron. Publ., 27/1, 65. 
Vavilova I. et al: 2014, in:  Astroplate 2014, Prague, Eds. Linda 

Mišková and Stanislav Vítek, 8.    
Vavilova I. et al.: 2015, Kosm. nauka tehnol., 21(5), 94. 
Vol'vach A.E. et al.: 2011, Astron.Reports, 55(7), 608. 
Yakubovskyi D.A. et al.: 2015, Kosm. nauka tehnol., 21(5), 90. 
Yatsenko A.I. et al.: 2011, Kinem. Phys. Cel. Bodies, 27(5), 249. 
Yizhakevych O. et al.: 2014, Odessa Astron. Publ., 27/1, 67. 
Yizhakevych O. et al.: 2015, Odessa Astron. Publ., 28/2, 213. 
Yuldoshev Q.X. et  al.: 2016, Odessa Astron. Publ., 29, 160. 
Zacharias N. et al.: 2013, Astron. J., 145, 44. 



 

THE INVESTIGATION OF THE FON3 CATALOGUE  
DATA USING WIELEN METHOD 

V.S.Akhmetov 

Institute of Astronomy, V.N. Karazin Kharkiv National University, 
35 Sumska Str., 61022, Kharkiv, Ukraine, akhmetovvs@gmail.com 

 

 
ABSTRACT. The method described by Wielen is very 

efficient provided the data under comparison are inde-
pendent quantities. In this case, dispersion of position or 
magnitude differences is equal to the sum of their disper-
sions, because the index of correlation between the data is 
set zero. Using three or more independent catalogues, it is 
easy to estimate the external accuracy of each of them.  
For the cross-identification of objects, we have used the 
search window with a 0.5 arcsec radius. Final dispersions 
were calculated for every sub-range of magnitudes, for the 
stars with individual differences of position and magni-
tude exceeding three standard deviations being rejected. 
The following catalogues have been used for comparison 
with the FON3: XPM, PPMXL and UCAC4 in the North-
ern hemisphere. The dispersions of positions or magni-
tudes are calculated with the use of about 18 million 
common stars from these catalogues. The results pre-
sented in this work is consistent with analysis of the ran-
dom errors of positions and magnitude that had been de-
scribed by authors of FON3 catalog. 
 
Keywords: Astrometry, astrometry-catalog, data analysis  
 

1. Introduction 
 
This paper presents some results of investigation of the 

FON3 catalogue of star positions and B-magnitudes in 
Northern Sky Survey (from –4° to +90°). The FON3 cata-
log has been created under the motto of the rational use of 
resources accumulated in UkrVO JDA (Joint Digital Ar-
chive) in MAO NASU. The total amount of processed 
plates is 2260. Digitizing of astronegatives has been car-
ried out with the help of Microtek ScanMaker 9800XL 
TMA and Epson Expression 10000XL scanners, with the 
scanning mode — 1200 dpi, the linear size of the plates —
30´30 cm or 13000´13000 pix. The catalog contains 19 
451 751 stars and galaxies with B 16.5m for the epoch of 
1988.1  (Andruk V.M.  et al., 2010). The author of the 
FON3 catalog present internal accuracy for all objects is 
σαδ = 0.23" and σB = 0.14 mag. For stars in the range of B 
= 7m  - 14m errors are σαδ = 0.10" and σB = 0.07mag. Con-
vergence between the calculated and reference positions is 
σαδ = 0.06", and the convergence with photoelectric stellar 
B-magnitudes is σB = 0.15mag. (Andruk V.  et al., 2016). 

Using three or more independent catalogues, it is easy 
to estimate the external accuracy of each of them. For this 
purpose data from XPM, PPMXL and UCAC4 in the 
Northern hemisphere are used. 

 
2. Estimation of external accuracy of the star posi-

tions and photometry by use of three independent data 
sets 

 
The method used for estimation of external accuracy of 

the star positions was described by Wielen in 1995 
(Wielen R. 1995). It is very robust under condition of the 
independence of the compared data. In such case the dis-
persion of the differences of positions or photometry is 
equal to the sum of their dispersions because their correla-
tion coefficient is zero. With three or more independent 
catalogues it is easy to estimate the external accuracy of 
each of them: 

2
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where D12, D13 and D23 are the dispersions of the differ-
ences of positions or magnitudes for three compared cata-
logues. 

Before the calculation of the dispersions one should test 
that the correct values are obtained. The possible source of 
the incorrectness is the assumption that the means of the 
initial values are zero in the case when the catalogues with 
systematic errors have some non-zero means. If this non-
zero mean is independent on magnitude or varies with it 
smoothly, then the dispersion of the differences of the 
positions or proper motions can be calculated. Otherwise, 
when the systematic differences change fast or disrupted 
the method does not work. Therefore it is important to 
determine the behavior of the systematic differences. For-
tunately, in most cases the systematic differences of posi-
tions or photometry are some smooth functions of magni-
tude validating this method. Finally, in our case the dis-
persions are calculated for every small range of magnitude 
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with rejection of the stars with individual difference larger 
than 3 standard deviations. 

The following catalogues have been used for the com-
parison with the FON3: UCAC4, PPMXL and XPM. It 
should be noted that the PPMXL and XPM proper mo-
tions were obtained with the use of the same schmidt 
plates.  For the UCAC4 no schmidt plates were used. 
Consequently, the proper motions of the PPMXL and 
XPM are not independent. However the FON3-UCAC4-
XPM and FON3-UCAC4-PPMXL datasets make the 
comparison possible. 

 
3. Catalogs 
 
Catalog UCAC4 is a compiled, all-sky star catalog cov-

ering mainly the 8 to 16 magnitude range in a single band- 
pass between V and R.  Positional errors are about 15 to 
20 mas for stars in the 10 to 14 mag range. Proper motions 
have been derived for most of the about 113 million stars 
utilizing about 140 other star catalogs with significant 
epoch difference to the UCAC CCD observations. All 
bright stars not observed with the astrograph have been 
added to UCAC4 from a set of Hipparcos and Tycho-2 
stars. Thus UCAC4 should be complete from the brightest 
stars to about R=16, with the source of data indicated in 
flags.  UCAC4 also provides a link to the original Hippar-
cos star number with additional data such as parallax 
found on a separate data file included in this release 
(Zacharias N. et al., 2013). 

Catalog XPM is a combined data from the Two-Micron 
All Sky Survey (2MASS) and USNO-A2.0 catalogues in 
order to derive the absolute proper motions of about 300 
million stars distributed all over the sky excluding a small 
region near the Galactic Centre, in the magnitude range 
12<B<19mag. The proper motions were derived from the 
2MASS Point Sources and USNO-A2.0 catalogue posi-
tions with a mean epoch difference of about 45 years for 
the Northern hemisphere and about 17 years for the 
Southern one (Fedorov P. et al., 2009). The zero-point of 
the absolute proper motion frame (the 'absolute    calibra-
tion') was specified with the use of about 1.45 million 
galaxies from 2MASS. Most of the systematic zonal errors 
inherent in the USNO-A2.0 catalogue were eliminated 
before the calculation of  proper motions. The final ver-
sion of the XPM catalogue contains about 314 million 
stellar positions and absolute proper motions. The mean 
formal error of absolute calibration is less than 1mas/year 
(Fedorov P. et al., 2010). 

PPMXL catalog contains about 900 million objects, some 
410 million with 2MASS photometry, and is the largest 
collection of ICRS proper motions at present. The resulting 
typical individual mean errors of the proper motions range 
from 4 mas/year to more than 10 mas/year depending on 
observational history. The mean errors of positions at epoch 
2000.0 are 80 to 120 mas, if 2MASS astrometry could be 
used, 150 to 300 mas else (Roeeser S. et al., 2010). 

  
4. Astronomical Database 
 
To provide a quick and a simple access to modern astro-

nomical catalogs that contain data of millions or billions  
celestial objects including stars, galaxies, quasars and others 

the database has been developed. Modern astrometric cata-
logs obtained in last 20 years, are collected in this database 
using PostgreSQL server. The database contains about 30 
catalogs with data more 1.5 Tb (Vavilova I.B. et al., 2012). 

The main mission of creating the astronomical database 
is collect astronomical catalogs to provide a quick and a 
simple access to large dataset both for usual programs 
(TOPCAT, OriginLab, Microsoft Excel and others) and 
for a user's special programs.  

To facilitate access to astronomical data from modern 
catalogs a web interface written in PHP programming 
language has been created. This web interface allows to 
select data containing in a small region of the celestial 
sphere http://astrodata.univer.kharkov.ua/astrometry/db. 

The database allows the user to carry out data selection 
from the large astronomical catalogues by using: a net-
work server, a internet browser, special scripts and pro-
grams. For cross-identification of objects and to calculate 
systematic errors and random accuracy of the star posi-
tions and photometry by use the database based on Wielen 
method the special program in C++ programming lan-
guage has been developed. 

 
5. Cross-identification of objects 
 
In this paper star magnitudes of these catalogues are not 

used for cross-identification because of a significant differ-
ence in their band-pass and significant random and system-
atic errors of photometry. The cross-identification was car-
ried out using only coordinates of objects. It should be noted 
that such cross-identification is usually named positional 
association and is not necessarily an exact identification. 

To realize this method, the proper motions of catalog 
XPM has been used. In the first step a position of each 
objects in XPM catalog is calculated  to epoch FON3 cata-
log by means of database. 

The second step of cross-identification is a simple cross-
match: each object of the catalog FON3 is compared with 
the object of the catalog XPM (on epoch FON3). If  an an-
gular distance is less than 0.5 arcsec it is common object. 
This procedure makes it possible to obtain lists of pairs of 
stars from both catalogs. The position difference between 
FON3 and XPM produced mainly only by the difference 
between random and systematic errors of both catalogues. 

The corresponding procedure has been done for data 
UCAC4 and PPMXL catalogues. As result the FON3-
UCAC4-XPM and FON3-UCAC4-PPMXL datasets about 
18 million common stars have been obtained and then 
inserted to database for analysis. 

 
6. The results of estimate the external accuracy and 

systematic errors data of catalogs 
 
Below some results of investigations of the FON3, 

UCAC4, XPM and PPMXL catalogs are presented. For 
analysis of quality of the positions and photometry of the 
FON3 stars the different tests have been made. 

Comparison of the FON3 data with UCAC4, XPM and 
PPMXL catalogs are shown in Figs 1 representing the 
systematic differences of positions in the sense FON3 
minus catalogue, as well as their standard deviations as 
functions of stellar magnitude. 
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Figure 1: The systematic differences of the position 
FON3-XPM (black dots), FON3-UCAC4 (asterisks) and 
FON3-PPMXL (open rectangle) depending on the magni-
tude B of FON3. 

 
The mean values of systematic differences of positions 

FON3−XPM, FON3−UCAC4,FON3−PPMXL are less 
then -40 mas in the both coordinates. As showed in figure 
1, the stars position of FON3 catalog are good agreement 
with XPM and UCAC4 in right ascension and declination 
correspondingly. 

The external accuracy of stars position of FON3 cata-
logue are as functions of magnitude and equal 150 mas for 
brightest and up to 250 mas for faintest stars (Figure 2). 

These external estimations of positional precision FON3 
catalogue are in very good agreement with FON3 internal 
accuracy at the mean epoch observation. 

The figure 3 is presented the systematic differences of 
star magnitudes in the sense FON3 minus catalogue, as 
well as their standard deviations as functions of stellar 
magnitude. The mean values of systematic differences of 
stellar magnitudes FON3−XPM, FON3−UCAC4, 
FON3−PPMXL are between -1 up to 2 mag. As showed in 
figure 3, the stellar magnitudes of FON3 catalogue are 
good agreement with PPMXL catalogue data. The exter-
nal accuracy of stellar magnitudes of FON3 catalogue are 
as functions of magnitude and equal 1 mag for brightest 
and 0.3 mag for faintest  stars from 13 Bmag. 

The noted facts should be taking into account in course 
that to creating catalog FON3 used data only plates of 
digitized astronegatives but do not used CCD observation. 
 
 

 
Figure 2: The standard deviations obtained by method 
Wielen of the position FON3 (black dots), XPM (aster-
isks), UCAC4 (open rectangle) and PPMXL (open circles) 
depending on the magnitude B of FON3. 

 

 

 
Figure 3: The systematic differences of the stellar magnitude 
FON3-XPM (black dots), FON3-UCAC4 (asterisks) and 
FON3-PPMXL (open rectangle) and their standard devia-
tions obtained by method Wielen FON3 (black dots), XPM 
(asterisks), UCAC4 (open rectangle) and PPMXL (open cir-
cles) depending on the magnitude B of FON3 catalogue. 
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7. Conclusions  
 

To summarize the work performed, we conclude the 
following. 

The positions and photometry of FON3 stars were com-
pared with same data of other modern astrometric cata-
logues. 

The dispersion of positions and stellar magnitudes are 
calculated with the use of about 18 million common stars 
from FON3, XPM, UCAC4 and PPMXL catalogues.  

The external accuracy of stars position of FON3 cata-
logue are good agreement with FON3 internal accuracy 
and equal 150 and 250 mas for brightest and faintest stars 
correspondingly. 

The results that presented in this work are consistent 
with analysis of the random errors positions and stellar 
magnitudes that had been described by authors of FON3 
catalog. 
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ABSTRACT. From 1967 to 2005, many astrophotos 

have been taken with the Baldone Schmidt telescope  
(80cmx120cmx240cm). These photos have being archived 
in the Institute of Astronomy of the University of Latvia 
(IAU code 069, longitude 24.4041 E, latitude 56.7734 N, 
altitude 103 m). There are over 22000 direct and 2300 
spectral photos of different regions of the sky in this ar-
chive. There are also information on the photo materials 
type as well as the types of color filters used for 
phographiing the sky fields and objects. The home page of 
the Institute of Astronomy’s Baldone observatory 
(www.baldoneobservatory.lu.lv) has the archive’s descrip-
tion. Part of the description has also being published (Alk-
snis, et al., 1998). 

Keywords: Schmidt telescope, wide field plate archive 
 

 
1. Introduction 
 
One of the main tasks of astronomers is to obtain obser-

vational data on various objects of the Universe and pre-
serve these data for future use. The observational material 
subsequently forms the base for further studies and inves-
tigations. For over 100 years astronomers have gathered 
and stored photo collections on photographic glass and 
film photos. This has resulted to over 2 million wide field 
photos in Wide Field Imaging all over the world. From 
this quantity, more than 380000 of the wide field photos 
were taken with Schmidt telescopes (Tsvetkov et al., 
1995). For more than 38 years, such an astronomical pho-
to archive of photographic negatives, have been obtained 
with the Baldone Schmidt telescope. This is collected at 
the Astrophysical Observatory (IAU code 069) of the In-
stitute of Astronomy, University of Latvia. The Baldone 
Schmidt telescope (80/120/240 cm) was first used in De-
cember 1996 on the hill Riekstukalns (longitude 24.4041 
E, latitude 56.7734 N, altitude 103m) near Baldone city. 
The telescope ranges among the 12 biggest wide field 
Schmidt telescopes in the world (Table 1). By 2005, over 
24300 photos have been taken with the Baldone Schmidt 
telescope. 

 
 
 
 

2. Description of archive 
 
The first astronomical photos were obtained in January 

1967. The photos cover the field of 19 square degree, but 
the linear size of photoplates is 24x24 cm. Classically the 
scientific interests of the Latvian astronomers in the field 
of stellar astronomy were directed mainly to carbon stars. 
The implication was that most of the photos, both direct 
and spectral, obtained with the Baldone Schmidt tele-
scope, covered the zone along the galactic equator, where 
the carbon stars are concentrated. The distribution of ob-
tained direct and spectral photos, on the sky sphere, is 
presented in Figs. 1 and 2. 
 
Table 1. The twelfth largest Schmidt-type telescopes in 
the world 
 

Observatory Aperture From year Country 

Palomar 122 1947 U.S.A.          
Bloemfontein 81 1950 South Africa   
Hamburg-Calar 
Alto 

80 1955 Germany-
Spain        

Tautenburg 134 1960 Germany         
Byurakan 100 1961 Armenia          
Kvistaberg 100 1964 Sweden           
Baldone 80 1967 Latvia           
La Silla 100 1969 ESO, Chile       
Siding Spring 124 1973 Australia 
Kiso 105 1974 Japan            
Merida 100 1976 Venezuela        
Calern 90 1976 France           

 
Every photo taken with the Baldone Schmidt telescope 

has been taken in order to study a definite object and none 
stationary stars, especially carbon stars. Therefore, bright-
ness and coordinates are only measured for these objects 
on the photos. On the average, about 95% to 99% of the 
information recorded on the photo remained unused. The 
glass and film photos are stored vertically in the rooms of 
the Schmidt telescope dome, which are no specially condi-
tioned rooms, with temperature stabilization and less hu-
midity. The photos are placed in original ORWO 
24x24cm size plate standard packaging boxes. 
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Figure 1: The distribution of the 22000 direct observations 
of the sky, made with the Baldone Schmidt telescope, in 
equatorial coordinates.  

 
Figure 2: The distribution of the 2300 spectral observa-
tions of the sky, made with the Baldone Schmidt tele-
scope, in equatorial coordinates. 

 
The astroplates of the Baldone Schmidt telescope ar-

chive have been obtained mainly on the ORWO (East 
Germany) astronomical plates (Astro Platten ZU1, ZU2, 
ZU21, ZP1, ZP3). The plates have a size of 24x24cm. On 
the films (different versions of A500, A600, A700) of the 
Photographic Research Institute KAZNIIFOTOPROJEKT 
(Russia), most of the plates also have a size of 24x24 cm, 
while 1% have a size 13x18cm size.  A small quantity is 
obatained on the Eastman Kodak mostly using IN plates in 
the USA.      

For the stellar photometry the plates and light filters, 
were used. This provided a spectral sensitivity, close to 
the standard U, B, V system or the Becker's R- and Kron's 
I-magnitudes. In Table 2, the number (n) of direct photos 
taken with the emulsion type and filter combinations that 
is used most of the time, are listed. 

The spectral photos have been obtained using 2 degree 
and 4 degree 80cm diameter objective prisms, which pro-
vide the resolution of about 200 and 450 at the hydrogen 
line H alpha respectively. For the searching of carbon 
stars, mostly the orthochromatic Kazan A600 astro films 
and the Kodak IN, infrared plates were used as detailed in 
Table 3. 

Table 2. The combinations of the photo emulsions and 
filters used for the direct photos 

 
Emulsion Filter n Emulsion Filter n 
 -   U  
ZU21 - 262 ZU21 UG1 337 
ZU1 - 119 ZU2 UG1 229 
ZP3 -   21 ZU21 UFS3   86 
A500N -   20 ZU1 UG1   62 
 B   V  
ZU21 GG13 2783 A600N ZS17 2102 
ZU2 GG13 1692 A600 ZS17 1797 
NT-1AS GG13   337 A600U ZS17   409 
A500N GG13   206 A600rP ZS17   235 
 R   I  
ZP1 RG1 7075 IN KS19 877 
ZP1 KS13 1692 IN RG1+BG3 441 
ZP3 RG1  764 I840 RG1   26 
A700N KS13  241 IVN KS19   10 

 
Table 3. The combinations of the photo emulsions and 
filters used for spectral photos 

 
Emulsion Filter n Emulsion Filter n 

Blue spectrum Yellow spectrum 
A600 GG13 98 A600 - 402 
ZU2 - 68 A600N GG5 167 
ZU21 - 33 A600N - 139 
A600N GG13 31 A600 GG5 134 

Red spectrum  Near infrared spectrum 
103aF - 123 IN RG1 185 
103aF RG1 45 IVN - 43 
A700F RG1 41 IN - 37 
A700N - 37 I840 - 32 

 
 
Many of the sky regions have been photographed tens 

and hundreds of times, in order to investigate variability 
of stars. The mostly photographed objects or regions are 
listed in Tables 4 for direct photos as well as the total 
number of photos (n) of the object obtained in 1967-2005. 

Presently, the observational data and treated results are 
obtained in computer readable form, mainly online and 
stored in databases on the server of the Institute of Math-
ematics and Computer Science in University of Latvia 
ftp.e-spiets.lv. Nevertheless, the value of astronomical 
photo archives does not decrease. They contain informa-
tion of the former changes in the optical range of cosmic 
objects at long time range. This information is very useful 
in current investigations and are therefore very relevant. 
This is more so, as the astronomers are gaining informa-
tion in the whole range of the electromagnetic spectrum 
from gamma rays to radio waves. 
 

3. Digitizing of archive 
 
In the last 20 years, digitalization of astronomical in-

formation is taking place at a fast pace. From 2013, the 
regular digitization and processing of photographic astro-
plates started in Baldone observatory. The photos were 
digitized using Epson Expression 10000XL and 11000XL 
commercial scanners. The scanners had a resolution of 
1200 dpi (or 2400 dpi). For processing, all images were 
transformed from TIFF format to the FITS format. This is 
achieved with an original program created at the Institute 
of Astronomy. Till this moment, more than 7000 photos 
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are digitized. Previously scans were tested, and the opti-
mum mode of scanning was found (Protsyuk et al., 2014). 
Images were processed using advanced complex LINUX / 
MIDAS / ROMAPHOT programs (Andruk et al., 2015). 

Scans are displayed on the server (ftp.e-spiets.lv) of the 
Institute of Mathematics and Computer Science in Univer-
sity of Latvia.  

The digitizing of the UV-part of Baldone collection has 
started in June 2016 with two EPSON EXPRESSION 
10000XL and three 11000XL flatbed scanners. Its photo-
metric and astrometric characteristics were previously 

The software was developed and implemented in Main 
Astronomical Observatory of the National Academy Sci-
ence of Ukraine. The software is used to process the digi-
tized astronomic photos as well as to obtain astrometric 
coordinates and photometric magnitudes of stars and 
compact galaxies. 

Without these main tasks, the digitized photos of star 
fields allow to carry out a massive search for images of 
small bodies in the solar system. Furthermore, it allows 
for the determination of their coordinates. From the obser-
vations of earlier epoch, it is possible to extract informa-
tion about the locations of these bodies (Eglitis et al., 
2016). 

 
 

Table 4. List of more observed objects in Baldone obser-
vatory from 1966 to 2005. 

 
Object n Object n Object n 
CIT6 3164 IRC+20370 173 NGC 1817 91 
Tr 2 831 Com.Halley 171 174,-3.5 91 
M31 767 NGC 7419 169 CIT5 90 
DY Per 440 V CrB 165 94,-10.5 89 
BC 56 344 T Dra 144 NGC 2251 88 
NGC 1245 300 IC 5146 142 CIT5+1245 87 
90,-3.5 292 174,+7 139 NP Her 84 
NGC 1664 287 94,+3.5 135 T Cnc+X Cnc 84 
IRC+10216 262 94,0 134 Nova Cyg 79 
NGC 7063 261 94,+7 131 Gal. II 77 
86,+7 259 90,+3.5 129 NGC 7031 74 
AFGL 2881 256 NGC 7092 125 U Cyg 74 
Stock 4 254 NGC 1893 124 U Lyr 72 
NGC 6871 243 CT Lac 124 NGC 659 72 
94,-3.5 240 90,0 124 OW Aql 71 
86,-7 234 94,+10.5 122 82,+7 69 
NGC 7128 231 90,-7 122 82,+0 69 
86,0 222 92,+6.5 121 RU Vir 68 
86,-3.5 217 86,+10.5 120 CRL 3116 68 
178,-7 210 94,-7 114 82,+3.5 66 
86,+3.5 205 90,+1.3 114 Dol 2 64 
178,+3.5 204 MQ Cyg 110 IC 1848 62 
178,0 203 174,-7 107 Pluto 62 
CIT6+SA54 199 174,0 107 82,-3.5 58 
178,-3.5 183 174,+3.5 106 NML Tau 56 
KL Cyg 180 NGC 457 103 82,-7 56 
90,+7 180 SS Vir 98 NGC 7654 55 
178,+7 175 BM Gem 96 V Cyg 55 
NGC 7789 174 NGC 1528 94 EU And 54 
 
 

4. The electronic format of the plate archive 
 
In Table 5, the description of the electronic format of 

the computer-readable catalogue at the link 
www.baldoneobservatory.lu.lv is given. For more infor-
mation on the Baldone Schmidt telescope plate archive 
contact e-mail: astra@latnet.lv or ilgmars@latnet.lv. 

 
Table 5. The format of the plate archive. 
 

Column 
heading 

Bytes Format Units Explanations 

Plate No. 1-6 A6 --- Plate No. 
7-8 I2 y Year 
9-10 I2 m Month 

 
Date 
 11-13 I2.1X d Day 
 14-24 A11 --- Object 

25-27 I2,1X h Hours RA 
28-30 I2,1X min Minutes RA 

Object 
R.A. 

31-33 I2,1X sec Seconds RA 
34-37 I3.1X o Degrees Dec Object 

Dec. 38-42 F4.1.1X ' Minutes Dec 
43-44 I2 h Hours 
45-46 I2 min Minutes 

T exp. be-
gin. 

47-49 I2,1X sec Seconds 
T(exp) 50-53 I3,1X min Duration exp 
Emulsion 54-60 A6 --- Emulsion  type 
Filter 61-67 A6.1X --- Filter 
System 68-69 A1,1X --- System (Sp.Region)   
Notes 70-71 A1,1X --- Exposure 
Notes 72-77 A6 --- Notes 
Marker 78 A1 ---- End of row 
 
This investigation is supported by FP7 project „Noc-

tural atmosphere”. 
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ABSTRACT. Digital processing of photographic plates 

of star fields allows to determine with high accuracy the 
coordinates and stellar magnitudes for all registered objects 
on these plates. The processing results can be used for a 
broad search for images of small bodies of the Solar system 
and determination of their coordinates. From the observa-
tions of earlier epoch, we can extract information about the 
locations of these bodies well before discovering them. 
Modern approach to processing early photographic obser-
vations with new technologies can be an effective instru-
ment for rediscovery of asteroids and correction their orbits. 
We analyzed the results of digital processing of observa-
tions of clusters in UBVR bands which were made on the 
1.2-m Schmidt telescope of the Observatory of Institute of 
Astronomy of University of Latvia in Baldone (code 069). 
As a result 87 images of minor planets from 9.8 to 17.1 
stellar magnitude and 2 images of comets were identified 
on 152 plates for 1967-1996. The catalogue of positions and 
stellar magnitudes of the searching asteroids was compiled. 
Among them 12 observations of asteroids are the earliest of 
the world's known observations of these asteroids. All posi-
tions of asteroids were compared with the ephemeris JPL 
DE431. Analysis was carried out. 

Keywords: photographic archive – asteroids – catalogs – 
astrometric positions 
 

1. Introduction  
 
Baldone Observatory of Institute of Astronomy of 

Latvian University has the photographic collection more 
than 22000 plates obtained using 1.2 m Schmidt telescope 
(Eglitis et al., 2016d). The observational period started in 
1966 and lasted for 39 years. The area of the sky, covered 
by a single plate is approximately 19 square degree and 
contains from 10 000 to 50 000 images of different celestial 
objects. The plate scale is of 72 ''/mm. The observations 
were carried out with various filters and emulsions of astro-
plates. Combining emulsion ORWO ZU1 (ZU2 or ZU21 or 
Kodak 103aO or IIaO) with UG1 filter realizes U photo-
metric band. Combining emulsion ORWO ZU2 (ZU21) 
with GG13 filter realizes B photometric band. Combining 
emulsion A600 with ZS17 filter or emulsion ORWO ZP1 
with filter RG1 realizes V or R photometric band respec-

tively. As a result, photographic observational archive of 
Baldone observatory has about 700 U-plates, 5000 B-plates, 
4500 V-plates and more than 10000 R-plates. 
 

2. Results  
 
From 2013 year the regular digitization and processing 

of photographic astroplates started in Baldone observa-
tory. The plates were digitized using Epson Expression 
10000XL and 11000XL commercial scanners with the 
resolution 1200 dpi (or 2400 dpi). For processing all im-
ages were transformed to the FITS format through GIMP 
(www.gimp.org) software packages and ImageMagic 
(www.imagemagick.org). Standard images were proc-
essed using advanced complex LINUX / MIDAS / RO-
MAPHOT programs. The software was developed and 
implemented in MAO NASU to process the digitized as-
tronomic negative plates as well as to obtain the final 
product in the form of a catalogue of positions and stellar 
magnitudes for all registered objects on the plate. In detail, 
the process of digitization of images and their further 
processing and determination of coordinates and magni-
tudes are described in the series of publications (Andruk et 
al., 2005; 2007; 2010; 2014; 2015; 2016; Protsyuk et al., 
2014a; 2014b). The results of the software testing are de-
scribed in (Kazantseva et al., 2015; Yizhakevych et al., 
2014; 2015; Protsyuk et al., 2014; Andruk et al., 2013). 

Approbations of this software are the catalogs of stars 
coordinates and U-magnitudes and Pluto’s positions re-
ceived from observations in Baldone (Eglitis et al., 2016a;  
2016c). The equatorial coordinates α, δ and stellar magni-
tudes of all objects on the plates were obtained in the ref-
erence system of Tycho-2 at the epoch of exposition of 
each plate. Photographic Uph-magnitudes of objects were 
calibrated with photoelectric Upe-magnitudes. 

The processing results of 152 observations of clusters and 
Pluto in UBVR bands in 1967-1996 were used for broad 
search for images of small bodies of the Solar system. As a 
result, 57 asteroids and 2 comets (31P/Schwassmann-
Wachmann 2, C/1969 T1 (Tago-Sato-Kosaka)) were identi-
fied on these plates. From them 87 positions of asteroids 
and 2 positions of comets were received. These objects 
cover magnitude range from 9.8 to 17.1. All of them have 
orbit types: Main Belts, Hungarias and Mars-crosser. 
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Table 1 shows the number of asteroid’s positions on all 
used plates with U, B, V, R filters. Figure 1 shows the 
distribution of all searching asteroids for all used plates 
and U-, B-, V-, R- plate’s individual contribution in 
searching. More faint asteroids were identified only on 
astroplates with V, R filters. 

For 33 U-plates the rms-error of coordinates of reduction 
to reference system is 0.10 arcsec for both coordinates. The 
rms-error of U-magnitude of calibration  with photoelectric  
Upe-magnitudes is 0.19. For single B, V, R-plates the accu-
racy values are presented in (Eglitis et al., 2016b). For se-
veral astroplates the digitizing six times in a row and further 
processing were performed to determine the accuracy of 
measurements of coordinates and magnitudes. According 
data analysis, the rms-error of measurements of coordinates 
increases to 0.25 arcsec with increasing asteroid’s magni-
tude from 13 to 16 (Eglitis et al., 2016b).  
 
 
Table 1.Astroplates used from Baldone astroplate archive. 
 

Number 
of plates 

Filter Period 
of 
observa
tions 

Total 
number of 
positions 
of 
asteroids 
identified 
on plates 

Number of 
positions of 
asteroids 
identified 
before 
discovering 
dates 

143 U  1967-
1987 

45 9 

7 B  1969-
1996 

16 2 

1 V 1973 10 7 
1 R 1973 16 12 

∑=152   87 30 
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Figure 1: Distribution of all searching asteroids (top fi-
gure) and individual contribution U, B, V, R -plates 
(lower figure)  

Full catalog of coordinates α, δ and magnitudes of 87 posi-
tions of asteroids is given at http://baldonesobservatorija.lu.lv. 
The comparison with the JPL DE431 ephemeris 
(http://ssd.jpl.nasa.gov/horizons) is given. 30 positions of as-
teroids from total searching quantity were observed many 
years before their discovering dates. Equatorial coordinates α, 
δ and stellar magnitudes U (or B, or V, or R) and O-C diffe-
rences in both coordinates, and U-Mv (B-Mv, V-Mv, Mv-R), 
where U – ultraviolet, B – blue, V – visual, R – red observed 
magnitudes, Mv -approximate visual asteroid’s magnitude 
calculated by ephemeris JPL, presented in the Table 2. But 12 
positions of asteroids in this table have the earliest chronologi-
cally observations among all known in the world. With bold 
font pointed these observations in this table. For several aste-
roids (31527, 2356, 2078) the distributions of all known obser-
vations in the world are presented on figures 2a,b,c. 
Observational data took from Minor Planet Center 
(http://www.minorplanetcenter.net/db_search). With bold 
black color pointed observation in Baldone. 
 

3. Conclusion  
 
On photographic plates of Baldone Observatory can be 

detected asteroids with high accuracy up to 16-17 
magnitude. Among those may be objects which 
discovered much later than observed. The presence of the 
archive of all observations in time scale 1966-2002 will 
give possibilities to select and process the interesting 
asteroids, including the bright Kuiper Belt objects. 
Cooperation with Ukrainian Virtual Observatory gives the 
opportunity to expand this work, involving numerous 
additional files of observations and, ultimately, to increase 
the number of new original positions. From this view 
Baldone observatory could compete with modern 
observations. A necessary condition for obtaining high-
precision series of observations of asteroids is the 
presence of a confident moment of observations.  

This investigation is supported by FP7 project 
„Noctural atmosphere”.  
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Figure 2a,b,c: Distributions on time scale of all known 
observations in the world for 31527, 2078, 2356 asteroids. 
With bold black color pointed observation in Baldone. 
 

Table 2. Asteroids observed in Baldone before their 
discovering dates. 

 

Object   
number 
name 

RA, 
J2000.0 
h m s 

Dec, 
J2000.0 
deg  '  " 

Magni
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Plate  26   (UT=1967-04-28.880787) 

2048  
Dwornik 

(1973 QA) 

121557.635 +265627.19 16.66 U -.85 .03 .37 

Plate  38   (UT=1967-05-12.878773) 

2048  
Dwornik 

(1973 QA) 

121521.343 +270852.92 - -.55 -.89 - 

Plate  246   (UT=1968-12-20.939583) 

2073  
Janacek 

(1974 DK) 

055815.208 +234757.40 16.04 U -.96 .62 .59 

2521  Heidi 
(1979 DK) 

061008.994 +254139.11 16.22 U .53 .13 .97 

Plate  247   (UT=1968-12-20.961805) 

2356  
Hirons 

(1979 UJ) 

064122.935 +010604.39 16.75 U .16 -.19 .95 

Plate  355   (UT=1969-02-25.103587) 

31527  
(1999 

CM126) 

123431.805 +264334.75 16.16 B .03 -.58 -.29 

Plate  2492   (UT=1973-01-01.869005 

1964  
Luyten 

(2007 P-L) 

060210.229 +205211.52 16.94 V -.57 -.23 1.13 

2222  
Lermontov 
(1977 ST1) 

055721.505 +232045.48 14.22 V -.51 -.67 -.59 

4095  
Ishizuchisan 
(1987 SG) 

060542.953 +215512.14 15.87 V -.75 .15 -.64 

5588  
Jennabelle 
(1990 SW3) 

061027.128 +234945.76 16.50 V .04 -2.00 .03 

8260  (1984 
SH) 

060916.957 +215506.72 18.25 V -.33 .60 1.27 

14221  
(1999 WL) 

055455.643 +223031.62 16.36 V .22 .09 -.11 

26629  
Zahller 

2000GZ132 

055505.199 +225921.89 16.88 V .96 -.86 -.23 

Plate  2496   (UT=1973-01-01.883241) 

1964  
Luyten 

(2007 P-L) 

060209.360 +205211.31 14.68 R -.64 .17 1.13 

2222  
Lermontov 
(1977 ST1) 

055720.803 +232046.92 13.56 R .17 -.17 1.25 

4095  
Ishizchisan 
(1987 SG) 

060541.979 +215511.04 14.80 R .04 -.15 1.71 

5588  
Jennabelle 
(1990 SW3) 

061026.231 +234951.53 14.98 R -.44 .23 1.50 

5877  
Toshimaiha

ra (1990 
FP) 

055150.141 +232721.98 15.25 R 1.03 -.36 1.38 

7346  
Boulanger 

(1993 DQ2) 

055557.298 +211840.79 15.40 R .45 .10 1.38 

8260  (1984 
SH) 

060915.903 +215507.20 16.67 R -.70 -.18 .31 

11974  
Yasuhidefuj

ita (1994 
YF) 

060111.237 +214944.57 15.63 R .32 -.16 1.43 

14221  
(1999 WL) 

055454.716 +223035.14 15.62 R .56 -.06 .85 

16506  
(1990 UH1) 

060319.833 +245725.71 14.57 R .54 -.27 1.35 

22282  
(1985 RA) 

061122.090 +233152.17 15.33 R -.42 .17 1.21 

26629  
Zahller 
(2000 

GZ132) 

055504.277 +225918.46 16.12 R .37 .23 .99 

Plate  3511   (UT=1974-03-12.886782) 

2659  Millis 
(1981 JX) 

060658.341 +222218.86 16.59 B .38 1.06 -.18 

Plate  4318   (UT=1975-05-08.893865) 

6785  (1990 
VA7) 

102220.190 +311948.67 16.52 U -1.07 .16 .08 

Plate  5912   (UT=1976-12-24.155115) 

3024  
Hainan 
(1981 
UW9) 

102328.384 +285515.06 17.36 U .37 .44 .67 

Plate  15652   (UT=1987-03-24.954630) 

5914  
Kathywhale

r (1990 
WK) 

122048.075 +122110.13 17.13 U .52 -.41 .70 

Plate  15661   (UT=1987-03-25.929259) 

7472  
Kumakiri 

(1992 CU) 

123316.961 +131747.44 16.16 U .35 .09 .28 
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ABSTRACT. The University of Latvia's Institute of as-

tronomy possesses a collection of 22 thousand photographic 
plates taken by the 1.2 m Schmidt telescope located at the 
Baldone observatory. Among others, there are 767 astro-
negatives in this collection obtained in 314 sky areas using 
the Johnson U-filter. The field of view of each negative 
covers 19 square degrees. The plate scale is 72”/mm. The 
digitizing of the UV-collection has started in June 2016 
with EPSON EXPRESSION 10000XL flatbed scanner. The 
general aim of the digitizing is to obtain UV-magnitudes 
and positions of all objects registered on the plates. Up to 
date near a half of the UV-collection is digitized. 24 digi-
tized MEGA program plates of the collection were used for 
the preliminary investigation of the quality of photographic 
material and scanner systematic behavior. The catalog of 
positions and UV-magnitudes of 68.784 stars and galaxies 
for 12 regions allows evaluating the expected accuracy of 
the whole observed material. The estimated accuracy for all 
objects is  σαδ =  ±0.28" and  σU = ±0.20m  for positions and 
brightness respectively. For the stars with U = 8m – 14m 
these errors are σαδ = ±0.11" and  σU = ±0.09m. The conver-
gence of coordinates with respect to the coordinates of the 
reference system Tycho2 is σαδ= ±0.06". The conformity 
with photoelectric Upe-magnitudes is ±0.13m. 
Keywords: digital image processing, ultraviolet, star cata-
logues 
 

1. Introduction 
 
The fields of interest of wide band UV-photometry used 

to be the vicinity of flare stars (or the supernova), the 
fields of active galaxy nuclei, the star formation regions, 
the fields of clusters, the dwarf nova, quasars and black 
holes (Wils, 2010; Krawchuk, 2013). However, UV 
photometric observational data are considerably less than 
those derived in the blue, visible and infrared spectral 
ranges as it is clear from the VisieR database collection of 
catalogs and publications. 

Baldone Observatory of Institute of Astronomy, Latvian 
University possesses the photographic collection of 22 000 
astroplates obtained using 1.2 m Schmidt telescope (Eglitis, 
2016). The observational period started in 1966 and lasted 
for 39 years.  The area of the sky, covered by a single plate 
is approximately 19 square degrees and contains from 10 
000 to 50 000 images of different celestial objects. The 

image scale is of 72 ''/mm. Plates were obtained with two 
exposures of different duration with the shift of the tele-
scope between them along both coordinates. 

 The digitizing of the UV-collection has started in June 
2016 with EPSON EXPRESSION 10000XL flatbed scan-
ner. Its photometric and astrometric characteristics were 
previously tested, and the optimum mode of scanning was 
found. Results of testing are given in (Protsyuk, 2014a; 
2014b). Note, that random positional and photometric 
errors of the scanner for 1.2 m Schmidt telescope are 
0.04” and 0.015m correspondingly. 

 
2. Sequence of plate image processing 
 
Next processes of digitized negatives’ processing are 

tested in the series of works and were realized  in catalogs 
of celestial objects (Protsyuk, 2014c, Kazantseva, 2015, 
Yizhakevych, 2015, Andruk, 2016a, Andruk, 2016b): 

1. Preliminary image processing in 
MIDAS/ROMAFOT software to obtain pixel coordinates 
X, Y and instrumental estimations of magnitudes of fixed 
objects. 

2. Separation of objects into sets of two expositions for 
each plate. 

3. Selection of Tycho-2 reference stars’ set into 
reference file for each plate. 

4. The preliminary solution of equations for rectangular 
and equatorial coordinates of the set of reference stars. 

5. Correction of the rectangular coordinates of objects 
for the scanner systematic errors. 

6. The reduction of rectangular coordinates X, Y of all 
fixed objects into the Tycho-2 reference system. 

7. The reduction of instrumental photometric 
estimations to the Johnson photoelectric Upe magnitudes.      

The detailed description of the above said procedures is 
given in (Andruk, 2015).  

 
3. Astrometric reduction into Tycho2 reference sys-
tem 
 
For all plates the reduction model was represented in 

the form of complete polynomials of the 6-th degree, sup-
plemented by the members of the equation accounting the 
effects of coma, distortion, and magnitude equation 
(Andruk, 2016a; Eglitis, 2016a).  The  results  of the astro- 
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Figure 1: The results of the astrometric reduction into 
Tycho-2 system.  

 
metric reduction are shown in Fig.1. The epoch of the 
plate is 1966.02.12. Left and right panels show the differ-
ences of equatorial coordinates Δα, Δδ before and after the 
corrections for the systematic errors of the scanner. The 
differences of coordinates are represented in relation to 
pixel coordinates X,Y, and B-magnitudes from Tycho2. 
The lower panel depicts the distribution of Tycho2 stars 
over the field of the plate (on the left) and the connection 
of instrumental photometric m-values and  B-magnitudes 
of Tycho2 (on the right). 

 
4. Photometric reduction into the photoelectric U-

magnitudes 
 
The data from (Andruk, 1995; 1996a; 1996b; 1996c; 

Relke, 2015) catalogs were used for the calibration of 
characteristic curves, accounting for the photometric error 
across the field of view and the reduction of instrumental 
photometric values into Johnson photoelectric Upe magni-
tudes. Characteristic curves were restored using photomet-
ric data of both exposures. The approximation of charac-
teristic curves and derivation of photographic magnitudes 
Uph (U = Uph)  for 24 plates were made by rms solution of 
the system of equations in the form of polynomials of the 
5th degree. These equations describe the functional view of 
a characteristic curve with the members of equations ac-
counting photometric error across the field of view 
(Andruk, 2016a; Eglitis, 2016a). The results of the photo-
metric reduction for astronegatives with two exposures are 
represented in Fig. 2.  

 

 
Figure 2: The results of the photometric solution for plates 
with two expositions. 

 
 
Here, the steps of the characteristic curve restoration are 

depicted (a,b). Panels c-g show the differences ΔU be-
tween U-magnitudes of stars calculated by characteristic 
curve and their photoelectric values. ΔU are given in rela-
tion to coordinates X and Y, distances from the center of 
the plate R, color index  B-V and photoelectric U-
magnitudes.  

 
 
 

 
 

Figure 3: The trend of the internal errors for positions σα, 
σδ and magnitudes σU with U-magnitude (panel a) and 
the histogram of the distribution of the number of objects 
with U-magnitudes. 
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Figure 4: Positional errors for Tycho-2 stars in relation to 
B magnitudes from Tycho-2. 

 

 
Figure 5: The comparison of derived U-magnitudes with 
photoelectric ones. 

 

 
Figure 6: The distribution of 12 areas of MEGA program 
on the sky. 

 

5. Catalog of  U-magnitudes  of MEGA program 
 
After the treatment of 24 plates of MEGA program ex-

posed in Baldone by 1.2 Schmidt telescope in U band, the 
catalog of positions and U-magnitudes for 68 784 stars 
and galaxies in 12 sky areas was made. Positions of ob-
jects are obtained in the system of Tycho-2, U-magnitudes 
are represented in the system of photoelectric standards. 
The internal accuracy for all objects is σαδ =  ±0.28" and  
σU = ±0.20m . For stars in the range of magnitudes  U = 8m 
-14m the correspondent errors are σαδ = ±0.11" and  σU =  
±0.09m (Fig.3). The convergence of coordinates with the 
Tycho-2 reference system shown in Fig.4  is σαδ= ±0.06" 
(for 5 814 stars). The convergence with photoelectric Upe-
magnitudes is  σB =   ±0.13m (for 876 stars). The results of 
the comparison are given in Fig.5.  The distribution of 
areas on the celestial sphere is represented in Fig.6. 

 
6. Conclusion 
 
For astronegatives with 2 exposures, the programing 

technique of characteristic curve restoration is developed 
and implemented for the creation of the catalog of 
positions and UV magnitudes of stars and galaxies. As a 
part of the UV collection is obtained with 1 exposure, it is 
necessary to find an empirical or analytical relation 
between measured  and reference values of magnitudes in 
the case of absence of photoelectric standards in the 
section of extremely faint stars. 

This investigation is supported by FP7 project „Noc-
tural atmosphere”. 
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ABSTRACT. Stars with high proper motions, for the 
most part, are objects located in the solar neighborhood 
within 100 parsecs. These stars are important targets for a 
wide range of astrophysical problems, but the accuracy of 
the results depends on the completeness of the star sam-
ples. The uniform distribution over the celestial sphere is 
also important for kinematic studies. There are two cata-
logs of the fast stars in northern hemisphere, while only 
scattered lists of such stars are available for southern hem-
isphere. This paper presents the results of analysis of sam-
ples of stars with proper motions exceeding 150 mas/year 
from the modern catalogs of astronomical database CDS 
(PPMXL, SPM4, UCAC4, XPM, APOP, LSPM, Tycho2, 
URAT1 and WISE). Results of pairwise mutual cross-
identification of the samples have shown that modern as-
trometric catalogs contain a significant number of false 
identifications of stars with large proper motions, and the 
total number of common stars in the resulting samples is 
extremely small and is not more than 20% on average. 

Keywords: astronomical database, astronomical catalogs, 
stars: high proper motions stars 
 

1. Introduction 
 
Currently there are only a few ad hoc catalogs with the 

high proper motions (HPM) submitted in Strasburg data-
base. 

The most complete catalogs of stars with proper mo-
tions are the LSPM catalog based on the results of DSS 
scans from Palomar Sky Surveys (POSSI and POSSII) 
(Lepine et al., 2005) and compiled catalog HPM-v2 main-
tained by the Main Astronomical Observatory of the Na-
tional Academy of Sciences of Ukraine (Ivanov, 2008). 

Both catalogs contain only stars in the Northern Hemi-
sphere. The LSPM catalog contains 61 977 stars up to 
21 m with proper motions of more than 150 mas/yr . The 
catalog is 98% full for the stars up to 19m. The HPM-v2 
catalog is created on the FONAK 1.0 (Kislyuk et al., 
1999) proper motions and 770 other available astronomi-
cal catalogs and sources. The catalog contains information 
about 618 238 stars with proper motions more than 
40 mas/yr up to 16 m. The limiting magnitude up  to 17m 
for stars belong to double  or multiple system.  

The NLTT Catalogue (Luyten, 1980) and Revised 
NLTT Catalog (Salim, 2003) are catalogs that cover 
whole celestial sphere. NLTT Catalogue contains 58 845 
stars with proper motions more than 200  mas/yr. Revised 
NLTT Catalog include 36 085 stars over whole sky, but 

these catalogs are not complete and their stars are un-
evenly distributed over the sky (see Figure 1). 

 
 

 
 

Figure 1: Distribution stars of the NLTT (up) и Revised 
NLTT (down) over celestial (Aitoff projection, equatorial 
coordinate system) 

 
 
Over the last twenty years some large catalogs with 

stars proper motions become available for studies. Table 1 
is given the catalog list that can be used for search and 
selection data with high proper motions stars. The list of 
catalogs in table 1 includes also catalog ALLWISE (Cutri 
et al., 2013). In this catalog, there are no proper motions. 
We used “d2M” field (distance separating the positions of 
the WISE source and associated 2MASS PSC (Cutri et al., 
2003) source) for selection HPM stars. Since the mean 
observational epoch of WISE survey is 2010.55, only stars 
in range from 1.5″ to 3.0″ were chosen. The value 3.0 is 
declared as a maximal value which is used for cross-
identification between 2MASS and ALLWISE data. 
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Table 1. Input catalogs.  
Catalog, 

year 
Limit 
Mag 

Number of 
stars Declination 

LSPM, 2005 V 19.0 61 977 +0° — +90° 

HPM-v2, 2008 V 16 618 238 –2.5° — +90° 

APOP, 2015 R 20.8 100 774 150 –90° — +90°* 

Tycho2, 2000 V 11.5 2 539 913 –90° — +90° 

PPMXL, 2010 V 20 910 469 430 –90° — +90° 

SPM4, 2011 V 17.5 103 319 647 –90° — –20° 

UCAC4, 2012 R 16 113 780 093 –90° — +90° 

URAT1, 2015 R 18.5 228 276 482 –24.8°— +90° 

XPM, 2011 B 19 313 610 083 –90° — +90° 

ALLWISE, 2013 W 17.1 747 634 026 –90° — +90° 
* - Except for  ±20° from Galactic Ecquator 

 
2.Processing and Results 
 
At the first stage samples of stars with proper motions 

more 150 mas/yr were selected from HPM-v2 catalog.  
Then cross-identification between HPM-v2 and LSPM 
catalogs in common declination zone were made. The size 
of search window was 1. The number of common stars 
was only 17 435. The distribution of HPM stars from 
HPM-v2 (41 550 stars), LSPM (61 515 stars) and their 
common stars over celestial sphere are given in Figure 2. 
As can you see, if the initial samples have demonstrated 
conspicuous concentration of stars in the plane of the ga-
lactic equator then the distribution of the common stars is 
rather uniformly. Possible reasons for this fact are the dif-
ficulties in cross-identifying of the fields with high density 
of stars and large errors of the star proper motions in this 
region.  

 
Table 2. Number of high proper motion stars. 

Number of stars with PM 150мсд/год Catalog 

All  0δ90 -90δ<0 

LSPM 61 977 61 977 0 

Hpm-v2 41 550* 40 034 1 516 

APOP 21 499 5 894 15 605 

Tycho2 16 673 8 202 8 471 

PPMXL 75 628 403 24 416 790 51 211 613 

PPMXL* 5 679 268 1 869 585 3 809 683 

SPM4 212 685 — 212 685 

UCAC4 968 245 59 319 908 926 

URAT1 690 982 547 135 143 847 

WISE 11 902 471 4 263 856 7 638 615 

XPM 4 272 089 144 4 271 945 

 
 
Figure 2: The distribution of HPM stars from HPM-v2 (1), 
LSPM (2) and their common stars over celestial sphere 
(Aitoff projection, equatorial coordinate system). 

 
At the next stage the samples with HPM stars were se-

lected from the modern astrometric catalogs listed in the 
table1. The table 2 contains the results of this selection 
separately for Northern and Southern hemisphere. As can 
be seen, the number of Southern HPM stars is several 
times higher than the number of Northern HPM stars in 
PPMXL (Roser, 2010), UCAC4 (Zacharias et al., 2012), 
URAT1 (Zacharias et al., 2015) catalogs. 

For ALLWISE data the number of entries with “d2M” 
more 1.5 amounted to almost 12 million, and the number 
of HPM stars for Southern hemisphere here is also twice 
more than Northern one.  

The HPM stars in XPM catalog (Fedorov et al., 2011) 
are almost lacking in the Northern hemisphere. Catalog 
XPM also contains incredibly large number of stars with 
high proper motions in Southern hemisphere. 

 The total number of HPM PPMXL stars exceeds 
75 million. Roser et al. pointed to vast majority of 
PPMXL stars with high proper motion must be fakes. 
There are two lines corresponded PPMXL data in table 2. 
The second line (PPMXL*) gives the number of HPM 
stars with 2MASS flag identification. The obtained 
number of the Southern HPM stars is comparable with 
value obtained for XPM catalog for this region. The 
possible explanation of this fact could be the same 
underlying surveys, but the distribution of HPM stars 
from PPMXL catalog (see figure 3) have shown the plate 
structure unlike a similar distribution for XPM catalog.  

Probably, the most part of the Southern UCAC4 HPM 
stars are also fakes. 
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Figure 3: The distribution of HPM stars from PPMXL (up)  
and XPM (down) over celestial sphere (Aitoff projection, 
galactic coordinate system). 
 

The pairwise mutual cross-identification of the selected 
HPM samples were performed. The results of search 
common HPM stars between different catalogs are given 
in table 3. The cross-identification was made with search 
radius of 1. The obtained number of common stars for all 
pairs is very small and not exceeds 5% of the total volume 
of compared samples. 

 
Table 3. The results of the pairwise mutual cross-

identifications between different catalogs. 

Common stars  Cross-matched 
Catalogs  All North South 

PPMXL-WISE 99 440 45 705 53 735 

SPM4-WISE 13 539 - 13 539 

UCAC4-WISE 44 585 24 968 19 617 

URAT1-WISE 72 081 61 422 10 659 

XPM-WISE 27 701 - 27 701 

PPMXL-XPM 238 691 115 238 576 

XPM-UCAC4 10 573 7 10 566 

SPM4-UCAC4 17 910 - 17 910 

URAT1-UCAC4 24 106 21 493 2 613 
 
The cross-identification between LSPM catalog and 

some catalogs from table 1 was performed for samples of 
Northern declination zone. These results are given in  
table 4.  

Taking into account the limiting magnitudes of the giv-
en catalogs, should be assumed that the URAT1 catalog is 
not complete with respect to the HPM stars in the North-
ern hemisphere. 

 
Table 4. The cross-matching results with LSPM catalog. 

Catalog All Common with 
LSPM  

UCAC4 59 319 32 990 

URAT1 547 135 36 777 

HPM-v2 41 550 17 461 

PPMXL* 1 869 585 51 054 
 

 
3. Conclusions 

 
The samples of stars with proper motions more 

150 mas/year were chosen from some modern catalogs 
CDS database. The number of common HPM stars ob-
tained from results of mutual pairwise cross-
identifications between different catalogs is not more than 
5 % of total volume of compared samples. 

There are three main reasons complicated the studies of 
high proper motion stars: 

1) actual proper motions accuracy in Galactic plane is 
much worse than declared accuracy of individual catalogs; 

2) there are no whole celestial sphere catalogs with high 
accuracy astrometric positions for stars  fainter than  
16-17mag; 

3) the different limiting magnitudes and photometric 
bands create certain complexities by doing catalogs cross-
matching. 
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ABSTRACT. Almost 40-year history of FON project 

ended with the creation of the whole northern sky catalog 
of objects down to B ≤16.5m. The idea of 4-fold overlap-
ping of the northern sky with 6 wide-field astrographs has 
not been realized in full. For historical reasons it has been 
transformed into the 2-fold overlapping observational 
program of MAO NAS of Ukraine, resulted in three ver-
sions of the multimillion catalog of positions, proper mo-
tions, and B-magnitudes of stars. The first version of 1.2 
million stars  had been finished before the 2000s and is 
based on the AC object list. The measurements of plates 
were made by automatic measuring complex PARSEC, 
specially developed for massive photographic reviews. As 
the input list was limited by AC objects, the most part of 
stars on the FON plates remained unmeasured. Principles 
of workflow organization of such works formed the basis 
for the further development of the project using the latest 
IT-technologies. For the creation of the second and the 
third versions of the catalog, the list of objects was ob-
tained as a result of total digitizing of plates and their im-
age processing. The final third version contains 19.5 mil-
lion stars and galaxies with the maximum possible for the 
photographic astrometry accuracy. The collection of 
plates, obtained in other observatories – participants of the 
project, are partially safe and can be used for the same 
astrometric tasks. 

 
Keywords: virtual observatory tools – astrometry – 

techniques: photometric – methods: data analysis – cata-
logs 

 
1. Introduction 
 
The plan of the photographic review of the northern 

sky (FON) was proposed in 1976 at MAO NAS of 
Ukraine by astronomers I.G.Kolchinsky and A.B.Onegina 
[Kolchinsky, 1977]. The idea arose after the acquisition of 
similar wide-angle astrographs of Carl Zeiss  company 
with focal length 2 or  3 meters and aperture 40 cm in 
several observatories of the former USSR. For that mo-
ment, the Carte du Ciel project (CdC) was entirely com-
pleted. That project launched as far back as the end of 
XIX century and resulted in the compiled catalog of pre-
cise positions of stars down to 11m and the photographic 
atlas of stars down to 14m made by photographic plates of 
zone astrographs.  The digitizing of CdC plates, made at 
Sternberg astronomical institute in Moscow in 80-s of the 
last century, ended with the creation on their basis  the 

Astrographic Catalogue (AC), containing 4 million stars at 
the epoch of observations and equinox В 1950.0. It was in 
the air,  the idea of  repetition of that project using modern 
instruments. The epoch difference for over  70 years pro-
vided the proper motions of a vast amount of stars with 
the best accuracy for that moment.   It was possible on 
condition that the observational program,  plate measure-
ments and their treatment would be completed quickly.   

The first condition was provided by similar instruments 
able to obtain the  necessary photographic material during 
several years. After the thorough testing of instruments, 
the optimal overlapping scheme was proposed, and the  
common technique of observations was agreed [Kislyuk, 
2000]. The optimal working field was  accepted to be 
40x40 for all astrographs. In order to account the magni-
tude equation, the observations were carried out with two 
exposures of different duration with the shift of the tube 
between them along both coordinates. The short exposi-
tions are 18-22 seconds long, and the long one is 16-24 
minutes.    

The second condition of a successful project should be 
to develop and devise the automatic facilities for meas-
urements of plates. A.V.Sergeev and O.E.Shornikov, en-
gineers (for that moment) of Kazan Engelhardt observa-
tory created the programming automatic measuring com-
plex PARSEC designed for massive star measurements 
[Sergeev, 1991]. Five PARSEC complexes were installed 
in Nikolayev, Kiev, St.Petersburg (Pulkovo), Moscow 
(Zvenigorod), Kazan. Two of them (Kiev and Nikolayev) 
were involved into FON project.  

PARSEC was able to measure the rectangular coordi-
nates of star images with a repeatability ±0.6 – 2 m in 
dependence on the quality of images and stellar magni-
tudes with an accuracy ±0.01 – 0.02m. It had two modes of 
operation. The first one is the automatic scanning of all 
objects presented in the given area. The second mode was 
semi-automatic scanning the sample of objects with pre-
calculated coordinates. This mode was used for the meas-
urement procedure in FON project as the task was to ob-
tain proper motions of stars. The number of objects meas-
ured per hour was 400 to 900 in dependence on precalcu-
lated coordinates’ accuracy.  

For the implementation of the third condition the start-
ing point was the method of the processing the pool of the 
overlapped plates as the whole, using variables describing 
the common plate parameters together with individual 
ones. The method was  mathematically developed and 
proved by  H.Eichhorn [Eichhorn, 1963]. The solution of 
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the system of equations with tens of thousands of  vari-
ables, as it was shown by H.Eichhorn, supposed to be the 
best way to account the instrumental aberrations and pro-
vide the homogeneous accuracy of the resulted catalog, 
obtained on the basis of the pool of overlapping plates. 
The main problem of the method was  that the computing 
facilities, available at the time, were not able to execute 
that task entirely for such a system of equations. There-
fore, in FON project the Eichhorn method was decided to 
apply partially, using the benefits of the overlapping with-
out solving the joint bulky and often ill-conditioned sys-
tems of equations.  

 The FON project was supposed to provide the four-
fold overlapping of the northern sky by several similar 
telescopes. Each observatory participating in the project 
had to carry out the one-fold covering  of its part of the 
northern hemisphere with the shift of plate centers by 2o 
relative to other observatories in order to eventually obtain 
the four-fold overlapping.  After the collapse of the USSR, 
the coordination of work was broken and some observato-
ries could not complete their observations. On the same 
reason, the measurements of plates could not be conducted 
in most observatories.  Therefore, the decision was made 
to enhance the MAO NASU observational program to the 
whole northern hemisphere including the most southern 
Kitab zone. 

The regular observations started in 1982. During 15 
years of observations (1980-1995) in MAO NASU, it was 
obtained near 2400 plates covering the sky from +2o to 
+90o on declination. Another 90 plates in -2o to +2o decli-
nation zone were received from Kitab observatory. 

 
2.  FONAC V1.0 
 
The first version of the catalog was built on the basis of 

1700 plates of best quality selected for measurements on 
MAO NASU PARSEC complex.  Some of the plates were 
repeatedly measured in Nikolayev observatory to evaluate 
the accuracy of measurements.  The input catalog for the 
measurements was АС.  To ensure the stability of metro-
logical characteristics of the measuring complex during 
the measurements the algorithms and programs for control 
and diagnostic of PARSEC equipment were devised and 
implemented. They provided the continuous monitoring of 
repeatability of measurements, the current analysis and 
registration of non-standard situations that arose in meas-
uring process and during the preparation of input files for 
their further treatment. The time of measuring of one plate 
with the mean rate of 600 objects per hour varied from 1 
and a half to 20 hours relatively to the number of stars 
fixed on the plate.   All the measurements were carried out 
during 1991-1998.  

For the optimization of the measurements and systema-
tization of the accumulated data, the database with the 
control software was developed and implemented. The 
user interface allowed to create, replenish and correct the 
database of measured plates, to make a schedule of the 
measurements, to obtain the reference data about meas-
ured plates, to control the measurement process, to com-
pose reports on measured declination zones, to prepare 
input files, to make the technical monitoring of measure-
ment process and so on.  The input files  for measure-
ments  include lists of previously calculated rectangular 

coordinates of objects, corrected for the distortion and 
coma effects. Lists were divided into blocks of 400 ob-
jects. Four control stars were measured at the start and the 
end of each block for the accounting of the instrument 
parameters’ variations. Both expositions were measured 
for bright stars. For stars fainter than 10.5m only long ex-
position was taken into account.  The software package 
includes Assembler, FORTRAN, and Pascal modules. 

The initial reduction of measured coordinates was 
made with PPM star catalog as a reference. The reduction 
models were used in the form of incomplete cubic poly-
nomials for each coordinate separately. Plate parameters 
were derived from the combined solution of connection 
equations for both exposures. To evaluate the number of 
significant members in the reduction model, the solution  
of conditional equations was made by Gram-Schmidt or-
thogonalization method. The errors of measurements,  
depending on brightness and  a star position on a plate 
were accounted by constructing the aberration masks us-
ing data of GSC1.0. After the completion of HIPPARCOS 
mission catalogs and their derivative ones the re-reduction 
of measurements became possible. As a result, it ulti-
mately gave the improvement of the accuracy ofn posi-
tions and proper motions of one and a half times.    [Yat-
senko, 2000]. The photometric reduction into B system 
was made using Tycho and USNO A2.0 catalogs. B-V 
color indices were obtained from  Tycho and GSC 1.1 
data.  

The final reduction of measured coordinates was made 
with ACT catalog as a reference. ACT is based on data of 
AC2000, which is AC in the HIPPARCOS system, and 
Tycho. The result of final reduction was FONAC, the cat-
alog of positions and proper motions based on the data of 
FON project and Astrographic Catalog  [Kislyuk, 2000]. 
The first version of FONAC contains positions, proper 
motions and photometric data in B, B – V, B – R bands for 
2 004 701 stars from  АС list in the declination zone from 
-2° to +90°.  The mean epoch of positions is 1988.19. For 
the determination of proper motions, AC2000 data was 
used as the first epoch. Photometric values of stars were 
derived from data of  АСТ, GSC 1.1, USNO A2.0. The 
accuracy of FONAC in dependence on object brightness is 
evaluated as ±0.18-0.25"  for positions, ±3-5mas/yr for 
proper motions and  ±0.18-0.25m for brightness. As a rule, 
errors increase for stars brighter than 7.5m  and fainter than 
11.5m. 

The main shortcoming of the first FONAC version was 
that it is created on the basis of the one-fold covering of 
the sky instead of the four-fold overlapping. In addition, 
the abilities of PARSEC measuring complex were limited 
by an AC input catalog data list. Limited magnitudes in it 
are ±13-13.5m in B band. Therefore, after the completion 
of the first version, the most part of stars on the FON 
plates remained unmeasured (~13.5-16.5m) . 

 
3. Ukrainian Virtual Observatory and new pros-

pects of FON 
 
In the 1990s, when the world has begun 

implementation of the ideas of digital astronomy,  the  
IVOA (International Virtual Observatory Alliance) work-
ing group  and IAU initiated  the compilation of the cata-
logue of archives of astronegatives (Catalogue of Wide-

Odessa Astronomical Publications, vol. 29 (2016) 133



Field Plate Archives, http://www.skyarchive.org/ 
catalogue.html, WFPDB – the archive of wide-angle pho-
tographic glass libraries) on data of ~200 astronomical 
institutions of the world. Those data had to be prepared in 
accordance with formats of data presentation devised by 
this group with the aim of their digitizing. The established 
database, obtained during the FON project workflow, be-
came the basis for MAO WFPDB-archive creation and its 
inclusion into the global database of observations being a 
part of UkrVO Joint Digital Archive [Vavilova, 2012a, 
Vavilova, 2012b]. The development of information tech-
nologies and the upgrade of computer facilities make pos-
sible the complete digitizing of FON plates, their process-
ing and data mining of all objects fixed on them.  

In the early 2000s, it has started the mass digitization of 
negatives using flatbed scanners equipped with transpar-
ency module for digitizing of transparent media.   The 
preceding thorough investigations of scanner digitizing 
capabilities, have shown that in the case of proper meth-
ods of scanning  [Andruk, 2012, Protsyuk, 2014a, Prot-
syuk, 2014b] and development of the appropriate software 
[Andruk, 2014, Andruk, 2015a, Andruk2015b, Protsyuk, 
2014a, Protsyuk, 2014b, Protsyuk, 2015, Kazantseva, 
2015, Muminov, 2016, Vavilova, 2014, Yizhakevych, 
2014 Yizhakevych, 2015 Yizhakevych, 2016, Yiz-
hakevych, 2017] the feasibility exists  to obtain coordi-
nates and brightness of objects with the best accuracy pos-
sible for the photographic material.  Two models of scan-
ners were selected for FON plates digitizing, namely Mi-
crotek ScanMaker 9800XL TMA and Epson Expression 
10000XL [Andruk, 2005a, Andruk, 2007, Andruk, 2010, 
Golovnya, 2010, Yatsenko, 2011].  The initial variant of 
plate image processing supposed to use two frames of 
each plate turned one to another by 90° with the aim of 
excluding the scanner errors along the axis of the matrix 
movement direction. That variant significantly increased 
the time consuming and the volumes of data storage.  The 
preliminary version of FON comprehensive catalog in-
cluded 15 million objects, was made using that method 
[Yatsenko, 2016].  

 
4. The final version of FONAC 
 
When processing digital images the improved algo-

rithms of primary treatment and the reduction were devel-
oped. They allowed to reject the technique of two frames 
and to eliminate the errors of scanning completely in the 
processing of one direct scan without prejudice to the final 
accuracy.   Moreover, these algorithms made it possible to 
use the total field of the plate, that provides at least a 2-
fold overlapping for 90% of objects and to exclude the 
images of the short exposure from the final processing. 
The software for plate image processing and the reduction  
of the measured coordinates and stellar magnitudes 
[Andruk, 2005, Andruk, 2015, ] has been developed on 
the basis of the standard MIDAS/ROMAFOT modules for 
the CCD images and supplemented with the special mod-
ules. The last ones  implemented the algorithms of the 
treatment of broad star fields, the correction of scanner 
errors and the image geometry influence on a position of 
an object using the reference catalog data by successive 
approximation (3-4 steps).  The application of the above 
said algorithms for the correction of primary data reduced  

the reduction errors more than two times compared to 
non-corrected values and gave an average of 20% better 
the final accuracy in comparison with the two frames 
technology.    

The final version of FONAC is based on the digital im-
ages of 2260 plates of Kiev and Kitab declination zones 
on which 153 million objects of various nature were regis-
tered. The catalog includes  19 568 347 stars and galaxies 
down to B ≤16.5m at the epoch 1988.1 [Andruk, 2016a, 
Andruk 2016b].  Each object was in an average obtained 
on 4 plates. 1,8 million entries in the catalog  have only 
one image. Plate images were obtained in grey 16-bit 
color range  with the resolution 1200 dpi. The astrometric 
reduction was made in the reference system of Tycho-2 at 
the epoch of plate expositions. The photometric reduction 
was carried out into the B – band  of the system of photo-
electric standards [Andruk, 1995, Andruk, 1996, Mermil-
liod, 1991, Kornilov, 1991, Relke, 2015]. In the overlap-
ping areas positions and stellar magnitudes were obtained 
as a weighted average based on the weights derived for 
each object from the reduction of the individual plates. 
The convergence between obtained coordinates of objects 
and Tycho-2 values is σαδ = ±0.06", the convergence with 
photoelectric B-values is σB = ±0.15m. The comparison of 
the catalog with UCAC-4 shows the rms differences  σαδ = 
±0.30".  The final version of the catalog is supplemented 
by proper motions and stellar magnitudes f, B, V, r, i from 
UCAC-4 [Zacharias, 2013].  

 
5. Conclusion 
 
Almost 40-year history of FON project ended with the 

creation of the whole northern sky catalog of objects down 
to B ≤16.5m. In the astrometry of the former USSR FON 
has become the only project of massive star catalogs from 
observations to catalog compilation and, from the very start 
to the finish made of the same team of participants.  Unfor-
tunately, the realities of life have not allowed implementing 
in full-scale the idea of I.Kolchinsky and A.Onegina of 4-
fold sky overlapping by instruments of 6 observatories. In 
the final stage of the project, we used the plates of two ob-
servatories: Kiev and partially Kitab as well as several 
plates of Zelenchuk collection.  The destiny of Abastumani 
and Zelechuk collections is unknown. The collection of 
Zvenigorod in its time was measured using the Moscow 
PARSEC complex and resulted in FOKAT stellar catalog. 
Now it is included in the database of  Zvenigorod WFPDB-
archive and is used for the solution of various special tasks 
where the time series of observations are required. The 
Dushanbe collection is safe and can be used for astrometric 
tasks.  The Kitab collection is now being actively  digitized 
and also used for the solution of various astrometric re-
search tasks [Muminov, 2013, Muminov, 2014, Muminov, 
2016a]. The FON project is unique with different stand-
points, including the organization of mass measurements of 
astronomical photographic material containing millions of 
objects. The creation of automatic measuring complex re-
quired enormous technical and programming preparatory 
work starting from the selection of available stellar catalogs 
and assession of their applicability to serve as input list of 
objects to the development of the hardware and software for 
general control of the process.  Henceforward, the elabo-
rated and practically tested principles of the massive meas-
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urements organization became the cornerstone of the Uk-
rVO archive databases and the system of their administra-
tion [Pakuliak, 2012],  which, in turn, made it possible to 
return and raise the FON project at the state-of-the-art level.      
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ABSTRACT. In this article we described complex 

processing system created by the CoLiTec project. This 
system includes features, user-friendly tools for process-
ing control, results reviewing, integration with online cata-
logs and a lot of different computational modules that are 
based on the developed methods. Some of them are de-
scribed in the article. 

The main directions of the CoLiTec software develop-
ment are the Virtual Observatory, software for automated 
asteroids and comets detection and software for brightness 
equalization.  

The CoLiTec software is widely used in a number of 
observatories in the CIS. It has been used in about 700 
000 observations, during which 1560 asteroids, including 
5 NEO, 21 Trojan asteroids of Jupiter, 1 Centaur and four 
comets were discovered.  

Keywords: Techniques: image processing, photometric – 
Astrometry – Methods: analytical, data analysis, numeri-
cal, statistical – Minor planets, asteroids – Comets: gen-
eral – Stars: variables: other 
 

1. Introduction 
 

International efforts for collecting of the astronomical 
data sources led to creation of international alliance of 
national observatories (IVOA). It coordinates activities of 
standardization description, search, access and data pub-
lishing.  

Alliance includes all virtual observatory projects, each 
of which solves its own scientific and technological prob-
lem. The main purpose of this organization became bring-
ing together astronomical observation results of ground 
and space instruments, providing astronomers with power-
ful and easy-to-use instruments for accessing collected 
data.  

The IVOA main purpose is to union national observato-
ries in the international virtual observatory; to develop 
sets of standards and technologies; to combine archives of 
ground and space instruments that will provide researches 
a comfortable way to access them, as well as providing 
astronomers with powerful mechanisms for investigation 
of observational data. 

Currently, there are twenty national and international 
projects of the Virtual Observatory (VO) in the world. 
Each of them share experience with another projects and 

develop common standards for working with astronomical 
data. For example, US VO is focused on providing new 
research opportunities in astronomy to the community. As 
part of the community Spanish VO is focused on NEO 
detection. The main scientific area of Australian VO is 
creation of a theoretical astrophysical observatory  for the 
galaxies simulation.  

The International Virtual Observatory integrates enor-
mous amount of data that contain various spectral ranges 
carrying  unique information about celestial objects, 
which gives possibilities of their use in specific scientific 
applications, such as CoLiTec software (Savanevych et 
al., 2012). 

The general tools for accessing information in IVOA 
are applications and services such as Astrogrid, Aladin, 
Topcat, SkyView. These tools allow users to work with 
surveys, catalogs and archives. Access to them is provided 
according to IVOA standards. 

 
2. Virtual observatory 
 
CoLiTec project develops the Virtual Observatory tak-

ing a part in the international astronomer community (Va-
vilova et al., 2012).  

The first step was creating software for storing and 
publication of CCD-frames. It allows user to archive and 
search frames by specified parameters and may be ac-
cessed via Aladin.  

The next step was creation of automatic frames loader 
in collaboration with Vihorlatsky observatory.  

Frames uploaded through the web-interface are moder-
ated and then processed with the On-Line Data Analysis 
System (OLDAS), as a part of the CoLiTec software. 
Processed frames are stored in the database from which 
they are published through SIAP protocol. 

Processing sequence of Virtual Observatory server con-
tains full stack of processing operations, that provided by 
the CoLiTec software (Savanevych et al., 2012). 

At the first time CoLiTec project presented the national 
project of Ukrainian Virtual Observatory (UrkVO) as a 
part of the international astronomer community (Vavilova 
et al., 2012). 

CoLiTec project created the software for storing and 
publication of CCD-frames that allows to archive and 
search frames by specified parameters (coordinates). Ex-
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ternal access to the storage is provided of its own web-
interface and can be accessed through Aladin. Software 
was implemented with using of VO technologies, includ-
ing SIAP access protocol. It allows receiving the addi-
tional frames from external resources such as the SDSS 
and 2MASS. 

Also CoLiTec project created the universal system for 
storing light curves of variable stars, together with a series 
of frames on which they were received - Vihorlatsky Vir-
tual Observatory (ViVO). The system has the frames life-
cycle which consists of the following steps: 

• Collection step, that includes taking image of the sky 
area and its transformation to the fit format; 

• Analyzing step contains moderation and preprocessing; 
• Accumulation step allows to store collected data; 
• Publication step provides access to already stored data. 
At data collection step astronomer with a telescope and 

specified software takes images of the interesting sky ar-
eas and transform it to fit format. 

Then user loads raw frames to the server via the web-
interface. These raw frames will be moderated before its 
processing. At this stage faulty and unsupported frames 
are rejected. OLDAS system processes frames as soon as 
they successfully uploaded on the server. This technique 
allows to greatly speed up processing and provides user 
immediate notification of emerging issues. Processed data 
will be stored in the database and publishing via SIAP 
protocol.  

The web-interface is the primary tool for frames up-
loading and management. It allows user to determine 
frames affiliation to the series and telescopes. Also you 
can view and edit the already uploaded series. Frames 
processing management allows user to select processing 
type (asteroids detection, frames background alignment, 
publishing). You can also start and stop processing, enable 
or disable notifications messaging.  

The frame storage consists of two parts: 
1. The first part is storage of fits metadata. It is the in-

formation obtained from fit header and it also includes fit 
path in file system.  

Currently fits metadata keeps next information from fit 
header, such as right ascension, declination of the image 
center, exposure time, telescope parameters, with which 
the frame was received (latude, longitude, aperture), in-
formation about observer. Storage of fits metadata is im-
plemented using PostgreSql database. 

2. The second part is storage of fits files that are stored 
as separate files in specified order. This avoids overhead 
connected with deployment and supporting of specialized 
storage facilities, such as file databases.  

Data search inside the fit files is not expected, therefore 
selected storage method allows the conveniently control 
data placement on a different media with data compression. 

Fits coverage from the storage can be represented on a 
celestial sphere, which is covered with a grid divided by 
segments. Also it contains main points of the poles, equa-
tor, current axis of rotation. Each point corresponds to one 
or more frames in this part of the sky. 

According to IVOA recommendations for photometric 
data storing the software for frames storing extends with 
light curves and cross-references. This one allows receiv-

ing all relevant information such as required frames, light 
curves or photometric measurements (brightness).  

ViVO provides flexibility and ability to convert values 
from IVOA existing formats of photometric data repre-
senting. This solution is based on the subject mediator that 
solves all IVOA requirements. 

The subject mediator consists of the following ele-
ments: initial data format that will be converted (data from 
the storage); a set of conversion rules (for example, right 
ascension conversion from degrees to angular seconds); 
target formats with already specified structure, for exam-
ple VSX, Vizier.  

The developed system involves the ability to automati-
cally publish loaded light curves in the catalogs of vari-
able stars. In the absence of technical capability to send 
information to the directory (for example, publication to 
the magazine), the system will prepare the most complete 
data for publishing that will reduce time costs for user. 

Publishing of results is performed in several formats: 
• IVOA SOAP standard for photometric data; 
• Vizier catalog, that provides access to data from Ala-

din software; 
• The most widely known catalogs of variable stars 

such as IBVS, JAAVS, VSX. 
ViVO web-interface represents light curves as a graph 

of brightness measurements variation. It is plotted by 
measurements from storage, data from different catalogs 
and telescopes. Detailed information about the appropriate 
magnitude and dimension of this frame is displayed after 
clicking on a point of the graph that represents the specific 
measurement. 

 
3. CoLiTec software 
 
Software for automated frames processing of asteroid 

surveys given as series of frames is necessary for the most 
effective astronomical observations. 

This possibility is provided by the CoLiTec software 
allows not only to detect asteroids, but also to perform 
astrometric and photometric measurements in real time 
with the visual confirmation of processing results, 
http://www.neoastrosoft.com (Savanevych et al., 2012). 

Full reliability of the detection of moving objects is re-
tained up to the lower limit of SNR equal to 3 units in case 
of a minimum series consisting of four frames, with no 
stars covering of asteroid (Savanevych et al., 2015). 

Detection of moving objects on the series of CCD-
frames is performed in two stages.  

Intraframe processing is designed to estimate the ob-
jects position at fixed times. Also cosmetic processing, 
frame alignment and brightness equalization are per-
formed in this stage.  

Interframe processing is used to detect and estimate ob-
jects trajectories. The core of CoLiTec software consists 
of preliminary objects detection based on accumulation of 
statistics that proportional to the signals energy along pos-
sible object motion paths. Such accumulation is performed 
by multivalued transformation of the objects coordinates 
that equivalent to the Hough space-time transformation 
(Savanevych et al., 2012) (see Figure 1). 

CoLiTec software has the following features: 
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Figure 1: Algorithm for moving object detection 
 
• Automatic detection of faint moving objects 

(SNR>2.5); 
• Working with very wide field of view (up to 10 de-

grees²); 
• FrameSmooth software for brightness equalization; 
• Auto calibration and cosmetic correction; 
• Fully automatic robust algorithm of astrometric re-

duction; 
• Automatic rejection of the worst observations; 
• Detection of very slow and very fast objects (from 0.7 

to 40.0 pix./frame); 
• LookSky – processing results viewer with user-

friendly GUI; 
• Multi-threaded support for multi-cores systems and 

local network; 
• Processing pipeline managed by OLDAS (On-line 

Data Analysis System); 
• CoLiTec Control Center (3C) with processing moni-

toring and logging.  
These features allow effective using of CoLiTec soft-

ware at the different observatories in the world.  
The OLDAS mode is especially significant. It allows 

for near real-time data processing and assigns confirma-
tion of the most interesting objects at the night of their 
preliminary discovery. 

CoLiTec software equipped with the modern viewer of 
obtained results with a user-friendly GUI. LookSky runs 
independently of the main program and it can be used for 
independent review of CoLiTec processing results while 
the main program is processing data (see Figure 2). 

Complex frame reduction was added in the last version 
of LookSky. This complex processing includes the follow-
ing features: 

• Frame processing by filter, background equalization; 
• Coordinates reduction; 
• Track and Stack; 
• Search of objects by queries to the world Databases, 

such as Minor Planet Center, Variable Star Index, Hyper-
Leda; 

• Hand measuring. 
A mobile version of the viewer is available. CoLiTec 

processing results can be monitored from anywhere in the 
world. It only requires any modern smartphones, a tablet 
or laptops running on any OS platform. After connection 
to our web-interface, you can perform different opera-
tions, for example, send a report to Minor Planet Center 
(MPC), including quick report to NEOCP. 

 
 

Figure 2: LookSky – processing results viewer with    
user-friendly GUI 

 

 
 

Figure 3: CoLiTec Control Center (3C) – system for man-
aging the processing pipeline with user-friendly GUI 

 
New principles and cross-platform technologies were 

applied to CoLiTec software. Some approaches for the 
quality control of performed process were refactored. 

Java FX as cross-platform technology was used in GUI 
creation of basic modules. These modules are CoLiTec 
Control Center (see Figure 3), configuration editor      
ThresHolds and processing pipeline. 

Some of the approaches for the quality control of per-
formed process: 

• Ordered storage of all required processing parameters 
allows extracting all necessary parameters for each mod-
ule. Currently XML technology is used. These approaches 
are not only used in the configuration editor, but also at 
the each processing stage, as internal verification of the 
main processing bus.  

• Multithreading, the ability to manage individual treat-
ment processes. Tracking system of all running modules 
during processing was implemented. This system allows 
correct tracking, managing and terminating processes at 
any stage without data loss. 

• System for deciding of the processing results allows 
to adapt the user settings and inform user about correct 
results at the each stage of processing. 

Enhanced control of input and output data is held at the 
each stage of processing. It allows to detect damaged data 
from the existed one. The following sequence of the opera-
tions is performed for all modules at the each processing step. 

CoLiTec software contains the system for monitoring 
processing messages with a detailed logging of handling 
process (see Figure 4). This approach is  realized by change 

138 Odessa Astronomical Publications, vol. 29 (2016)



ex  
 

Figure 4: System for monitoring the processing messages 
with user-friendly GUI 

 
 
data with a relational database. PostgreSQL was selected 
for such uses, because it may be applied on any operation 
systems. 

CoLiTec software also includes the pipeline for digital 
video processing. It is presented as a flexible platform for 
receiving and processing video in any resolution, as well 
as easy integration of different modules required to im-
prove image quality, delineation and recognition of mov-
ing objects in the video series.  

CoLiTec software has abilities for detecting very slow 
and very fast objects. Range of visible velocities of de-
tected asteroids is from 0.7 to 40.0 pixels per frame. For 
example, the fasters NEO is K12C29D asteroid (40.0 
pix./frame) (see Figure 5) or the slowest object is ISON 
C/2012 S1 comet 0.8 pix./frame). 

These possibilities are provided by the different com-
putational methods that developed by authors and imple-
mented in the CoLiTec software. 

One of them is a new iteration method for accurate es-
timation of asteroid coordinates, which is based on the 
subpixel Gaussian model of a discrete object image (Sa-
vanevych et. al., 2015). This model of the object image 
takes into account a prior form of the object image and 
consequently it is adapted more easily to any forms of real 
image. The method operates by continuous parameters 
(asteroid coordinates) in a discrete observational space 
(the set of pixels potentials) of the CCD-frame. 

In this model, a real coordinate distribution of photons 
hitting the pixels in the CCD-frame is not known and the 
form of this distribution is known a priori. It allows to  
determine associated parameters from a real digital object 
image. The advantages of subpixel Gaussian model be-
come more obvious for the fainter celestial objects. This 
method has a high measurement accuracy along with a 
low calculating complexity due to a maximum likelihood 
procedure, which is implemented to obtain the best fit 
instead of a least-squares method and Levenberg-
Marquardt algorithm for the minimization of the quadratic 
form (Savanevych et al., 2015). 

The another method, which implemented in CoLiTec 
software, is the method for determining equatorial coordi-
nates of celestial objects based on an assessment of their 
position in the digital frame (Pohorelov et al., 2016).  

 
 

Figure 5: K12C29D asteroid – NEO (40.0 pix./frame) 
 
 

 
 

Figure 6: Frame filtration 
 
 
Different reduction polynomial models (cubic and fifth-

power) were implemented in this method. Also it allows 
to assess the significance of the reduction model coeffi-
cients and determine the influence of the polynomial 
model power on the accuracy of object’s position assess-
ment. The reduction models were built using the selected 
set of reference stars (for example, from UCAC4 catalog) 
(Zacharias et al., 2013). This method also takes into ac-
count the peculiarities of astronomical reduction in long-
focus and short-focus optical systems.  

CoLiTec software contains the module for brightness 
equalization of astronomical images. It based on the 
alignment of the interference substrate on the large CCD-
frames without using of service (Master) frames (dark 
current frames – dark, noise reading frames – bias, «flat 
field» frames – flat). 

Some cases when it is impossible to get Master-frames 
or calibration of received image don't lead to the desired 
result, for example, in the presence of ambient light. The 
images of celestial objects (stars and asteroids) in a sepa-
rate frame are point, and with the atmosphere turbulence, 
can be presented as «blurred points», that produced slowly 
varying brightness changes (see Figure 6).  

The method allows processing frames in the different 
frequency range. The stars and asteroids are formed by 
high-frequency spectral components of the image.  However,  
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Figure 7: FrameSmooth – software for brightness equali-
zation of astronomical frames with user-friendly GUI 

 
the frame background is the low-frequency component. 
The subtraction of the low-frequency background varia-
tions allows leaving the unchanged high-frequency com-
ponents of the image.  

If the pulsed noise is the limited set of peak values 
against of zeros it is consider to use median filtering as a 
method for nonlinear image processing. The median filter 
is implemented as a local processing procedure by sliding 
window with specified sizes that includes an odd number 
of image counts. These filters increase twice signal and 
noise ratio (SNR) of objects images, including dim. 

The range of mean values of background pixels bright-
ness was reduced in two times by the 5% level of the max-
imum histogram value. This decrease is greater the larger 
the size of the window is being used.  

These methods lead to increasing of astrometry accu-
racy indicators and stars photometry quality as well as the 
quality indicators of asteroids and comets detection. 

They are implemented and successfully used as part of 
CoLiTec software of automated asteroids and comets dis-
coveries on the series of CCD-frames and the FrameS-
mooth free software (see Figure 7). 

The CoLiTec software is widely used in a number of 
observatories in the CIS. For the first time in the CIS, as-
teroids and comets were discovered in the automated 
mode using this software. It has been used in about       
700 000 observations, during which four comets C/2011 
X1 (Elenin), P/2011 NO1 (Elenin), C/2012 S1 (ISON) and 
P/2013 V3 (Nevski) out of seven discovered in the CIS 
and the Baltic States over the past 20 years were identified 
using CoLiTec. Thus, the comet C/2010 X1 (Elenin) was 
discovered on December 10, 2010, using the CoLiTec 
software. It was the first comet discovered by a CIS as-
tronomer. In total, the CoLiTec software was used for 
discovery more than 1560 asteroids, including 5 NEO, 21 
Trojan asteroids of Jupiter and 1 Centaur. Discovered as-
teroids include four of 16 asteroids detected during the 
whole history of astronomy of the Soviet Union, CIS, and 
Baltic states, approaching the Earth; and one of the two 
centaurs discovered in the CIS and Baltic states. Individ-
ual MPC electronic circulars were devoted to three aster-
oids (2011 HY52, 2011 QD23, 2011 RC17).  

Approximately 80(86)% of positional CCD-
measurements and 74(75)% of discoveries of asteroids 
were made using the CoLiTec software in 2012 (2011). 

Considerable achievements of the CoLiTec software 
are associated with the detection of objects with near-zero 
apparent motion. For example, at the time of discovery, 
the image size of the comet C 2012 S1(ISON) was 5 pix-
els, and it shifted by 3 pixels for 4 frames (Khlamov et al., 
2016). The Centaur 2013 UL10 was shifted by 10 pixels 
with the image size of 4-5 pixels at the time of discovery. 

The CoLiTec project has been supported for several 
years by such organizations as ISON (Elenin et al., 2013), 
MAO NASU and RI NASU. In 2014, the CoLiTec soft-
ware was recommended to all members of the Gaia-FUN-
SSO network (https://gaiafunsso.imcce.fr) for analyzing 
observations as a tool for detecting faint moving objects 
on CCD-frames. 
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ABSTRACT. Today there are several open photometric 

databases containing important information for the study of 
the physical properties of asteroids. These databases are 
based on the results of various measurements of the differ-
ent sets of objects. The study of statistical correlations be-
tween the various databases could significantly expand the 
list of asteroids with known physical parameters. We pre-
sent the results of the comparative analysis of the determi-
nation of the albedo, diameters and absolute magnitudes of 
asteroids of five open sources (AKARI, IRAS, NEOWISE, 
HORIZONS and Pan-STARRS1). The infrared survey 
WISE (relatively to asteroids is NEOWISE project) and 
photometric survey Pan-STARRS1 are the widest databases 
of the absolute magnitudes and the albedo of asteroids pro-
viding information about 139356 and 248457 objects re-
spectively. These surveys contain 73301 common asteroids. 
The obtained statistical relationships between the databases 
based on a common set of asteroids are presented. 

Keywords: photometry observations, astronomical data-
base, catalogs, asteroids  
 

 
1. Introduction 
 
Photometry is one of the main methods for studies of 

asteroids. Due to intensive photometric observations of 
asteroids in the last decades, huge information about the 
absolute magnitudes, periods of rotation around principle 
axis, sizes, shapes, colors and other characteristics of large 
number of asteroids was received. 

According MPC database, the number of currently 
known asteroids with well-defined orbits is more than 720 
thousands. Many ground-based (Pan-STARRS, SDSS 
MOC and etc.) and space (IRAS, AKARI, NEOWISE and 
etc.) surveys offer as well precisely determined orbital 
elements as a data of the photometric properties of aster-
oids. However, since each of the projects aimed to achiev-
ing specific goals they could provide a different set of 
photometric data. Analysis of the available data is a first 
step for further research of selected class of objects. 

 

2. Brief overview of investigated photometric data-
bases 

 
5 surveys provided the photometric data were chosen 

for further investigation: IRAS, AKARI, NEOWISE, Pan-
STARRS and SDSS MOC-3. 

IRAS – Infrared Astronomical Satellite (Neugebauer et 
al., 1984), launched in 1983. The asteroid catalog was 
provided by Tedesco et al. (2002) as the supplemental 
IRAS minor planet survey (SIMPS). The SIMPS includes 
information for 2,470 asteroids. 

AKARI – Japanese infrared satellite (Murakami et al., 
2007), launched in 2006. The Asteroid catalog using 
AKARI (AcuA) (Usui et al., 2011) provides information 
for 5120 asteroids. 

NEOWISE – is asteroid-hunting project of the Wide-
field Infrared Survey Explorer (WISE) (Mainzer et al., 
2011) mission. NEOWISE identified over 157,000 aster-
oids. 139356 asteroids were chosen from open databases 
for this research. 

Pan-STARRS – the Panoramic Survey Telescope & 
Rapid Response System started operations in 2010 (Kaiser 
et al., 2010). The available data for 248457 asteroids 
(Veres et al., 2015) were used. 

SDSS MOC – The Sloan Digital Sky Survey Moving 
Object Catalog provides information for all moving ob-
jects identified in the SDSS images. This data set con-
tains Sloan Digital Sky Survey (SDSS) asteroid photo-
metric observations classified according to the SDSS-
based Asteroid Taxonomy (Carvano et al., 2010). This 
actual data set is the result of the taxonomic classifica-
tion of third version of the SDSS MOC and contains 
63468 asteroids. The SDSS MOC-4 is now available but 
not considered here. 

Table 1 presents the availability of selected parame-
ters in investigated surveys: the asteroid absolute magni-
tude (H), slope parameter (G), geometric visible albedo 
(pV), diameter (D), spectral type and the total number of 
asteroids. 
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As can be seen, only the values of the absolute magni-
tude are available in each of the surveys. This is due to 
that the absolute magnitude is the main photometric pa-
rameters and available almost in all databases of asteroid 
observations (including MPC). Other parameters are par-
tially overlapped because each of surveys was conducted 
for specific aims. 

There are 328524 unique asteroids in foregoing surveys 
due to overlapping lists of objects. The cross-
identification between infrared surveys (IRAS, AKARI, 
NEOWISE) shows 1993 common asteroids (Usui et al., 
2014). The number of common asteroids between widest 
surveys (Pan-STARRS, NEOWISE, SDSS MOC-3) is 
17888, the number of common asteroids for all 5 investi-
gated surveys is only 362. 

 
3. Analysis of absolute magnitude H 
 
AKARI: The absolute magnitude (H) and slope pa-

rameter G were taken from the Asteroid Orbital Elements 
Database (Bowell et al. 1994) of Lowell Observatory at 
the epoch of 2010. 

IRAS: The H- and G-values were mostly received from 
the MPC in 2001, where they were determined from 
ground-based observations in visible wavelengths. 

NEOWISE: The absolute magnitudes H were taken 
from the Light Curve Database (Warner et al., 2009) when 
available otherwise, the values were taken from the 
MPC’s orbital element file. 

SDSS MOC-3: The H values were computed from ob-
servations. 

Pan-STARRS: The H values were computed using 
both the Muinonen et al. (2010) and Bowell et al. (1989) 
phase functions (hereafter M10 and B89 respectively) 
from their own observations. 

In Table 2 presents differences in H values between all 
5 surveys. 

The histograms of distributions of the absolute magni-
tude in investigated surveys are presented in Figure 1. 

The peaks of distributions of absolute magnitude are 
10.97 for IRAS, 12.08 for AKARI, 15.2 for NEOWISE, 
16.12 for Pan-STARRS B89, 16.18 for Pan-STARRS 
M10 and 15.4 for SDSS MOC3. 

 

 

Table 1. The availability of selected parameters in in-
vestigated surveys. 

 H G pV D Spectral 
type 

Data 
volume 

IRAS X  X X  2470 

AKARI X X X X  5199 

NEOWISE X X X X  139356 

Pan-
STARRS X X   X 248457 

SDSS 
MOC-3 X    X 63468 

 
Figure 1: The distributions of absolute magnitude (H) 
values: a) – AKARI and IRAS surveys,  
b) – NEOWISE, Pan-STARRS and SDSS MOC-3 

Table 2. The residuals of values of the absolute magnitude between 5 processed surveys. 

Residuals AKARI IRAS NEOWISE Pan-STARRS 
Bowell’89 

Pan-STARRS 
Muinonen’10 

IRAS 0.00±0.11 
count 2104     

NEOWISE 0.00±0.22 
count 4798 

-0.01±0.23 
count 2305    

Pan-STARRS 
Bowell’89 

-0.24±0.38 
count 3881 

-0.20±0.37 
count 1797 

-0.33±0.29 
count 73412   

Pan-STARRS 
Muinonen’10 

-0.30±0.38 
count 3881 

-0.25±0.36 
count 1797 

-0.38±0.29 
count 73412 

-0.05±0.03 
count 247458  

SDSS 
MOC-3 

0.01±0.08 
count 1367 

0.00±0.04 
count 601 

-0.07±0.24 
count 25877 

0.22±0.34 
count 40689 

0.28±0.34 
count 40689 
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4. The slope parameter G 
 
The parameter G is a one of parameters in phase func-

tion of brightness of asteroids. The slope parameter G 
determines how strongly the apparent brightness of an 
asteroid depends on the phase angle and accounts for the 
properties of scattered light on the asteroid’s surfaces. 

The vast majority of asteroids have no measured slope 
parameter so the average values of G=0.15 are used for all 
asteroids that do not have a reported appropriate value. 

AKARI: The survey has 105 asteroids that have value 
of slope parameter G different from 0.15. 

NEOWISE: The survey has 96 such asteroids. 
Pan-STARRS: As described in Veres et al. (2015), a 

Monte Carlo technique was used to calculate the slope 
parameters GB89 and GM10 with initial estimates based on 
measurements by Pravec et al. (2012) and Oszkiewicz et 
al. (2012) respectively. 

The dense area near GB89=0.2 on Figure 2a and 
GM10=0.5 on Figure 2b could be explained by initial val-
ues for the Monte Carlo simulations of G=0.15 for Bowell 
et al. (1989) phase function and G=0.53 for Muinonen et 
al. (2010) phase function. 

The dense area in the Figure 2b with mean value near 
GM10 = 0.2 is due to a discontinuity in the two-parameter 
H, G12 phase function (Muinonen et al., 2010). This is 
caused by the Monte Carlo simulations performed by 
Veres et al. (2015), which have a propensity to drive the 
fitted GM10 value to 0.2 when the number of data points is 
small. This area contains about 30% of all GM10 values. 

 

5. Conclusions 
 
Five photometric surveys (IRAS, AKARI, NEOWISE, 

Pan-STARRS and SDSS MOC-3) were analyzed and 
328524 unique asteroids were identified. 17888 common 
asteroids were detected between widest surveys (Pan-
STARRS, NEOWISE, SDSS MOC-3) and only 362 one 
are common for all five investigated surveys. 

Each of these surveys contains different photometric 
parameters and only values of absolute magnitude (H) are 
available for all of them. The distribution of H is shifted 
toward to fainter object for newer surveys (SDSS MOC-3, 
2004; NEOWISE, 2010, Pan-STARRS, 2012). The peaks 
of the distributions are in range from 10.97 for IRAS to 
16.18 for Pan-STARRS M10. 
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Figure 2: The slope parameter (Pan-STARRS) as 
function of albedo (NEOWISE) a) for phase function 
model of Bowell’89 and b) for Muinonen’10 for spectral 
class C (grey) and S (black). 
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ABSTRACT. UkrVO plate archives contain information 

obtained at different observatories for a long time. With using 
data of photographic survey of the northern sky (FON project, 
from -4° to 90°) in Main Astronomical Observatory of 
National Academy of Science (MAO) new catalogue of 
positions and magnitudes was obtained. The catalogue 
contains coordinates and magnitudes of more than 19 million 
stars and galaxies from 3m  to 17.5m  for the mean epoch of 
1988.3. Comparison with the catalogues UCAC4, PPMX, 
XPM was carried out. The differences of common stars 
positions between catalogues are from 0.05"-0.06" for the 9-
11m  stars to 0.30"-0.40" for the 5-7m  and 15-16m  stars. The 
differences of common stars B-magnitudes between catalogues 
are from 0.05m-0.10m  for the 10-11m  stars to  0.4m-0.5m for  the 
6-7m  and 15-16m  stars. The obtained results suggest the 
advisability of using the new catalogue for improving proper 
motions of stars within the range of 8m-14m  magnitudes. 

Keywords: Astrometry – catalogues – methods: data 
analysis 
 

1. Introduction 
 
UkrVO plate archives contain information obtained at 

different observatories for a long time (Vavilova et al, 
2010, 2011, 2012a, 2012b, 2014). New catalogue 
FONAC3 obtained from the Photographic Survey of the 
Northern Sky (observation 1980-1995 from -4° to 90°) in 
Main Astronomical Observatory of National Academy of 
Science (MAO NASU) in 2016 (Andruk et al., 2015,  
2016a, 2016b). For our extended comparison of the 
FONAC3 catalogue we used the UCAC4 (Zacharias et al., 
2013), PPMX (Roeser et al., 2008) and XPM  (Fedorov et 
al., 2009) catalogues and own special software (Protsyuk 
et al., 2014, 2015a, 2015b). 

 
2. FONAC3 catalogue parameters 
 
The catalogue contains coordinates and magnitudes of  

more than 19.5 million stars and galaxies from 3m to 17.5m 

for the mean epoch of 1988.3 (Figure 1). Mean errors of 
catalogue are 214 mas in right ascension and 197 mas in 
declination (Figure 2). The mean number of observations 
for most objects of the catalogue is 4 (Figure 3). The cata-
logue also includes near 1.9 million stars with one obser-
vation, 5.6 million with two observations and ~1.2 million 
stars identified with the stars of the Tycho-2 catalogue. 

 

 

Figure 1: Distribution of stars of FONAC3 catalogue vs 
magnitude. 

 

 

  

Figure 2: Standard deviations (SD) of catalogue 
positions vs declinatiom (left) and vs magnitude (right). 

 

 
Figure 3. Distibution of density of FON catalogue in 
right ascension and declinationon. 
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3. Comparison with PPMX catalogue 
 
PPMX catalogue contains more than 18 million stars up 

to 15.2 magnitude. In declination zone from -4 to 90 num-
ber of stars is near 9.5 million. We made cross-
identification of FONAC3 and PPMX catalogues with the 
search window 1.5" and found near 7.67 million common 
stars. This amount is about 39% of the FONAC3 catalogue. 
Also, we identified 1.37 million common stars having B-
magnitudes and used them for analysis of the FONAC3 
catalogue magnitudes. Mean systematic differences be-
tween catalogues are 63±218 mas in right ascension, 
39±228 mas in declination and 0.04±0.19m in B-magnitude. 
Distribution of RMS of differences between catalogues in 
coordinates and magnitudes are shown in Figures 4,5.  

4. Comparison with XPM catalogue 
 
The XPM catalogue contains of about 314 million stars 

in the magnitude range 10m < V < 20m. We made cross-
identification of FONAC3 and XPM catalogues with the 
search window 2.2" and found near 18.48 million common 
stars. This amount is about  94.4% of  FONAC3  catalogue. 
From this set we used 16.64 million stars with two and more 
observations. Mean systematic differences between cata-
logues are  33 mas in right ascension, 52  mas in  declination 
and 0.06m in B-magnitude. Mean (O-C) differences  between  

 
Figure 4: Distribution of RMS of differences PPMX-
FONAC3 in coordinates and magnitudes vs magnitude 

 

 
Figure 5: Distribution of RMS of differences PPMX-
FONAC3 in coordinates and magnitudes vs declination. 

XPM and FONAC3 catalogues are 305 mas in right ascen-
sion, 312 mas in declination and 0.36m in B-magnitude. 
Linear correlation of B-magnitude between catalogues is near 
0.89. Distribution of mean (O-C) differences between cata-
logues in coordinates are shown in Figures 6,7. 

5. Comparison with UCAC4 catalogue 
 
The UCAC4 catalogue contains of about 113 million stars 

in the magnitude range 8m < V < 16m. We carried out cross-
identification of FONAC3 and UCAC4 catalogues with the 
search window 2.2" and found near 19.09 million common 
stars. This amount is about 97.6% of FONAC3 catalogue. 
From this set we used 17.2 million stars with two and more 
observations. Mean systematic differences between cata-
logues are 28 mas in right ascension, 38 mas in declination 
and -0.64m in B-magnitude. Mean (O-C) differences between 
UCAC4 and FONAC3 catalogues are 302 mas in right as-
cension, 308 mas in declination and 0.41m in B-magnitude. 
Linear correlation of B-magnitudes between catalogues is 
near 0.87. Distribution of mean (O-C) differences between 
catalogues in coordinates are shown in Figures 8,9. 

6. Conclusion 

The study of the new catalogue FONAC3, including 
more than 19.5 million stars from 3m to 17.5m for the 
mean epoch 1988.3, and its comparison with catalogs 
UCAC4, PPMX and XPM was done (Figure 10-12). 

 

Figure 6: Distribution of mean (O-C) differences XPM-
FONAC3 in coordinates vs magnitude. 

 

Figure 7: Distribution of mean (O-C) differences XPM-
FONAC3 in coordinates vs declination. 
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Figure 8: Distribution of mean (O-C) differences 
UCAC4-FONAC3 in coordinates and magnitudes vs 
magnitude. 

 

 

Figure 9: Distribution of mean (O-C) differences 
UCAC4-FONAC3 in coordinates vs declination for stars 
with more than two observations. 

 

 
 
The most accurate part of the new catalogue includes 

about 5 million stars from 8m to 14.5m (Figure 11). 
The convergence of the coordinates was better in 

comparison with UCAC4 and PPMX catalogues (Figure 
11), the convergence of magnitudes was better for PPMX 
(Figure 12). 

The XPM catalogue showed the worst convergence with 
FONAC3 in coordinates and in magnitudes (Figure 11-12). 

In comparison with all catalogues the FONAC3 
indicated low accuracy in the pole region. 

These results suggest the feasibility of using this new 
catalogue to improve proper motions of stars in the range 
of 8m - 14m and from -4º to 80º. 
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catalogue with other catalogues vs magnitude. 

 

 

 

Figure 11: Distribution of mean (O-C) differences be-
tween FONAC3 and other catalogues in RA and DEC. 

 

Figure 12: Distribution of mean (O-C) differences be-
tween FONAC3 and other catalogues in magnitude. 
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ABSTRACT. The new reductions of available 
photographic plates of UkrVO digital archive containing 
images of selected minor planets were conducted. Data 
processing of these plates were carried out to check the 
possibility of obtaining the new positions with high 
accuracy in the system of Tycho2/UCAC4 reference 
catalogues. Archives of the Research Institute “Nikolaev 
Astronomical Observatory” (NAO) and Main 
Astronomical Observatory of National Academy of 
Science (MAO) were used. We have chosen near 60 plates 
from these archives. Observational epochs of the plates 
were in the range from 1974 to 1991. Usually, there were 
3 exposures in each plate and each plate was scanned 6 
times with 1600 dpi resolution. The full identification was 
conducted and coordinates of all objects were obtained 
with usage of different options of astrometric reductions. 
The inner accuracy of obtained positions is within of 
0.03″-0.40″. The comparison of the new topocentric 
positions of minor planets with Horizons ephemeris was 
made for calculation (O – C) residuals and their RMS. The 
matching with MPC data is present. 

Keywords: Astrometry – methods: data analysis – virtual 
observatory tools – minor planets: general 
 

1. Introduction 
 
The photographic plates of UkrVO digital archive to 

check the possibility of obtaining the new positions of se-
lected minor planets (MP) with high accuracy in the system 
of Tycho2 (Hog et al., 2000) and UCAC4 (Zacharias et al., 
2013) reference catalogues were processed. The UkrVO 
digital archive contains image of plates from different 
Ukrainian telescopes (Vavilova et al, 2010, 2011, 2012a, 
2012b, 2014a). The first investigation of minor planets with 
flatbed scanners in Ukraine started in 2013 (Golovnya et al., 
2013). Then, we have studied dwarf and big planets (Ka-
zantseva et al., 2015, Protsyuk et al., 2015e) and our meth-
odics was significantly improved. The minor planets inves-
tigation is continued in this work. 

In our new investigation we used plates only from two 
telescopes: the Zonal Astrograph of NAO (ZA, D/F = 
12/204, 101 "/mm, FoV 5° x 5°, exposure 5-6 minutes) 
and the Double Wide-angle Astrograph (DWA, D/F = 
40/200, 103 "/mm, FoV 8° x 8°, exposure 3-15 minutes) 

of MAO (Protsyuk et al., 2014a, Vavilova et al, 2014b). 
Usually, there were 3 exposures in each plate and each 
plate was scanned 6 times with 1600 dpi resolution with 
same methodics (Protsyuk et al., 2014b, 2014c). In NAO 
we used Epson Perfection V750 Pro scanner and in MAO 
– Epson Expression 10000XL scanner. 

 
2. Input data set  
 
We have chosen asteroid (704) Interamnia (1910 KU, 

1952 MW, H = 5.94 mag) as main object for our research. 
This planet was observed by both telescopes at about the 
same time.  The apparent magnitude of the asteroids was 
near 11.0-11.5. The data reduction results of the 
measurement of these plates, made with "Ascorecord" 
measure machine in 20 century, were submitted in Minor 
Planet Center (MPC). We have also chosen (389) Industria 
(ZA, NAO) with magnitude near 12.0 and (1064) Aethusa 
(DWA, MAO) with magnitude near 13.5 as faint objects 
(Table 1).    
Table 1. Selected minor planets 

MP N 
plates 

Obser-
vatory 

Epoch of  
observation 

Mean 
Mag 

704 29 NAO 1974.5-1985.8 11.1 
704 20 MAO 1977.2-1982.2 11.5 
389 4 NAO 1991.1-1991.3 12.0 

1064 8 MAO 1979.6-1979.8 13.6 
 

3. Data reduction   
 
Detailed description of all steps of processing of digitized 

image of astro negatives, which containing preliminary 
filtering, choosing star shape objects and made reduction to 
the equatorial coordinates and magnitudes of a reference 
catalogues, are given in Protsyuk et al. (2014c, 2014d) and 
Andruk et al. (2014, 2015).  

For choosing program for reduction we compare results 
from Kamasutra (00plate) and Plate Graf (plate_gr) pro-
gram (Protsyuk et al., 2014d) with same parameters (4 
iteration with Tycho2 reference stars up to 12.5m, exclud-
ing the option of spectral class). Inner accuracy for 29 
plates of NAO (MPC number 089) with Interamnia, re-
ceived by two programs, are shown on Figure 1 and for 20  
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Figure 1: Inner accuracy for 29 plates of  NAO received 
by Kamasutra (K) and Plate Graf (P) 

 

 
Figure 2: Inner accuracy for 20 plates of  MAO received 
by program Kamasutra (K) and Plate Graf (P) 

 
 
plates of MAO (MPC number 083) with one are shown on 
Figure 2. 

For further research we chosen Plate Graf program due 
to the best accuracy results and speed of reduction. For 
example: time of reduction with one parameter set for 60 
input data files of MAO's 4 plates with (389) Industria 
with usage Kamasutra was 7.5 hours  and with usage Plate 
Graf – only 8 minutes. 

In this study we are planning to find the best settings for 
Plate Graf program, which made all stars identification 
and astrometric reduction, and to compare obtained results 
with old one. Main of settings are: changing magnitude 
limit of reference stars from 12 to 15 with step 0.5m, 
choosing reference stars with different options of spectra, 
using 4 or 5 iteration and receiving mean coordinates from 
all 6 scans or best 5 scans.  

For all plates we obtained totally 384 images in 1600 
dpi resolution with several exposures and received 1130 
input data files for all exposures. Next, we made near 50 
thousands reduction of this 1130 input data files with 
different settings of Plate Graf program and received near 
5 TB data for analysis. This data include, among others, 
position and instrumental magnitude for chosen asteroids 
and reference stars.  
 

 

 
Figure 3: RMS of (O-C) of Interamnia, observed in NAO, 
for different settings of Plate Graf with Tycho2 reference 
catalogue 
 
   

 
Figure 4: RMS of (O-C) of Interamnia, observed in MAO, 
for different settings of Plate Graf with Tycho2 reference 
catalogue 

 
 
4.  Data analysis with different reduction settings 
 
We compare our observed (O) position with calculated 

JPL ephemeris (C) from on-line service HORIZONS 
(HORIZONS, 2016). Figure 3,4 shown the RMS of (O-C) 
for different sets of limiting magnitudes, numbers of 
iteration and scans quality during processing data in Plate 
Graf with Tycho2 reference catalogue (RC T2). Figure 5,6 
shown results of research for UCAC4 (RC U4) reference 
catalogue. 
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Figure 5: RMS of (O-C) of Interamnia (704), observed in 
NAO, for different settings of Plate Graf with UCAC4 
reference catalogue 
 
   

 
Figure 6: RMS of (O-C) of Interamnia (704), observed in 
MAO, for different settings of Plate Graf with UCAC4 
reference catalogue 
 

As can be seen, that the parameter "limiting magnitude 
of the reference catalogue" for NAO's observation provide 
the best results with 12 magnitude and for MAO's – gives 
the best results in the region of 13m-14m. This is due to the 
fact that the exposure time of the NAO's observation has 
been smaller on average and diameter of the ZA telescope 
is less than DWA more than 3 times. Results for most 
optimal settings are given in Table 2 and in Figure 7. 
 
 
 
 

 
Figure 7: Reduction of Interamnia (704) observations for 
the selected option with different reference catalogues 
 
 
Table 2. (O-C) for Interamnia obtained with optimal settings 

Obser-
vatory  

RC m (O-C) RA, 
mas 

(O-C) DEC, 
mas 

NAO T2 12.0 -186 ±207  45 ±168 
NAO U4 12.0 -149 ±178 -17 ±188 
MAO T2 13.5    31 ±311 -49 ±247 
MAO U4 14.0    40 ±237   -7 ±278 

 
5. Final analysis  
 
For final analysis to compare our new results with old 

one we have used AstDyS-2 service (AstDyS-2, 2016). In 
this service we have chosen data from 083 Goloseevo, 084 
Pulkovo and 089 Nikolaev observations (Figure 8, 9). Av-
erage (O-C) differences for all plates in our investigation 
and data from AstDyS-2 service are shown in Table 3. 

As can be seen, that the new (O–C) differences obtained 
with ephemeris Horizons (JPL) and with previous "Ascore-
cord" measurements from AstDyS-2 database coincide 
within the limits set error. There were no significant accu-
racy improvement for NAO plates due to high precisions 
observations and performed reductions to HCRF/ACT ref-
erence system. We have obtained a significant improve-
ment of random and systematic errors for MAO plates. 

 

 
Figure 8: Comparing of new results (prefix scan_) with 
old one 
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Figure 9: Compare of new results (prefix Scan) with old one 
 
Table 3. Average (O-C) for old and new measurement 

Observ. / 
MP 

NAO 
(704) 

MAO 
(704) 

NAO 
(389) 

MAO 
(1064) 

N plates 65 55 4 - 
Catalogue ACT 

GSC 
PPM ACT 

GSC 
- 

AstDyS 
RA,mas 

-185 
±206 

-220 
±402 

-218 
±332 

- 

AstDyS 
DEC,mas 

-92 
±248 

-157 
±296 

-140 
±116 

- 

N plates 29 20 4 11 
Catalogue Tycho2 Tycho2 Tycho2 Tycho2 
New scan  
RA, mas 

-186 
±207 

  40 
±237 

60 
±220 

-455 
±514 

New scan  
DEC, mas 

45 
±168 

   7 
±278 

158 
±227 

  -143 
±316 

N plates 29 20 4 11 
Catalogue UCAC4 UCAC4 UCAC4 UCAC4 
New scan  
RA, mas 

-149 
±178 

   31 
±311 

225 
±310 

-460 
±368 

New scan  
UCAC4 
DEC, mas 

-17 
±188 

   -49 
±247 

113 
±243 

  -139 
±266 

 
 
6. Conclusion 
 
We chose 64 plates with 180 exposures of 3 minor 

planets observed in 1970-1990 from the archives of 
UkrVO. 

Obtained 384 plates images with a resolution of 1600 
dpi and processed in MIDAS environment to obtain X, Y, 
h / 2, I. Made identifying for 1130 processed data files. 

More than 50 thousand reductions of data with different 
parameters were performed at total. The volume of 
reductions data is of about 5 TB. 

We obtain the coordinates of minor planets for all 
variants of reductions. 

A comparison of new (O–C) differences obtained with 
ephemeris Horizons (JPL) and with previous 
"Ascorecord" measurements from AstDyS-2 database was 
done. 

New results for observations Interamnia in the NAO 
were shown a repetition of (O–C) system with improving 
accuracy. For MAO's observations improvement in the 
(O–C) system and noticeable improvement of accuracy 
were received. 

These results are shown that reprocessing of old 
photographic plates with asteroid image, even on flatbed 
scanners, could give good results to reduce systematic 
errors in the positions of asteroids, associated with the use 
of old catalogues like PPM, SAO etc. Due to the high 
labor intensity, of course, this process should be selective. 
And plates for reprocessing should be chosen considering 
the quality and availability of plates, last history of the 
asteroid observations and precision of performed of old 
astrometric reductions.  
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ABSTRACT. Photographic observations of XX century 

is an important source of information on small bodies of 
the Solar system. The observations of chronologically 
earlier oppositions, photometric evaluation of brightness 
for long periods of time allow refining the orbits of aster-
oids and identifying various non-stationaries. 
Unfortunately international databases were contained a 
very little observable data for accurate estimates of 
geometric and kinematic parameters of asteroids. 

We analyzed the results of digital processing of 338 
photographic plates of Northern Sky Survey (FON) 
project. Modern approach to processing early observations 
using new digital technologies provides a sufficiently high 
accuracy of coordinates and magnitudes for all objects on 
astroplates. As a result 570 images of asteroids and 4 
images of comets from 8-16 magnitudes were detected on 
these plates. Equatorial coordinates and stellar magnitudes 
of them were composed to catalog of asteroids. All 
positions were compared with ephemeris. Analysis of 
ephemeris calculations with known today about the 
several hundred small planets with observation data 
showed some interesting results. 
 
Keywords: photographic archive – asteroids – catalogs – 
astrometric positions 
 

1. Introduction  
 
A broad searching of small bodies on photographic ob-

servations of previous years we planned to carry out on 
plates from Northern Sky Survey (FON) project. As the 
first result we used 338 photographic plates of FON project 
obtained with DWA (Double Wide-angle Astrograph, 
D/F=40/200, 103"/mm, h=186m) at the Main astronomical 
observatory in 1982-1994. These plates cover the area on 
celestial sphere from 0 to 24 hours in right ascention and 
from -4º to +16º in declination. The digitizing of astroplates 
has been performed using Microtek ScanMaker 9800XL 
TMA and Epson Expression 10000XL commercial scan-
ners, with the resolution 1200 dpi. All scans of plates ac-
cumulated in Joint Digital Archive of Ukrainian virtual 
observatory. Standard images were processed using ad-
vanced complex LINUX / MIDAS / ROMAPHOT pro-
grams. The software was developed and implemented in 
MAO NASU to process the digitized astronomic negative 
plates as well as to obtain the final product in the form of a 
catalogue of positions and stellar magnitudes for all regis-

tered objects on the plate. In detail, the process of digitiza-
tion of images and their further processing and determina-
tion of coordinates and magnitudes are described in the 
series of publications (Andruk et al., 2005; 2007; 2010; 
2014; 2015; 2016; Protsyuk et al., 2014a; 2014b). The re-
sults of the software testing are described in (Kazantseva et 
al., 2015; Yizhakevych et.al, 2014; 2015; Protsyuk et al., 
2014; Andruk et al., 2013; Eglitis et al., 2016b; 2016c).  

Digital processing of photographic plates of star fields 
allows to determine with high accuracy the coordinates 
and stellar magnitudes for all registered objects on these 
plates, such as stars, galaxies, small bodies, artificial 
satellites and artefacts.  

At the first, the processing results of photographic plates of 
Northern Sky Survey project were used for composing of the 
catalog of star positions and B-magnitudes for 19451751 
stars and galaxies with B < 16. m 5 (Andruk et al., 2016b).  

Secondly, the processing results of these photographic 
plates had been used for a broad search for images of 
small bodies of the Solar system and determination of 
their coordinates. First test results of searching of Solar 
system bodies using plate archive of photographic 
observations were obtained earlier and described in 
(Shatokhina et al., 2005). 
 

2. Results  
 
376 asteroids from Main Belt and 2 comets (65P/Gunn 

[1982], 4P/Faye [1991]) were identified on plates. From 
them 570 positions of asteroids and 4 positions of comets 
were received and composed in total catalog. These ob-
jects cover magnitude range from 7.8 to 16.1. The equato-
rial coordinates α, δ and stellar B-magnitudes of all small 
bodies on the plates were obtained in the reference system 
of Tycho-2 at the epoch of exposition of each plate. Pho-
tographic B-magnitudes of objects were calibrated with 
photoelectric standards. 

Figure 1 shows the distribution of all searching asteroids 
for all used plates. More faint asteroids with 15-16 magnitude 
were identified on the astronegatives with high atmospheric 
transparency and good observing conditions only.  

Almost every astronegative has images from 1 to 10 dif-
ferent asteroids. For example, Figure 2 shows mutual lo-
cations of 9 different asteroids from 10.m7 to 15.m0 magni-
tudes on the scan of plate GUA040C000887В. 
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Figure 1: Distribution on magnitudes for 574 searching 
asteroids  

 

 
Figure 2: Images of 9 asteroids on scan of the plate 
GUA040C000887В.  

 
From digital processing of photographic plates of FON 

project were obtained the mean internal errors equal 0.233 
arcsec in both equatorial coordinates and 0.m14 in B 
magnitudes for all objects (Andruk et al., 2016b). 

The comparison with the JPL DE431 ephemeris 
(http://ssd.jpl.nasa.gov/horizons) is given. The differences 
O-C on both coordinates and difference B-Mv (Mv – 
approximate visual magnitude calculated by ephemeris 
JPL) are received for all positions of asteroids and comets. 

The most of searching asteroids have a single position 
in composed catalog. But 138 asteroids have a several 
positions from 2 to 5 during one opposition of asteroid. A 
range of changes in the differences O-C is 1 arcsec for 
such asteroids. We analyzed O-C of asteroids on different 
distances from center of plates. We analyzed O-C of 
asteroids on different values of asteroid’s speed projection 
too. The significant dependencies O-C were not detected 
in analysis of these results. 

Figure 3 shows changes of observed B magnitudes for 
574 searching asteroids and comets. The small trend of B 
magnitudes observed for faint asteroids with 14-16 
magnitudes in comparison with visual magnitudes 
calculated JPL. As a result, a lower value of color index 
observed for them. At the same time, the spread of values 
of B magnitude for faint asteroids increases. 
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Figure 3: Changes of observed B magnitudes for 574 
searching asteroids and comets along Mv asteroid’s 
magnitude axis. (B magnitudes pointed gray color. Mv 
visual magnitudes pointed black color). 

 
Eight asteroids of the total number in catalog were 

observed many years before dates of their discovery. For 
them equatorial coordinates α, δ and stellar magnitudes B 
and O-C differences in both coordinates, and B-Mv, where 
B – blue observed magnitudes, Mv -approximate visual 
asteroid’s magnitude calculated by ephemeris JPL, 
presented in the Table 1. Only 1 position of asteroid 
(20730) Jorgecarvano in this table have the earliest 
chronologically observations among all known in the world.  

For asteroids (4816) Connelly and (20730) Jorgecarvano 
the distributions of all known observations in the world are 
presented on figure 4. Observational data took from Minor 
Planet Center (http://www.minorplanetcenter.net/db_search). 
With bold black color pointed our observations 

 
asteroid 20730 Jorgecarvano 1999 XC151 (discovered on 1999) 
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asteroid 4816 Connelly 1981PK   (discovered on 1981)   

 plate № 1  - 1981-09-30
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Figure 4: Distributions on time scale of all known 
observations in the world for 4816, 20730 asteroids.  
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Table 1 Asteroids observed before their discovering dates. 
 

Object  name RA, J2000.0 
h m s 

Dec, J2000.0 
deg  '  " 

Magnitu
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ec
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Plate     1    UT=1981-09-30.762512 
(4816)  Connelly  

1981 PK 
205232.895   +013454.26 16.31U .57 -.74 .70 

Plate  83     UT=1982-05-15.958641 
(7262)  Sofue  

1995 BX1 
164301.910 -023619.46 15.14 -.59 -1.76 .16 

Plate  82    UT=1982-05-15.958641 
(20730)  

Jorgecarvano  
1999 XC151 

161716.268 -023720.98 16.99U .87 .56 1.25 

Plate  274    UT=1982-07-14.702812 
(5001)  EMP  

1987 SB1 
165147.325 -010355.78 15.99U -1.15 -1.46 .02 

Plate  1484    UT=1989-07-06.955139 
(13977)  Frisch  

1992 HJ7 
195521.821 +085000.65 15.76B -.24 .48 .78 

Plate  1500   UT=1989-09-20.831430 
(14691)      2000 

AK119 
213153.404 +051221.23 15.77V .11 -.80 .11 

Plate  1513     UT=1989-10-19.872058 
(4290)  Heisei  

1989 UK3 
005758.001 +154944.45 15.42R -.60 .50 -.14 

Plate  1618    UT=1990-03-01.044557 
(6518)  Vernon  

1990 FR 
134123.217 +150003.62 16.36B -.13 .77 .81 

  
 
 
Similar (parallel) work was presented in Baldone 

observatory (Eglitis et al., 2016a). The faint asteroids up 
to 17 magnitudes were identified on the plate in Baldone 
observatory. Among them are much more interesting 
asteroids which discovered much later than observed. 

Calculations evolution of asteroids with orbits MPC 
catalog from 2005 to 2016 were made earlier (Kazantsev 
et al., 2008). Differences semi-major axis of the orbits of 
asteroids between the catalog value in 2016 and calculated 
received. 

The size and distribution of these values for albedo 
asteroids indicate the existence in the solar system is some 
non-gravitational effect. This effect is overwhelming 
growth of semi-major axis of the orbits of asteroids with 
small albedo. 

Additional confirmation aforementioned effect, in 
principle, can be measured by the regulations asteroid on 
the plates of a few decades ago. More important 
differences in semi-major axis must meet greater values 
O-C.  

 
 
Figure 5: Distribution of values da (O-C) for О-С < 1” 
and da > 2•10-7 а.о.  
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3. Conclusion  
 
On photographic plates of Northern Sky Survey project 

can be detected asteroids with high accuracy up to 16-16.1 
magnitude. Among those may be objects which discov-
ered much later than observed. The presence of the ar-
chive of all observations at previous years will give possi-
bilities to select and process the interesting asteroids. A 
necessary condition for obtaining high-precision series of 
observations of asteroids is the presence of a confident 
moment of time of observations.  
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THEIR MOONS DURING 1961-1990 AT THE MAO NAS OF 
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27 Akad. Zabolotnogo St., 03680, Kyiv, Ukraine, izhak@mao.kiev.ua 

 
 ABSTRACT. We present the results  of photographic 

observations’ processing of Saturn’s moons, Uranus, Nep-
tune and their moons on the basis of MAO NAS of Ukraine 
photographic observational archive.   The analysis of the 
results is given. Observations were obtained using 4 tele-
scopes: Double Long-Focus Astrograph (DLFA, D/F = 
400/5500),  Zeiss Double Astrograph (DAZ, D/F= 
400/3000), Reflector Zeiss-600 (D/F= 600/7500), Wide-
angle Astrograph, (DWA, D/F= 400/2000). Observations 
were carried out during 1961 – 1990 (http://gua.db.ukr-
vo.org). Digitizing of plates has been done by EPSON EX-
PRESSION 10000XL (EE) flatbed scanner in 16-bit gray 
color range with resolution 1200dpi.( Andruk et al.: 2005, 
2012; Golovnja et al.: 2010;. Protsyuk et al. 2014a, 2014b). 
The reduction of plates was made using the software devel-
oped in MAO NASU in the enhanced LINUX-MIDAS 
software kit. (Andruk V. et al.: 2016a, 2016b). Tycho2 was 
used as a reference system. The internal accuracy of the 
reduction for the first three instruments is ±0.08 – ±0.13 
arcsec for both coordinates. For the wide angle astrograph 
DWA,  RMS errors appeared 2 – 2.5 times higher. The total 
amount of processed plates with images of Saturn’s moons 
is 209 (511 frames),  33 plates contain the images of Uranus 
and U1,U2,U3,U4 moons, 29 plates have images of Nep-
tune and N1 moon (Yizhakevych et al., 2015, 2016, 2017; 
Protsyuk et al., 2015). The online comparison of calculated 
positions of objects  with IMCCE ephemeris data was 
made (http://lnfm1.sai.msu.ru/neb/nss/nssephmf.htm). 

Keywords: Catalogs, Solar System Bodies, Saturn, Ura-
nus, Neptune.  
 

1. Introduction 
 
The current work is the continuation of the preceding 

publications (Ivanov et al., 2013; Izhakevich et al.,1991; 
Kaltygina et al., 1992;  Kulyk et al., 2012; Pakuliak et 
al.,1997a, 1997b, 2012;   Shatokhina et al., 2005; Yiz-
hakevych et al., 2014, Yizhakevich et al., 
(http://gua.db.ukrvo.org/starcatalogs.php?whc=sat90)  and 
comprises  the discussion of major planets’  photographic 
observations’ processing results. Using the observed data 
we obtained 1385 astrometric positions and magnitudes of 
8 Saturn’s moons S2, S3, S4, S5, S6, S7, S8, S9, 58 posi-
tions of Uranus, 66 positions of  U1, U2, U3, U4 satellites 
of Uranus, 51 positions of Neptune, 9 positions of N1 
moon of Neptune. All of them are obtained in the Tycho-2 

reference frame The analysis and the accuracy assessment 
of the obtained catalogs are considered. 

 
2. Saturn’s moons 
 
From the total amount of photographic observations of 

Saturn,  collected in MAO NASU  (DATABASE of 
JOINT PLATE ARCHIVE (DBGPA V2.0), we selected 
about 250 plates with the best quality of images. Taking 
into account, that each plate contains several exposures of 
different duration (from some seconds to some minutes), 
the total volume of processed material consists of 511 
digital images. The division of digital plate image into 
exposure frames and their further processing were done 
using the special software package  (Andruk et al., 2014; 
2015; Kazantseva  et al., 2015). 

 Table 1 gives the data of the internal accuracy of the 
reduction of Saturn’s moons’ observations for each of 4 
telescopes. Columns contain the telescope scale ("/pix), 
the mean number of Tycho-2 reference stars, unit weight 
RMS errors of magnitudes and positions, and a number of 
positions  N  by each telescope.  

 
Table 1. The internal accuracy of the reduction of Saturn’s 
moons’ observations. 

 
From the Table 1, it is obvious that DWA observations 

(field 8°х8°, scale 103”/mm) are the least suitable for 
such determinations because of internal errors which are 
more than twice higher than the other telescope ones.  
DWA observations (1978 – 1986, 13 nights) were not 
effective enough. Plates available for the processing are 
the ones containing mostly images of S5, S6, S8 moons. 
The possible reasons of the bad accuracy may be the poor 
resolution of images because of insufficient shift of tele-
scope between the exposures and the telescope scale.  

DLFA Saturn’s moons observations occurred the most 
productive (1961- 1984, 57 nights) and durable. During 
the period, images of 7 main Saturn’s moons S2-S8 were 
obtained.  

Telesc. Scale "/px Ref. 
stars rmsmg rmsα rmsδ 

N 
posit. 

DLFA 0.79 75 0.27 0.09 0.09 1017 
DWA 2.17 610 0.27 0.23 0.22 101 
DAZ 1.45 142 0.34 0.09 0.10 95 
Z600 0.59 16 0.37 0.09 0.11 172 

Odessa Astronomical Publications, vol. 29 (2016) 155

DOI: http://dx.doi.org/10.18524/1810-4215.2016.29.85181 



 
Figure 1: The distribution of S8 observations with dates and 
the dispersion of (О-С)i in respect to their mean values. 

 

 
Figure 2: The distribution of S3 observations with dates and 
the dispersion of (О-С)i relatively to their mean values. 

 
The brief series of observations were obtained in Uz-

bekistan in the field conditions with the two other tele-
scopes:  DAZ in 1986 (7 nights) and  Z600 in 1990  
(9 nights). The astrometric observations with Z600 reflec-
tor are among the first on using the reflector for the pur-
poses of positional astrometry (Kaltygina et al., 1992). 

The dispersion of values of random (О-С)i, the mean 
values of  (О-С) and standard deviations Sd were derived 
using the IMCCE ephemeris data (http://lnfm1.sai.msu.ru/ 
neb/nss/nssephmf.htm) separately for each set of satellite 
positions. For  S4, S5, S6, S8 with the wide sample of ob-
servations the standard deviations Sd became in the limits  
0.41" to 0.48". For the other satellites with the small set of 
observations, these values are significantly larger. Table 2 
and 2a show the statistical data of reduction for each moon 
separately. Here, N is the number of obtained positions, 
Bph is a photographic stellar magnitude with the standard 
deviation SdB, (О-С) is  mean values of residual deviation 
and Sd is a standard deviation for  and δ coordinates. The 
last column contains the following notations for telescopes: 
1 corresponds to DLFA, 2 – DWA, 3 – DAZ, 4 – Z600.  

Fig. 1 and Fig. 2 show the dispersion of values of ran-
dom (О-С)i  in respect to their  arithmetical mean  value  
for two moons S3 and S8  on various volumes of samples: 
the left side shows the full sample, the right side – results 
after the elimination of observations with (О-С)i exceeding 
or equal to 2σ″. Dates of observations are given along the 
X-axis that helps to assess the intensity of observations  
during the 30 year period. 

 
2.1. Application of 2σ″ criterion to all series of observa-

tions leads to the reduction of the sample volume by more 
than  10%-15% and to the mean decrease of the standard 
deviation Sd by  0.15”. At the same time, the arithmetic 
mean values (O-C) for each satellite are reduced within 
the error of the mean, and the vast majority of (O-C) is 

clustered around their arithmetic mean of ± 1". Table  2a  
shows the differences of statistical characteristics when 
applying the 2σ″ criterion to the samples with signifi-
cantly different volumes for S3 and S8 satellites. 

 
Table 2. The results of the reduction of Saturn’s moons’ 
photographic observations. 

 

Table 2а. The comparison of the results of the S3 and S8 
reduction before and after the application of 2σ″ criterion.   

N,       % (O-C)α″ Sdα″ (O-C)δ″ Sdδ″  
     S3, Bph=10.6 ±.08 
96,    100 +0.00 ±0.06 .58 +0.10 ±0.04   .43 
84,      88 -0.03 ±0.04 .38 +0.07 ±0.04 .32 
     S8, Bph=11.9 ±0.04 
377,  100 +0.11 ±0.02 .48 +0.04 ±0.02 .41 
335,    89 +0.09 ±0.02 .35 +0.03 ±0.02 .34 

 
2. 2. The next step in the evaluation of the satellite re-

duction quality was made by determining the differential 
coordinates in the sense of ″satellite minus satellite ″ and 
their comparison with theoretical data. 

 
Table 3. The statistical characteristics of differential coor-
dinates of Saturn’s satellites by DLFA observations. 

 
Table 3 selectively for some pairs of satellites presents 

statistical characteristics of differential coordinates from 
observations at the DLFA telescope. First of all, these are 
the pairs formed by the combination of the S2 satellite 
with other four ones. Positions of S2 (Enceladus) form the 
short-term observational series (n=12), obtained in 1979–
1981 at DLFA. Here, the statistical data for other pairs of 
moons with the essentially larger  number  of observations  

Obj. N (O-C)α Sdα (O-C)δ Sdδ Teles. 
S2 12 0.48 .68 0.16 .48 1 
S3 96 0.00 .58 0.10 .43 1,4 
S4 183 007 .44 0.07 .42 1-4 
S5 269 0.15 .47 0.07 .42 1-4 
S6 435 0.09 .47 -003 .43 1-4 
S7 12 -0.04 .47 0.10 .63 1,4 
S8 377 0.11 .48 0.04 .41 1-4 
S9 1 0.44  -0.27  4 

Si-Sj N (O-C) α Sdα (O-C) δ Sdδ 
S8-S2 6 -.05±.21   .52  .03±.08   .21 
S6-S2 6 -.51±.18 .46 -.25±.13  .33 
S5-S2 10 -.46±.25 .80 -.08±.09 .33 
S4-S2 8 -.06±.29 .83 -.14±.10 .28 
S3-S2 7 -.12±.20 .53 -.03±.08 .21 
S8-S6 193  .01±.02 .28  .04±.02 .32 
S5-S6 187  .02±.02 .24 -.06±.02 .25 
S8-S3 43 .11±.05 .31  .02±.03 .22 
S6-S3 68  .13±.04 .31 -.06±.03 .25 
S5-S3 61 .10±.04 .29 .01±.03 .22 
S8-S4 119 .00±.03 .31 .01±.03 .30 
S6-S4 139 -.02±.02 .28 .00±.07 .17 
S5-S4 125 .02±.02 .27 -.02±.02 .27 
S3-S4 38 -.06±.04 .24 .11±.04 .25 
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Figure 3:  Matching of the mean values  (О-С) obtained in 
the processing of Saturn’s moons’ observations using  two 
techniques.  

 
 

are given. For these pairs, values of Sd occurred two times 
lower than for pairs with S2. It may be due to small vol-
umes of samples or the inaccuracy of S2 theoretical data. 
For the short-term observations and samples of small vol-
umes, such type of analysis is not always unambiguous. 

 
2. 3. One more step in the evaluation of the observation 

reduction quality was made by comparison of two tech-
niques of processing the same series of photographic obser-
vations. We used the observations obtained by Z600 reflec-
tor in 1990. Both types of reduction  are made in the same 
reference system of Tycho-2. In the first case we used the 
"classic" method of the reduction and in the last one the 
method of the reduction of digital plate images was applied.  

It occurs that the number of positions of the same ob-
jects calculated with using two methods differs. The clas-
sic method gives 231 positions of  7 Saturn’s satellites. 
The modern technique gives only 172 positions. But, only 
in 119 cases, a match is found on objects and their 
moments of observations. 

Fig. 3 and 4 show the differences in statistical 
characteristics for two different techniques of plate 
processing. The discrepancies of mean values of (О-С)α 
and (О-С)δ (Fig.3) on each satellite are small within the 
error of the mean. As for the differences in standard 
deviations Sd (Fig.4) on α coordinate, they are more 
significant while Sdδ doesn’t show any differences. The 
number of satellite positions is shown along X-axis. 

The quantitative and qualitative difference in the results 
of reduction by using two techniques exists for other 
telescopes too. For example, earlier we had obtained 5 
positions of S1 satellite close to Saturn (1980, DLFA). 
But processing of  the digital image does not provide 
them.  For S2 satellite 42 positions were previously 
determined from the observations obtained by tree 
telescopes DLFA, DWA, Z600 (1978-1990). 

The digital image processing  procedure has fixed only 
12 positions of S2 obtained by DLFA (1979-1981). The 
cause of this disagreement may lay in the imperfection of 
the algorithm which evaluates the center and the quality of 
the satellite image and eliminates “trash” images. It 
requires the further study and improvement.  

 
Figure 4:  Matching of standard deviations  Sdα and Sdδ  
obtained in the processing of Saturn’s moons’ 
observations using  two techniques. 
 

 
3. Uranus, Neptune and their moons 
 
We have completed the processing of photographic 

observations of Uranus, Neptune and their moons 
obtained with three telescopes: DLFA, DWA, Z600 
during 1963-1990 (Protsyuk et al., 2015; Yizhakevych, 
2017a in press). The observational technique, as well as 
reduction one, were the same as  for Saturn’s moons. We 
used  33 plates  (or 20 observational nights) with Uranus 
images and  29 plates with Neptune  (16 nights). Besides 
the images of major planets, we succeeded to identify and 
process 4 moons of  Uranus , U1, U2, U3, U4 and one 
moon of the Neptune –N1. Finally, we obtained catalogs 
of astrometric positions of Uranus (n=61) , its 4 satellites 
(n=56), Neptune (n=51) and its satellite N1 (n=9).  

Table 4 contains the assessment of the internal accuracy 
of the reduction for Uranus and Neptune observations – 
RMS errors for both coordinates α, δ,  and photographic 
stellar magnitude Bph. Here, as the volume of treated 
observations significantly yields the Saturn’s one, so the 
statistical parameters are determined less certain.  
 
 
Table 4. The internal accuracy of the reduction of 
photographic  plates with Uranus and Neptune images. 

 
Tables 5 and 6 comprise differences (О-С)і  between 

observed and theoretical positions (DE405) of planets and 
their moons, mean values of  (О-С) and standard 
deviations Sd on both coordinates. All the estimations are 
obtained online using IMCCE data. 

 

N 
posit. Tel.. Scale 

"/px 
Ref. 
stars 

Rms 
Bph 

Rms 
α 

Rms 
δ Uran./ 

/Nept. 
DLFA 0.79 97 .29 .06 .08   9 |/  3  
DWA 2.17 800 .32 .16 .20 29 / 33 
Z600 0.59   16 .36 .09 .10 23 / 15 

Σ   =    61 / 51 
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Table 5. The results of the reduction of photographic ob-
servations of Neptune and its satellite N1. 

 
Table 6. The results of the reduction of photographic 
observations of Uranus and its satellites U1-U4. 

           
            

 
Figure 5: The distribution of Uranus observations with 
years and the dispersion of (О-С)i deviations 

 
Figure 6: The distribution of Neptune observations with 
years and the dispersion of (О-С)i deviations  
 

3.1. Fig. 5 and 6 demonstrate the distribution of 
observations of Uranus and Neptune during a 30-year 
observational period and the scatter of   (О-С)і values 
relative to their arithmetic mean. 

The (О-С)і scatter range is rather wide and is within 
±2.0″. After the elimination of positions with (О-С)і  
2σ″, the total amount of Uranus and Neptune positions 
decrease by 10-16%, and the range of (О-С)і scatter 
around the mean value narrowed to ± 1.5″.  Taking into 
account the paucity of samples (for Uranus  number of 

positions n is 61, for Neptune  n=51),  such narrowing has 
a significant effect on statistical parameters of a reduction, 
mainly on the standard deviations. It also casts doubt on 
the reliability of the evaluation of the material. 

  
3.2. As in the case of Saturn, we have made the com-

parison of two techniques of processing procedure for 
U1, U2, U3, U4, N1 satellites (Z600, 1990). Fig. 7 dem-
onstrates the differences between the standard deviations 
Sdα and Sd δ obtained using different techniques of re-
duction.  

 

 
Figure 7:  The comparison of reduction results made using 
two different processing procedures by comparison of 
standard deviations Sdα and Sdδ 
 

Solid lines in Fig.7 represent the classic technique of the 
reduction, and the dashed ones describe the digital 
technique. Digits under the signs mark the number of 
positions. The remarkable divergence between two 
techniques on α coordinate may be the consequence of 
small volumes of samples. 
 

4. Conclusions 
 

1. Processing of photographic observations of major 
planets and their moons was performed in the framework 
of UkrVO project (Vavilova et al., 2012a; 2012b; 2014a; 
2014b). 

 2. We obtained astrometric catalogs of Saturn’s 
satellites (n=1385 positions), Uranus (n=61), Neptune 
(n=51), Uranus’s satellites U1 (n=3), U2 (n=8), U3 
(n=22), U4 (n=22), Neptune’s moon N1 (n=9) in Tycho-2 
reference system. The internal accuracy of reduction in 
both coordinates is in the range 0.06″-0.11″. For  DWA 
telescope this accuracy  is more than twice worse and  is 
0.16″- 0.23″. The accuracy of photographic magnitudes 
varies from 0.27 mg  to 0.37mg  for all 4 telescopes. 

 3. The comparison of calculated positions with theory 
DE405 shows that the scatter of (О-С)і values is ± 2”. 
Elimination of positions with (О-С)і  2σ″ leads to the  
decrease of the sample volume by 10%-15%  and to the 
reduction of standard deviation Sd approximately by 0.15”. 
For narrow samples, the application of the (О-С)і  2σ″ 
criterion can  produce the erroneous conclusions. 

  Object N (O-C)α Sdα (O-C)δ Sdδ Tel. 
N1 8 0.14 .41 0.25 .49 4 
N1 1 0.95 - -0.01 - 1 
     Σ  =  9 0.23 .46 0.23 .46  
Neptune. 3 0.23 .46 0.07 1 1 
Neptune 33 0.20 .68 -0.32 .98 2 
Neptune 15 -0.06 .38 0.00 .44 4 

Σ   = 51 0.12 .60 -0.20 .83  

Obj. N (O-C)α Sdα (O-C)δ Sdδ Tel. 
U1 3 -0.30 1.18 0 .78 .73 4 
U2 8 -0.16 0.86 0 .31 .39 4 
U3 22  0.04 0.52 0 .12 .31 4 
U4 22 -0.09 0.56  0.10 .49 4 
U4 1 0 .00 - -0.61 - 2 
      Σ = 56 
Uranus 9 0.86 0.61 -0.23 .61 1 
Uranus 29 0.13 0.80 -0.22 .75 2 
Uranus 23 0.15 0.66 0.06 .69 4 
       Σ = 61 0.24 0.76 -0.12 .74  
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4. The comparison of results obtained by the two 
techniques, classic and digital, shows  the difference in the 
number of calculated positions for all objects. The reasons 
for these discrepancies are studied.  
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ABSTRACT. FON (Russian abbreviation of the Photo-
graphic Sky Survey) were carried out at 6 observatories. 
The Kitab Observatory (KO) of Ulugh Beg Astronomical 
Institute (UBAI) of the Uzbek Academy of Sciences 
(UzAS) was involved in this project from 1981 to 1996. 
For the observations the Double Astrograph of Zeiss 
(DAZ, D/F = 40/300, 69"/mm) was used. On the FON 
project about 2600 photographic plates were exposed. In 
October, 2015 digitization of these astroplates were 
started using EPSON Expression 10000XL flatbed scan-
ner with the spatial resolution of 1200 dpi and completed 
in June, 2016. The first stage of the work is the processing 
of the 2000 photographic plates in zones of the southern 
hemisphere with the declination between 0 and -20 de-
grees. The 1704 plates have already been processed. The 
equatorial coordinates α, δ of stars and galaxies were de-
termined in the system of the Tycho2 catalogue and the B-
magnitudes in the system of the photoelectric standards. 
UBAI UzAS, Tashkent (Uzbekistan), ASU, Andijan (Uz-
bekistan), WHO, Essen (Germany), RI NAO, Nikolaev 
(Ukraine), MAO NASU, Kyiv (Ukraine) have taken part 
in the processing of the digitized images. For the data re-
duction the MIDAS package and software, developed in 
the MAO NASU were used. Based on the results of the 
processing of the astronegatives in the sectors of right 
ascension from 0 hours to 24 hours and declination from -
20° to 0° the internal errors of the catalogue were esti-
mated. The errors calculated for all stars are 0.17" and 
0.18m respectively. For the stars brighter than 14 magni-
tude the errors are 0.08" and 0.07m for the equatorial coor-
dinates and B-magnitudes respectively. 

Keywords: photometric – methods: data analysis – cata-
logs, virtual observatory tools – astrometry – techniques 

1. Introduction 
 
The idea of the project "A photographic survey of the 

northern sky" (FON) was initiated by the main Astro-
nomical Observatory of National Academy of Sciences of 
Ukraine (MAO NASU, Ukraine) [Kolchinsky, 1977]. The 
observatories of the former Soviet Union, such as Go-
loseevo, Zvenigorod, Dushanbe,Abastumani, Zelenchuk 
and Kitab realized this project using identical astrographs 
(with a diameter of 400 mm lens and a focal length of 
2000 mm or 3000 mm) produced by the company Carl 
Zeiss Jena (GDR). On the Kitab observatory was installed 
a double Zeiss astrograph (F = 3000 mm, field of view 
5.5° x 5.5° and scale 69"/mm). The photographing of the 
sky (from -20° to +30°) was done with a shift of the cen-
ters of photographic fields in 2 degrees on the declination, 
and with a difference of distances in 4 degrees on the right 
ascension between the centers of adjacent fields. The ob-
servation schema is represented in the Figure 1. Each field 
was photographed with two exposures (the long one: from 
40 to 60 minutes and the short one: from 40 to 60 sec-
onds) on the same photographic plate with the shift on 
both coordinates. The duration of the long exposure was 
selected in such a way to obtain images of stars down to 
16-17 magnitude. On the Kitab observatory the photo-
graphic observations for the FON project were carried out 
from 1981 to 1996. More than 2600 photographic plates 
were received. In the observations were involved E. 
Rakhmatov, X. Rakhmatov, E. Mirmahmudov, L. Bash-
tova, J. Ivanov and others. In October, 2015 all astronega-
tives were brought from Kitab observatory to Tashkent 
and systematized as an archive of the glass library of the 
AI UzAS. Since November 2015  have been scanned more 
than 2000 astronegatives in the areas from -18° to 0° using  
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Figure 1: The scheme of the overlapping fields of the as-
tronegatives for the Kitab's part of the FON project. 

the Epson Expression 10000XL flatbed scanner and its 
base software product designed for the scanning with a 
spatial resolution of 1200 dpi and the size of fields up to 
13000 x 13000 pixels (one pixel is equal 1.45"). By this 
time, for the Kyiv's part of the FON project in MAO 
NASU was developed a special software in 
LINUX/MIDAS/ROMAFOT environment, which has 
already been tested in various works (Andruk, 2005a; 
Andruk, 2005b; Andruk, 2007; Andruk, 2010; Eglitis, 
2016a; Eglitis, 2016b; Kazantseva, 2015;  Protsyuk, 
2014a; Protsyuk, 2014d; Protsyuk, 2015; Vavilova 2012a; 
Vavilova, 2012b; Vavilova, 2014; Yatsenko, 2011; Yiz-
hakevych, 2014; Yizhakevych, 2015; Yizhakevych, 2016). 
For all scans of the Kitab's part of the FON project were 
already received rectangular coordinates and instrumental 
stellar magnitudes of all registered objects and compiled 
preliminary catalogues of stars for all zones. The final 
result – the common catalogue will be obtained from the 
processing of single scans without rotating of the plates by 
90°, which allows to save resources for storing and proc-
essing information twice without the compromising the 
accuracy of the results. The principles and steps of the 
processing of digitized photographic plates, which were 
briefly summarized in Andruk, 2015c, are already suc-
cessfully applied for the processing of all scanned images 
of the Kitab's part of the FON project. 

2. The progress in the realisation of the Kitab's part 
of the FON project 
 
The common approach to the study of accuracy charac-

teristics of scanners was implemented in the works (Golov-
nya, 2010; Protsyuk, 2014b; Protsyuk, 2014c). In this work 
for the digitization of the astronegatives was used the Epson 
Expression 10000XL scanner. The investigations of its as-
trometric and photometric characteristics were discribed in 
the works (Muminov, 2013; Muminov, 2014, Muminov, 
2016). To obtain a star catalogue of equatorial coordinates 
and B-magnitudes were used the methods and programs for 
the processing of scans and the creating of catalogues pre-
sented in the works (Andruk, 2014; Andruk, 2015b; 
Andruk, 2016a; Andruk, 2016b; Pakuliak, 2016). The equa-
torial coordinates of stars and galaxies were obtained in the 
system of Tycho2 catalogue and the photographic B-
magnitudes in the system of photoelectric standards 
(Andruk, 1995; Kornilov, 1991; Mermilliod, 1991; Relke, 
2015). So far (September 2016) were processed N=1704 
plates in ten areas, on which after mutual identifications for 
overlapping areas of the plates were found more than 
K=11.6 millions  stars and galaxies from more  than  L=116 

 
Figure 2: The progress in the processing of plates of the 
Kitab's part of the FON project. 
 

 
Figure 3: The errors of the determining of the equatorial 
coordinates and B magnitudes. 

 
millions registered objects. These data for all zones are pre-
sented in the Figure 2. In the Figure 3 are given values of 
errors of the determined equatorial coordinates (a, b) and 
errors of the B-magnitudes (c, d) as well as the histogram of 
the distribution of stars and galaxies by magnitudes (f). 
Based on the results of the processing of these astronega-
tives were estimated internal catalogue errors. The mean 
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errors for all stars are 0.17" and 0.18m (for stars brighter 
than 14 magnitude -0.08" and 0.07m) in equatorial coordi-
nates and magnitudes respectively. 

 

6. Conclusion 
 
The scanning, processing and creation of star catalogue 

in areas from -20 to 0 degrees of the Kitab's part of the 
FON project are planned to be finished by the end of 
2016. The coordinates of stars and galaxies will be re-
ceived in the system of Tycho-2 catalogue (mean epoch, 
1984.9), B-magnitudes in the system of photoelectric 
standards. As photometric standards for the building of 
the characteristic curves of individual astronegatives were 
used photoelectric B-magnitude of stars from special cata-
logues. The convergence between the calculated and ref-
erenced positions is σαδ = ±0.056" and the convergence 
with photoelectric stellar B-magnitudes is equal σB = 
±0.19m. Differences relative to the UCAC4 catalogue are 
equal σαδ  = ± 0.29". 

The star catalogue of positions and B magnitudes of 
the Kitab's part of the FON project will be posted on the 
web-page of MAO NASU and website of UkrVO. The 
catalogue of stars and galaxies down to B ≤ 17.5m in-
cludes equatorial coordinates α, δ on the individual epoch 
of the observations and on the Equinox 2000, stellar mag-
nitudes in the B system, as well as the errors of the deter-
minations of these values, the number of definitions and 
information in the form of average values for the diameter 
of star images (f) and intensity values in the center of the 
object images (Ic). Also in the catalogue will be included 
an additional information from the UCAC4 catalogue: the 
proper motions and stellar magnitudes in F, B, V, R, I 
bands (Zacharias, 2013).  

Interim results on the progress and outcome of the cre-
ating a FON-Kitab catalogue (as well as works that were 
performed using FON software packages) were reported 
on the conferences Pulkovo-2013, Pulkovo-2015 (Russia, 
St.-Petersburg), Gamov-2016 (Odessa, Ukraine), Astro-
plate-2016 (Prague, Czech Republic) and others (Andruk, 
2015a; Muminov, 2016). 

Acknowledgements. The authors are thankful to anybody 
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ABSTRACT. Observations of recombination radio 
lines (RRL) of hydrogen, helium (H, He) and carbon (C) 
were carried out in several positions of the HII region 
Orion A with RT22 radio telescope (Pushchino, Russia) at 
the wavelengths of 8 and 13 mm. The information about 
the ionization structure of the HII region was received. It 
is obtained that the measured helium abundance increases 
in the directions to "North" and "West” with a maximum 
at angular distances of 100-150˝ after which it declines. 
The maximum measured relative helium abundance, y+ = 
n(He+)/n(H+), is in the range of 9.4 – 11.0 %, therefore the 
actual He abundance n(He)/n(H)) is ≥ 9.4(±0.5) %. With 
these estimates, the lower limit of the primordial helium 
abundance Yp ≥ 25.19 (±1.15) % should be expected. 
This limit is still not strong enough to assert the excess 
over Yp predicted by the standard cosmological model (≈ 
24.8%), but it admits the existence of unknown light parti-
cles. The y+ behavior and model calculations indicate that 
Teff (effective temperature) of 1 Ori C star is 35000 – 
37500 K, corresponding to the star spectral type of ≈ 
O6.5 V, which is important for the calibration of hot OB-
stars. Measured electron temperatures (Te) of the HII re-
gion, taking into account the deviations from the LTE, are 
in the range of 6600 – 8400 K and are strictly decreasing 
in direction to the “East”. Alas information on the turbu-
lent velocities of the ionized gas and its electron density 
was obtained.  

Keywords: ISM: abundances – HII regions – Radio 
Lines: Orion Nebula 
 

1. Introduction 
 
Recombination radio lines (RRL), being one of the 

powerful tools for interstellar medium studies (Soro-
chenko & Gordon, 2003), also allow  to check the stan-
dard cosmological model (SCM), in parts of primordial 
nucleosynthesis  in the Universe that has taken place the 
first 2–3 minutes after the Bing Bang. Due to the Uni-
verse’s expansion, only several light elements were pro-
duced during primordial nucleosynthesis which are he-
lium-4 (hereafter, He), deuterium, helium-3, tritium and 
lithium. While almost all these elements are indicators of 
baryonic density of the Universe, the primordial helium-4 
abundance also can be an indicator of the presence or ab-
sence of unknown light particles (Tsivilev et al., 2004, 

2013; Tsivilev, 2009). The presence of unknown light 
particles may imply deviations from the SCM. 

One of the most reliable methods of measurements of 
primordial helium abundance, Yp = (Не/Н), is based on the 
optical and radio observations of Н (hydrogen) and Не (he-
lium) recombination lines from HII regions. Optical obser-
vations can cover large number of sources including extra-
galactic ones. Comparing with optical observations, RRL 
observations are significantly less affected by systematic 
effects because, in radio range, helium can be treated as a 
hydrogen-like system with high accuracy meaning that co-
efficients of populations of identical hydrogen and helium 
levels are equal and canceled out in the (Не/Н) ratio, thus, 
allowing to directly estimate the n(Не+)/n(H+) value (see, 
e.g., Tsivilev, 2009; Tsivilev et al., 2013). 

Our experience shows that moreover it is desirable to 
study the HII regions, especially their ionization structure, 
when estimating the He abundance in these HII regions. 
One of such HII regions is Orion A nebulae.  We have been 
investigating this region for a long time (Tsivilev et al., 
1986; Poppi et al., 2007; Tsivilev et al., 2014; Tsivilev, 
2014) by observations of RRL which are mainly at the 
wavelengths of 8 and 13 mm. As a result of these investiga-
tions, we constructed the model of the HII region and ob-
tained that the distribution of measured y+ = n(Не+)/n(H+)  
values has a maximum of  y+ = 10.0 (±0.8) %, that probably 
is close to the actual abundance of helium (n(Не)/n(H)) in 
this region (Poppi et al., 2007).  In present study, we de-
cided to repeat RRL observations in Orion A with RT22 
radio telescope (Puschino) at the 8 mm wavelength using an 
upgraded hardware in order to improve estimates of the 
position and value of the maximum of n(Не+)/n(H+) distri-
bution as well as to obtain physical parameters of the HII 
region and to obtain the new estimate of Yp. 

The positions in Orion A at which the new observations 
of H, He and C RRLs at 8 and 13 mm were carried out are 
shown in Figure 1. Part of the observations at 8 mm was 
published (Tsivilev, 2014), these positions are marked in 
Figure 1 as large circles with a size equal to the RT22 
beam size at 8 mm. 

 
2. Ionization Structure and Helium Abundance 
 
In HII regions, the measured (y+ = n(He+)/n(H+)) and 

actual helium abundance (y = n(He)/n(H)) are related 
through the structure factor R: 

RADIOASTRONOMY
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y+ = R * y, 
where R is determined by the ionization structure, i.e. by 
the  ratio of sizes and emission measures of Не+ и Н+ 
zones  (see, e.g., Tsivilev et al., 2013).  

In our previous works (Tsivilev et al., 1986; Poppi et 
al., 2007), it was shown that the Orion A HII region has a 
“blister-type” structure with the core–halo density distri-
bution. The current study, as well as previous ones, shows 
that ionized helium zone is smaller than ionized hydrogen 
zone, i.e. the factor R is lower than 1 and has a different 
value in the core and halo. The factor R is lower for the 
core (where we see the HII region is ionization bounded 
only) than for the halo, where we see the HII region is 
partly ionization bounded and partly density bounded, and 
the contribution of these parts into the observed emission 
varies with a position. In the positions, where the peak 
values of y+ are observed, the factor R probably is close to 
1 (see Figure 9 in Poppi et al., 2007) , i.e. one can directly 
measure the actual helium abundance in these positions. 
 

 
Figure 1: Optical image of Ori A region in H and NII 
lines from  Hua & Louise (1982). Contours (faint white 
lines) designate 23 GHz continuum (Wilson & Pauls, 
1984). Circles (large and small) and squares show posi-
tions at which our observations, respectively at 8 mm and 
13 mm, were carried out. 
 

Figure 2 shows the obtained distribution of 
n(He+)/n(H+) towards different directions in Orion A. In 
the previous study (Poppi et al., 2007), we found that the 
y+ maximum is located in positions Ori2 and Ori3 (see 
Figure 1). In this study, we obtained that the y+ maximum 
is located close to the position marked as N13 (see Figure 
1) where measured y+ values are in the range of 9.4 – 11.0 
%. For the established ionization structure, this means that 
the actual helium abundance in Orion A, n(He)/n(H), 
should not be lower than 9.4(±0.5) %.  Further, in this 
position, we also can estimate the lower limit of primor-
dial helium abundance (Yp). The helium abundance 
measured in the interstellar medium consists of ~ 90 %, 
the one produced during the era of primordial nucleosyn-
thesis in the Universe, and of ~10 % one produced by 

stars during their evolution (Hoyle & Teyler, 1964). To 
account the contribution of stars one can use the depend-
ence of the helium abundance (Y, on a mass) on the abun-
dance of heavy elements (Z) (Tsivilev, 2009). Taking the 
slope of this dependence, dY/dZ = 1,62 (± 0.29), from the 
literature (Izotov & Thuan, 2010) and the abundance of 
heavy elements in Orion A, Z = 0.0112 (±0.0022) (Bald-
win  et al., 1991),  we obtain: 

Yp ≥ 25.19 (±1.15) %. 
This limit is still not strong enough to claim the overabun-
dance comparing with Yp predicted by the SCM (≈ 
24.8%), however this limit admits the existence of un-
known light particles in agreement with previous works 
(Tsivilev et al., 2004; 2013; Tsivilev, 2009). 
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Figure 2: The distribution of measured у+ = n(He+)/n(H+) 
values with the distance from the OriA center (θ1 Ori С 
star). Black cirlces – in direction to the “East”: OriA – 
OriBar (large circles in Figure 1); white circles – in direc-
tion to the “North”: OriA – Ori6; open triangles – in direc-
tion to the “West”: OriA – Ori3 and N13. 
 

 
3. Effective Temperature of  θ1 Ori С Star 
 
In figure 2, it is seen that, in directions to the “North” 

and “West”, the measured helium abundance increases 
with increasing distance from the OriA center (r) and has 
a maximum at angular distances of 100-150" after which 
it goes down. In direction to the “East”, the measured 
y+(r) always decreases with increasing r which means that 
along this direction the HII region is bounded by ioniza-
tion only. This fact can be used to estimate the ionizing 
source (star or group of stars) of the HII region (Polyakov 
& Tsivilev, 2007). In the case of an ionization bounded 
HII region, the factor R will strongly depend on stellar 
properties, mainly on stellar effective temperature Teff 
(Tsivilev et al., 2013). In Orion A, this star is θ1 Ori С. 

Our model calculations of y+(r) behavior on the “East” 
direction show that Teff of the ionizing source is in the 
range of 35000 – 36500 К. If one take into account that 
the HII region is ionized by not a single star but by a 
group of stars (Copeti & Bica, 1983) then the actual Teff of 
θ1 Ori С star should be higher (by ~ 1000 К) and will be in 
the range of 36000 – 37500 К. This is in good agreement 
with our earlier estimates (Polyakov & Tsivilev, 2007).  
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Optical studies of Stahl et al. (2008) shown that the θ1 
Ori С spectral type is ~ O7 V. However, on our opinion, 
their data indicate that more likely the spectral type was ~ 
O6.5 V (see Figure 6 from Stahl et al., (2008)). It is 
known that one of the problems is a calibration of OB-
stars, i.e. the correspondence of a given spectral type to 
Teff. For example, for a star of O6.0 V spectral class Vacca 
et al. (1996) assign Teff≈43 600 while Pottasch et al. 
(1979) assign much smaller value Teff ≈36 500 K. 

Our data (see Figure 3) indicate in a favor of Pottasch 
et al. (1979) and Massey et al. (2005) calibrations, which 
is an important result. 

 

 
Figure 3: Spectral type-Teff calibration for OB-stars from P – 
Pottasch et al. (1979), M – Massey et al.  (2005), CU – Conti 
& Underhill (1988), V – Vacca et al. (1996). Our estimates 
for θ1 Ori С star are shown as a rectangle in the figure center. 

 
 
4. Electron Temperature of the Ionized Gas 
 
The RRLs, using the line/continuum contrast, allow es-

timate electron temperature (Te) of the ionized gas (Soro-
chenko & Gordon, 2003). We made such estimates assum-
ing LTE (local thermodynamic equilibrium) as well as 
non-LTE using tabulated departure coefficients from LTE 
of Salem & Brocklehurst (1979) and electron density val-
ues estimated by Mesa-Delgado et al. (2008) from optical 
observations. The results are shown in Figure 4 where it is 
clearly seen that, towards the “East” direction, Te strictly 
decreases as the distance from the OriA center increases. 
The Te decrease in direction to the “North” is doubtful. 
Optical data also show that Te decreases with distance 
from the center (Mesa-Delgado et al., 2008). Such a de-
crease towards the region periphery can be related to ei-
ther decreasing density (Wilson & Jaeger, 1987) or to an 
increase towards the region periphery of the abundance of 
heavy elements, especially oxygen and sulfur, which are 
cooling agents (Spitzer, 1981). 

 
5. Turbulent velocities of the Ionized Gas 
 
According to RRL theory, line profile at the considered 

wavelengths has a Gaussian shape with the width that is a 

convolution of thermal and turbulent broadening (Soro-
chenko & Gordon, 2003). As we have measured Te, we 
can calculate thermal broadening and then extract turbu-
lent one from the observed RRL width. In this way, we 
obtain turbulent velocities of the ionized gas (Vt). Figure 5 
shows the Vt distribution obtained using hydrogen as well 
as helium lines. It is seen that there is no clear dependence 
of Vt on the distance, however there is a weakly apparent 
peak at distances of 100-150" from the OriA center. This 
peak can represent the presence of boundary of the core of 
the HII region at these distances.  The Vt values obtained 
are in good agreement with the previous measurements of, 
for example, Sorochenko & Berulis (1969). 
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Figure 4: The dependence of electron temperature on the 
distance from the OriA center. Top panel shows the re-
sults obtained in direction to the “North”; bottom panel 
shows the results obtained in direction to the “East”. Open 
circles show the results obtained taking into account non-
LTE effects; filled circles show the results obtained as-
suming LTE 

 
 

6. Electron density of the Ionized Gas 
 
RRL theory (Sorochenko & Gordon, 2003) also predicts 

that for the quantum levels of atoms excited to principal 
quantum numbers of 100 and higher, Stark broadening 
due to collisions with electrons becomes apparent. Stark 
broadening is characterized by a Lorentz profile and an 
observed RRL has a Voight profile. In the same spectrum 
at 13 mm (i.e. with the same frequency setup and angular 
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resolution), we see simultaneously Н65α and Н93γ RRLs 
(see Figure 6). The observed line width of Н93γ is higher 
than the one of Н65α in all observed positions. We sug-
gested that Н65α is broadened only thermally while Н93γ 
line is additionally broadened  by Stark effect.  

We have fitted Н93γ RRL profile with Voight function 
(Smirnov & Tsivilev, 1982) fixing Doppler width which 
was determined using Н65α RRL. In this way, we esti-
mate Lorentz broadening that is proportional to electron 
density (Ne) of the ionized gas and proportional to the 
principal quantum number of excited hydrogen level in 
the power of ≈ 4.5 (Sorochenko & Gordon, 2003).  

As a result, we obtain Ne = (1.2 ± 0.2) 105 cm-3 for posi-
tions N9-N13 and Ne = (1.4 ± 0.4) 105 cm-3 for the nebu-
lae center. This is higher by the order of magnitude than 
the value estimated by Smirnov et al. (1984) with RRL 
and the maximum value Ne ~  2.5  104 cm-3 obtained by  
Mesa-Delgado et al. (2008) using optical observations.  
Further analysis is required to find out reasons for this 
inconsistency. 

 
To save a space we do not present a table with esti-

mated RRL parameters however we are ready to send this 
table on an e-mail on a request. To see shapes of the 8 mm 
spectra it is possible in Tsivilev (2014) paper.  
 

 

 
 

Figure 5: The dependence of turbulent velocities on the 
distance from the OriA center obtained using H (grey 
lines) and He (black line) RRLs. Top panel shows the 
results obtained in direction to the “North”; bottom panel 
shows the results obtained in direction to the “East” 

 
Figure 6: The spectrum at 13 mm averaged between posi-
tions N13and N9. Ordinate is antenna temperature; ab-
scissa is a spectral channel number, the frequency in-
creases with increasing channel number. The smooth 
curve is the fitted spectrum. 
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ABSTRACT. On the Pushchino Radio Astronomy 
Observatory of Lebedev Physical Institute by radio 
telescope BSA (Big Scanning Antenna) in 2012 started 
daily multi-beam observations at the frequency range 109-
112 MHz. The number of frequency bands range from 6 to 
32, while the time constants range from 0.1 to 0.0125 sec. 
This data is an enormous opportunity for both short and 
long-term monitoring of various classes of radio sources 
(including radio transients), the Earth's ionosphere, 
interplanetary and interstellar plasma monitoring, search 
and monitoring for different classes of radio sources, etc. 
A specialized database was constructed to facilitate the 
large amount of observational data (http://astro.prao.ru/ 
cgi/out_img.cgi ). We discuss in this paper method of 
allocation from the database for impulse data of various 
types. By using the database allocated 83096 individual 
impulses in declination from +3 to +42 degrees for July 
2012 – October 2013 from pulsars, scintillation sources 
and so one. In result we constructed homogeneous sample 
suitable for statistical analyzes.  

Keywords: radio survey, radio transients, monitoring, 
database 
 

1. Observations  
 
In 2012 the multi-beam feed array has become opera-

tional on the BSA FIAN radio telescope (Oreshko et al., 
2012). As of July 2015 it is capable of 24-hour observa-
tion using 96 beams in declination of -8 to +42 degrees in 
the 109–111.5 MHz frequency band. 

Radio Observatory of Lebedev Physical Institute in 
Pushchino has one of the most sensitive radio telescope at 
110 MHz BSA (Big Scanning Antenna). Radio telescope 
originally worked in a range of 101–104 MHz, but in 1996 
was rebuilt to a range of 109–112 MHz. In this range BSA 
telescope is the most sensitive in the world (and one of the 
most sensitive in the world in the meter wavelength range 
as a whole). Systemic equivalent flux density (SEFD) radio 
telescope is 34 Jy (Oreshko V.V. et al., 2012) at the zenith 
at a minimum temperature of the background, while a radio 
telescope LOFAR SEFD at a frequency of 120 MHz is 
about 2000 Jy (Van Haarlem et al., 2013). We need note 
that now the long-wave radio astronomy (in the range of 10 
to 300 MHz) is experiencing a new wave of interest. There 

is a wide class of scientific problems for this range (see., eg, 
Konovalenko et al., 2016). Existing radio telescopes (the 
most famous of them UTR-2 – Braude et al., 1978) are ex-
periencing a rebirth, as the construction of new radio tele-
scopes – except LOFAR (Van Haarlem M. P. et al., 2013) 
should be called GURT (Konovalenko et al., 2016) and 
LWA (Taylor et al., 2012).  

Since 2012  BSA started multi-beams observations us-
ing 96 beams in declination from  -8 up to +42 degrees in 
6 and 32 frequency bands at 109-112 MHz and time sam-
pling  0.1 s and 0.0125 s. The data stream in 32 bands and 
time sampling of 0.0125 s is producing 87.5 gigabytes per 
day. It was accumulated more than 70 TB (i.e. 3.5 TB 
with 100 ms time resolution from 2012 and 67 TB with 
12.5 ms resolution from 2014).  

The main technical parameters of the radio telescope 
BSA are:  

operating frequency band 109 – 112 MHz; 
the effective area of the antenna (maximum) – 47 000 

square meters; 
the system noise temperature (minimum) – 560 K; 
antenna polarization – linear (horizontal, along the east-

west direction); 
the number of beams today in registration – 96; 
the width of beam diagrams in the E-plane – 54 arcmin; 
the width of beam diagrams in the H-plane – 24 arcmin 

(zenith). 
The sensitivity of the survey is 0.07 Jy at 100 ms time 

resolution and 0.2 Jy at 12.5 ms resolution.  
Since July 2012 it was observed daily about 2 steradians, 

and starting April 2013 it is monitoring about 5 steradians for 
50 degrees in declination. This is unique survey of North 
Hemisphere. Based on accumulated data and newly re-
cording data we suggest to monitor and to search different 
types of astronomical phenomena. There are two main 
classes of the phenomenon which can be investigated using 
BSA data: long term monitoring (from daily up to yearly 
variations) and short transient detection (from ms to sec-
onds). In this work we are testing short transient phenomena.  

 
2. The selection methodic of pulse signals from data 
 
We may found that for the case of source entering into 

the area of the main lobe of a ray diagram for example 
with   S/N≥10  detection criterion  for  sporadic (transient)  
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Figure 1: An example of one of the found pulse events: 
response from the passage of a satellite of the Earth (the 
International Space Station, showing the reflection area of 
about 400 m2) through the beam glissade aircraft radio 
beacon from one of the near airports. These beacons oper-
ate at frequencies around 110 MHz (BSA frequency 
range). The arrows indicate the selected pulse (width of 
about 1.5 sec): on the left, mainly boxing picture – tempo-
rary scan by BSA beams, in the right box – scan a beam 
over 6 frequencies. The upper figure shows the result of 
boxing Pearson correlation results for the 3th time scales: 
they have the correlation is maximum at zero time scale 
for data from different observation frequency. At the top 
of the figure, on the 6th beam from above – an example of 
the scintillation point radio source. Such strong (single) 
order of magnitude as the scintillation of a second is usu-
ally also allocated as independent impulse events. 

 
 
 
signal it have the following estimates. The unit reliably 
detectable pulse emission data on a band 415 kHz (Δt = 
100 ms) will ≥1,6 Jy, for the band 78 kHz (Δt = 12,5 ms 
that very goog for FRB searching work) – ≥10,6 Jy.  

Note that for a recent LOFAR pulsar pilot survey (Coe-
nen, 2014), the authors have made a similar estimate with 
the same criterion of S/N = 10 to find fast radio bursts 
(FRB – see Lorimer et al, 2007), and it was ≥107 Jy for Δt 
= 0,66 ms (for our time scale Δt = 12,5 ms it will move to 
≥25 Jy). So in result 32-frequency data from BSA with Δt 
= 12,5 ms have good potential even in comparison with 
LOFAR, but in addition such survey we producing daily.  

In this paper we worked until with 6-frequency data (Δt 
= 100 ms). We we chose also more soft detection criteri-
ons: S/N≥5 for at least three of the six frequency bands. In 
our case signal S=Smax

 – Smedian  for any 5 second data 
segment and N is dispersion of S on this data segment at 
some frequency band. In result we found usually all 
events on time scale from 0.1 to nearly 1 seconds. After 
we allow only events that found not more than in 1-3 ray. 
So interference signal eliminated that reflected usually on 
tens rays. We are deleted also region δ≤ +3.5° so as we 
have big interference unclear nature.   

 

 
Figure 2: An example of one of the found pulse events: a 
response from one of the pulses (in the center of the fig-
ure) of the pulsar PSR2305+3000. The arrows indicate the 
selected impulse: to the left, mainly boxing picture – tem-
porary scan beams on BSA, in the right box – scan a beam 
with impulse over 6 frequencies. In the right box clearly 
visible time drift along the frequency (here DM = 49,6 
pc/cm3). The upper figure shows the correlation boxing 
search result Pearson for the 3th time scales: they all 
showed a clear shift of the lower frequency data about the 
high-frequency band. This pulsar is bright enough (~ 5 Jy) 
and noticeable series of pulses following each other with a 
period of P = 1,58 sec. In total for PSR2305 + 3000 on the 
time interval 6.07.2012 – 10.20.2013 years allocated 334 
pulse events. 
 

 
 

 
 
3. The results of searching and sorting 
 
In this work we discuss first results for short transient 

found from our database (Samodurov  et al., 2015) in July 
2012 – October 2013. We found 83096 events in diapason  
+3.5° ≤ δ≤ +42.5° which could be associated with pulsars, 
scintillation sources and fast radio transients. These found 
events are a homogenous sample suitable for statistical 
analysis. We found such classes of transient sources: 

A) False signal so as interference, apparatuses and like 
unrealistic phenomena – 21962 events from 83096 or 
26,43 %. They are:  

– the impulses generated by far lobe diagram response 
on flush/deviation in strong radio sources (usually Sun): 
5,87 % ; 

– the impulses generated by apparatuses: 13.28 % ; 
– the impulses generated by interference (man-made, 

thunderstorms): 3.94 % ; 
– the impulses generated by different man-made reasons 

(for example overflights) and other: 3.34 % ; 
B) Scintillation single signal produced by interstellar 

medium or ionosphere – 29283 events from 83096 or 
35,23 %. They are:  

168 Odessa Astronomical Publications, vol. 29 (2016)



– the scintillations with Δt≤1 second (in base generated 
by interstellar medium): 27,38 % ; 

– the scintillations with 1≤Δt≤5 second: 6,78 % ; 
– the scintillations with Δt ≥5 second (in base generated 

by ionosphere): 0,60 % ; 
– other (satellites – fig. 1 and not clear reason): 0,40 % 
C) The single impulses with some dispersion time delay 

along frequencies bands, that are generated by pulsar (fig. 
2) – 31851 events from 83096 or 38,33 %. 

The most interesting results of the selection pulse last 
type. About 340 pulsars from ATNF pulsar catalog 
(Hobbs et al) falling within a declination band +3.5° ≤ δ≤ 
+42.5° and have periods of more than 0.3 seconds. We 
found in our sample pulses for 41 of them (even 2 pulsar 
found of having period 0.2-0.3 seconds). Pulse events 
number that found for these pulsars ranges from 1 (one) to 
thousands for the above observation time (an average of 
about one year).  

The account of pulsars (for found sample from ATNF 
catalogue) with the different dispersion delay is varied: 

– DM<16 pc/cm3 : 9 units from 20;  
– DM<50 pc/cm3 : 37 units from 112;  
– 50 pc/cm3 <DM<100 pc/cm3 : 4 units from 91;  
– DM>100 pc/cm3 : 0 units from 187. 
This variation is clear so as good corresponding with 

distance to pulsars and its resulting brightness.   
In end to end we found also of some pulses from can-

didates in new pulsars. We hope that after adding check-
ing and analysis any from them really are unknown before 
pulsars.  

 
4. The future plans of data processing 
 
Noticeably influence scattering pulsar pulse broadening 

on the effectiveness of the pulse discharge from the data-
base. So ways of improving the search technique of pulse 
phenomena is now nearly clear: increase in analysis time 
(to appear from 5 sec to 15 sec) and the transition to data 
with Δt=12.5 ms and 32 frequency bands. 

The database will updated by data for 2013-2016 for the 
subsequent stages of the work on the allocation of pulse 
phenomena. The database also will be expanded to the 
"fast" data (32 bands with a sampling time of 12.5 ms), 
which will dramatically expand the class to solve scien-
tific problems: to investigate the fine structure of the giant 
pulses of pulsars, fine temporal structure of solar flares, to 
organize search FRB. 

Indeed, the search for the FRB we need: 
– Millisecond scale recording observations. The sam-

pling of 12.5 ms at a frequency of 110 MHz for the BSA 
telescope essentially meets the necessary criteria; 

– Large search area and the long-term observations. 
Some yars continuous observations of the 40% sky now 
provide good base for statistics, and the accumulation of 
observations is continuing; 

– The total bandwidth is 2.5 MHz, the difference between 
adjacent bandwidth of 78 KHz, while passing through the 
diagram BSA for about 5 minutes. These characteristics 
correspond to the available catch even short bursts of very 
high dispersion delays. Thus, it is easy to find that 
DM=1000 time delay in the region of 110 MHz with a dif-
ference frequency of 2 MHz is about 12 seconds, and for 
DM = 10,000 – about 120 seconds, which is also less than 
the width of beam of BSA telescope. Thus, the BSA is suit-
able telescope for observation and search for FRB. 
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ABSTRACT. The radio galaxy 3C169.1 and the quasar 
3C263, located at nearly the same distance with red shift 
z>0.6, have similar morphological and spectral 
characteristics. The maps of the sources obtained at 
decimeter and centimeter wavelengths have shown they 
are FRII radio sources with steep spectra and 
approximately equal angular sizes. The very first 
investigation of the sources structure at decameter 
wavelengths is presented in the report. Observations were 
made using a network of the URAN decameter 
interferometers with baselines 42 to 950 km and with 
maximum angular resolution of arcsec order of 
magnitude. The models of the image of these sources 
based on visibility functions measured have been obtained 
at frequencies of 20 and 25 MHz. They were composed of 
elliptical components with Gaussian brightness 
distribution. To facilitate the comparison of these low-
frequency models with high-frequency radio images, the 
latter were converted to the similar models by fitting the 
Gaussian components to lobes and hot spots selected at 
the maps. Comparison of the models revealed changes in a 
structure of the sources caused by the frequency decrease. 

 Keywords: interferometer, brightness distribution, 
decameter waves, radio galaxy, quasar.  
 

 
1. Introduction 
 
Observation of extragalactic radio sources at decameter 

wavelengths with the URAN interferometers has revealed 
that their angular structure at low frequencies differs 
considerably from high-frequency images of the sources. 
The most obvious reason is a difference in spectra of 
source components which leads to essential changes of a 
ratio of their fluxes and results in modification of the 
source brightness distribution at low frequencies. The 
most prominent spectral phenomenon is synchrotron self-
absorption of radio emission which is observed in the 
most compact details of the sources such as a core or hot 
spots. It often leads to disappearance of these compact 

details in the decameter range. An increase of an angular 
size of source lobes is other feature of brightness 
distribution observed at low frequencies. It is related to 
synchrotron losses in the most aged areas close to the core 
of the source. The losses make these areas less prominent 
at higher frequencies but keep them bright enough at 
lower ones. Such phenomenon has been revealed in radio 
galaxies studied with the URAN (Megn et al., 1999, Megn 
et al., 2003). Furthermore, an extended structure has been 
found out in some quasars at decameters that significantly 
exceed the source dimensions measured at decimeter 
wavelengths (Megn et al., 1996, Megn et al., 2006). These 
components have large spectral indexes and low surface 
brightness that complicates their detection at higher 
frequencies. But at the same time they provide 
considerable part of the total source flux at the decameter 
wavelengths.  

It is generally accepted that radio galaxies and radio 
loud quasars have common physical nature and 
differences in their optical/UV properties is a result of 
orientation of a source axis relative to the line of sight. 
General radio properties of large-scale structure of radio 
galaxies and quasars have to be similar. Individual 
features of the source radio structure can be connected 
with age and power of the sources, their environment and 
a redshift.  

The radio galaxy 3C169.1 and the quasar 3C263 are 
convenient pair of the sources to study of common 
properties and distinctions of the large-scale structure of 
extragalactic radio sources. These sources have 
approximately equal flux densities and angular 
dimensions; they are located practically at the same 
redshift of z≈0.6 hence possess similar physical conditions 
in them. The radio sources have a similar spatial structure 
of FRII type according to their high-frequency maps. The 
goal of this study was to obtain the angular brightness 
distributions of these objects at decameter wavelengths, to 
find a difference from their high frequency images, and 
also to compare the low frequency radio structures of the 
quasar and the radio galaxy. 
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Figure 1: Models of brightness distribution of the quasar 
3C263 at decimeter (a) and decameter (b) wavelengths  

 
 
2. Observations and reduction 
 
Radio galaxy 3C169.1 and quasar 3C263 were 

observed at frequencies of 20 and 25 MHz with the 
URAN radio interferometers (Megn et al., 1997, Megn et 
al., 1998) during 2011-2013. The observations were 
carried out in the range of ±2 hours from the source 
culmination by seven minutes scans.  

The arrays of radio telescopes URAN1-URAN4 have a 
possibility to receive the signals of two orthogonal linear 
polarizations to take into account Faraday rotation induced 
by Earth’s ionosphere. Visibility functions were calculated 
using a software correlator by multiplication of signals 
recorded at each of the URAN radio telescopes with signal 
received by the North-South array of UTR-2.  

Well-known technique of image reconstruction based 
on two-dimensional Fourier transform of complex 
visibilities cannot be used in observations at decameter 
wavelengths due to lack of a phase information. The 
method of model fitting using modulus of visibility 
functions was used instead to obtain brightness 
distribution of the radio sources.  

The models were composed from elliptic components 
with Gaussian brightness distribution. Parameters of the 
models were fitted to obtain a good agreement of their 
spectrum of space frequencies with experimental hour angle 
dependences of the visibility amplitude (Megn et al., 2001). 

At the first stage we used the maps of these objects 
obtained at higher frequencies to determine a quantity, 
dimension, form and relative position of the source 
components. For this purpose we calculate response of the  

 
Figure 2: Models of brightness distribution of the radio 
galaxy 3C169.1 at decimeter (a) and decameter (b) 
wavelengths  
 
map at space frequencies used in  our observations with 
URAN and then fit simplest models to these calculated 
visibilities. The fitted model demonstrates how the source 
looks like from the “URAN’s point of view” at high 
frequencies or at decameter wavelengths if its structure 
would not change with the frequency. Such models of 
brightness distribution are shown in the fig. 1a for the 
quasar 3C263 and fig. 2a for the radio galaxy 3C169.1.  

The experimental visibility functions obtained in 
observations with the URAN interferometers differ 
significantly from the calculated map responses hence the 
angular structure of both sources was changed at 
decameter wavelengths.  

At the second stage we fit a low frequency model to 
experimental data using models calculated above as an 
initial approximation to restrict the range of desired 
solutions and to eliminate ambiguities induced by a lack 
of the phase information.  The models of the brightness 
distribution of the sources at frequency of 25 MHz 
obtained in this procedure are shown in the fig. 1b and fig. 
2b for 3C263 and 3C169.1, respectively. 

 
3. Discussion 
 
To specify features of the source brightness distribution 

in the decameter range it is more convenient to compare 
the low frequency model with high frequency one rather 
than with the map. It allows determining the changes in 
flux density and dimensions of the source components 
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quantitatively. At high frequencies the main part of the 
flux of both sources is provided by the hot spots and the 
cores. At decameter wavelengths the cores radio emission 
is negligible and not detected with the URAN. The low 
frequency flux of the hot spots in both sources is much 
lower than emanation of the lobes that provide the main 
part of the sources emission at these wavelengths. The 
angular size of the lobes is enlarged significantly with 
frequency decrease, especially for south-east lobes, that 
are located closer to the observer in both radio sources. 
The farther lobes are increased modestly and hot spots in 
them, quite observable at the higher frequency, are not 
detected at the lower one.  

Centers of the brightness distribution of the extended 
components in both objects are shifted to the core of the 
source. It can be explained by influence of synchrotron 
losses in the oldest parts of the lobs. These parts were 
formed at earlier stage of source expansion and they are 
located closer to the core. The synchrotron losses have 
reduced energy of this most aged population of relativistic 
electrons hence their radiation at higher frequencies is 
weakened comparatively to the lower frequencies. This 
effect leads to the shift of the brightness centers of the 
lobes in the core direction at lower frequencies. Position 
of the hot spots at the decameter wavelengths practically 
coincides with their coordinates in the decimeter range. 

 

4. Summary 

The quasar 3C263 and the radio galaxy 3C169.1 were 
observed at the decameter wavelengths with the URAN 
interferometers. The models of the brightness distribution 
of the sources have been determined at low frequencies. It 
was found that at higher frequencies these objects have very 
similar properties. The radio sources have approximately 
equal angular sizes, flux densities, and ages and they are 
located at close redshifts. In the decameter range these 
quasar and radio galaxy also have similar angular structure 
but it differs significantly from their high frequency images. 
The compact details associated with the active cores of the 
sources are not detected. The lobes are enlarged noticeably 
and their relative brightness is increased compared to the 
hot spots. The extended structures whose size exceeds 
significantly source dimensions measured at high 
frequencies are not detected in both objects.  

 

References  
 

Megn A.V. et al.: 1999, ARep, 43, 428. 
Megn A.V. et al.: 2003, ARep, 47, 1038. 
Megn A.V. et al.: 1996, AstL, 22, 385. 
Megn A.V. et al.: 2006, ARep, 50, 692. 
Megn A.V. et al.: 1997, R&R, 2, 385. 
Megn A.V. et al.: 1998, R&R, 3, 284. 
Megn A.V. et al.: 2001, R&R, 6, 9. 
 
 

172 Odessa Astronomical Publications, vol. 29 (2016)



RELATIONS OF STRUCTURE COMPONENTS  
OF GIANT RADIO SOURCES 

A.P. Miroshnichenko 

        Institute of Radio Astronomy, NAS of Ukraine  
4, Mystetstv Str., 61002, Kharkiv, Ukraine, mir@rian.kharkov.ua 

 
ABSTRACT. Our previous estimates of physical pa-

rameters of galaxies and quasars with steep radio spec-
trum have showed their great radio luminosity and giant 
radio structure. Examination of the relations of corre-
sponding monochromatic luminosities at different bands 
(from decametre to X-ray) allows estimate the compara-
tive contribution of emission of structure components of 
sources. Using the sample of galaxies and quasars with 
steep radio spectrum from the UTR-2 catalogue we de-
termine the contribution of emission of extensive radio 
lobes relatively central region, also relatively accretion 
disk, gas-dust torus, crown of accretion disk of given 
source. The particular interest has the relation of mono-
chromatic luminosities of objects at near-infrared and X-
ray bands, which corresponds to contribution of emission 
of gas-dust torus relatively emission of crown of accretion 
disk. The derived estimates of contribution of emission of 
components of giant sources reveal evolution effects at 
relations on redshift, linear size, age of examined sources. 

Keywords: Galaxies – Quasars – Radio sources: giants 
 

1. Introduction 
 
Before (Miroshnichenko, 2012a, 2012b, 2013, 2014, 

2015, 2016) we received estimates of the main physical 
parameters of quasars and galaxies with steep radio spec-
trum over the sample of sources from the UTR-2 catalogue 
at the decameter band. Note, that galaxies and quasars with 
steep low-frequency spectra have the great luminosity (by 
order of 1028 W/Hz·ster at the frequency 25 MHz) and very 
extended radio structure with linear size by order of 1 Mpc, 
and characteristic age by order of 100 million years. So, 
steep-spectrum radio sources are peculiar objects with giant 
radio structure. It is important to study relations of emission 
of their different structure components. 

 
2. Examination of emission relations of structure 

components 
 
It is known from the observation data, the emission of 

separate components of the structure of extragalactic 
sources, mainly, corresponds to certain frequency bands. 
For instance, the emission of source at low frequencies, in 
particular, at decametre band, characterizes the extended 
component of structure, radio lobes. At the same time, the 
emission of central part of object displays more brightly at 
the high radio frequencies. The emission of accretion disk 
of source’s active nucleus is presented, mainly at the optical 

band. At that the X-ray emission of source is connected 
with crown of accretion disk. The emission of gas-dust to-
rus surrounding accretion disk is observed at the infrared 
band, especially, at its near zone (near-IR). Examination of 
the relations of corresponding monochromatic luminosities 
of sources at different bands (from decametre to X-ray) 
allows estimate the comparative contribution of emission 
for structure components of sources. Note, that relation of 
flux densities of emission at different frequencies is identi-
cal to relation of corresponding monochromatic luminosi-
ties of a source. Also, it is important that relations of mono-
chromatic luminosities are independent from the Universe 
model. Hence, these parameters allow study objectively the 
evolution effects for considered sources. 

We consider that ratio of luminosities at 25 MHz and 
5000 MHz, lg(S25/S5000), corresponds to contribution of 
emission of radio lobes relatively emission of the central 
region of source. Further, we suppose that contribution of 
emission of radio lobes: i) relatively of accretion disk 
emission – is ratio of luminosities at decameter and optical 
bands, lg(S25/Sopt); ii) relatively of torus emission of 
source – is ratio of luminosities at decametre and infrared 
bands, lg(S25/SIR); iii) relatively of emission of accretion 
disk crown – is ratio of luminosities at decametre and X-
ray bands, lg(S25/SX). The pointed ratios are obtained for 
the sample of steep-spectrum sources to reveal evolution 
features of giant radio structures.  

Earlier, we have compiled the sample of steep-spectrum 
sources at two fields of UTR-2 catalogue of extragalactic 
sources with given selection criteria (the value of spectral 
index at decametre band is greater than 1, the flux density 
of emission at frequency 25 MHz is S25 > 10 Jy (Mirosh-
nichenko, 2012a, 2012b, 2013). Our sample contains 130 
galaxies and 91 quasars, including 78 galaxies and 55 
quasars with linear steep spectra (spectral type S), and 52 
galaxies and 36 quasars with steepness of their low-
frequency spectra after a break (spectral type C+). We 
consider ratios of luminosities lg(S25 / S5000), lg(S25 / Sopt), 
lg(S25 / SIR), lg(S25 / SX), lg(SIR / SX), determine relationship 
of these parameters on redshift z, linear size R, character-
istic age t. These relationships are examined in each sub-
sample of galaxies and quasars with steep radio spectrum: 
GS (galaxies with linear steep spectrum S), GC

+ (galaxies 
with break steep spectrum C+), QS (quasars with S spec-
trum), QC

+ (quasars with C+ spectrum). 
As it means from derived mean values of luminosity ra-

tios for extended radio lobes, these parameters are de-
pendent from the spectral type of sources (see Table 1). 
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Table 1. Mean value of luminosity ratios of different structure components of galaxies and quasars  
with steep radio spectra S and C+. 

 
  GS QS GC+ QC+ 

Ratio of emission 
of radio lobes and 
central region of 
source 

<lg(S25/S5000> 2.19 (+-0.05) 2.08 (+-0.08) 1.74 (+-0.05) 1.69 (+-0.08) 

Ratio of emission 
of radio lobes and 
accretion disk of 
source 

<lg(S25/Sopt> 5.64 (+-0.12) 5.33 (+-0.06) 5.15 (+-0.12) 5.00 (+-0.10) 

Ratio of emission 
of radio lobes and 
torus of source 

<lg(S25/SIR> 4.58 (+-0.17) 4.71 (+-0.14) 3.67 (+-0.19) 4.30 (+-0.11) 

Ratio of emission 
of radio lobes and 
accretion disk 
crown of source 

<lg(S25/SX> 9.03 (+-0.23) 8.45 (+-0.14) 7.89 (+-0.33) 7.78 (+-0.17) 

Ratio of emission 
of torus and accre-
tion disk crown of 
source 

<lg(SIR/SX> 4.53 (+-0.36) 3.73 (+-0.18) 4.68 (+-0.47) 3.54 (+-0.20) 

 
For example, values of ratios <lg(S25 / S5000)>, 

<lg(S25 / Sopt)>, <lg(S25 / SIR)>, <lg(S25 / SX)> are greater for 
objects GS and QC, then corresponding values for objects 
GC

+ and QC
+. At ones we can conclude on greater contri-

bution of emission of radio lobes in galaxies and quasars 
with linear type of steep radio spectrum. At the same time 
as, galaxies and quasars with steep spectrum C+ may pos-
ses more essential torus emission and accretion disk emis-
sion. Also, one can see from the Table 1, the mean value 
of ratio of torus emission and accretion disk emission for 
galaxies of both spectral type (S and C+) exceeds analo-
gous value for quasars of both spectral types. This may 
indicate on more scaling, intensive tori in steep-spectrum 
galaxies in comparison with steep-spectrum quasars. 

To study evolution of emission of structure components 
of sources with steep spectra S and C+, it is important to 
examine corresponding relationships on redshift, linear 
size, characteristic age of sources. Emission of radio lobes 
relatively emission of central region of objects 
(lg(S25 / S5000)) has very weak positive trend in relationship 
on redshift and linear size in all four subsamples (GS , GC

+, 
QS , QC

+). Meanwhile, the trend of decrease of value 
lg(S25 / S5000) is observed in relationship on characteristic 
age. The relationship of emission ratio of radio lobes and 
accretion disk of sources (lg(S25 / Sopt)) on redshift z is fit-
ted by second power polynome for subsamples GS (with 
maximum at lg(1+z) = 0,43, that is, at z = 1,69) and GC

+ 
(with maximum at lg(1+z) = 0,28, that is, at z = 0,91) (see 
Figure 1, Figure 2). Maximum of these relationships may 
evidence on the activity recurrence of giant sources. Lin-
ear trend of increase of lg(S25 / Sopt) at increase of lg(1+z) 
is observed for subsamples of quasars QS and QC

+ (Figure 
1, Figure 2). At that, the positive trend in relationship 
lg(S25 / Sopt) on source linear size R is revealed for all types 
of objects in our sample (see, for example, Figure 3). 
Thus, the contribution of emission of radio lobes increases 

at increase of linear size of steep-spectrum source. At that 
time, the examined sources display negative trend in rela-
tionship lg(S25 / Sopt) on characteristic age, that testifies on 
more intensive gas-dust torus in more old giant sources. 
This conclusion is confirmed by smaller mean value 
<lg(S25 / SIR)> for GC

+ and QC
+ in comparison with analo-

gous values for GS and QS (see Table 1). 
Examination of mutual relationship for ratios of emis-

sion of two structure components of sample sources – 
contribution of emission of radio lobes relatively accretion 
disk emission and contribution of emission of radio lobes 
relatively torus emission – displays positive correlation of 
these parameters as well as evolution sequence of giant 
radio sources with steep spectrum. As one can see from 
Figure 4, galaxies and quasars with linear steep spectrum 
(S) cover region of more essential contribution of emis-
sion of radio lobes. On the other side, galaxies and quasars 
with steep spectrum C+ correspond to region of smaller 
parameters of given structure components (see Figure 4). 
This peculiarity may be due to more intensive radiation of 
tori and accretion disks in objects with steep spectrum C+. 

It is important to consider emission of spatially close 
structure components in source–torus emission relatively 
emission of accretion disk crown (lg(SIR / SX)). Decrease of 
value lg(SIR / SX) at increase z for sample sources is found 
in relationship of this parameter on redshift z. Probably, 
the X-ray emission of accretion disk crown is more inten-
sive for early cosmological epochs. 

It is interesting, that relationship lg(SIR / SX) on linear 
size of source R has the form of two branches (see Figure 
5). Also, relationship lg(SIR / SX) on R for GC

+ and QC
+ has 

the form of two branches, but more spread (Figure 6). 
Such evolution form of lg(SIR / SX) relatively linear size 
may indicate on activity recurrence of objects with giant 
radio structure. 
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Figure 1: Ratio of emission of radio lobes and accretion 
disk versus redshift for galaxies and quasars with linear 
steep spectrum (fitting by second power polynome for GS 
is marked by line) 
 

  
Figure 2: Ratio of emission of radio lobes and accretion 
disk versus redshift for galaxies and quasars with break 
steep spectrum (fitting by second power polynome for GC+ 
is marked by line) 
 

 
Figure 3: Ratio of emission of radio lobes and accretion 
disk versus linear size for galaxies and quasars with linear 
steep spectrum 

 

 
Figure 4: Ratio of emission of radio lobes and accretion 
disk versus ratio of emission of radio lobes and torus for 
galaxies and quasars with steep spectra S and C+ 
(evolution sequence) 
 

 
Figure 5: Ratio of emission of torus and accretion disk 
crown versus linear size for galaxies and quasars with 
linear steep spectrum 
 

 
Figure 6: Ratio of emission of torus and accretion disk 
crown versus linear size for galaxies and quasars with 
break steep spectrum 
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Figure 7: Ratio of emission of torus and accretion disk 
crown versus characteristic age for galaxies and quasars 
with steep spectra S and C+ 

 
 
 
The relationship of value lg(SIR / SX) on characteristic 

age of sources t is notable (Figure 7). Sample objects of 
spectral type C+ (GC

+ and QC
+) cover region of greater 

ages in comparison with objects of spectral type S (GS and 
QS) (see Figure 7). Radio sources with spectral type C+ 
have, in average, characteristics age greater near one or-
der, than analogous value for sources with linear steep 
spectrum S in our sample (Miroshnichenko, 2013). So, 
giant sources with steep spectrum C+ may show more sig-
nificant evolution effects in their structure components. 

 

3. Conclusions 
 

 The comparative contribution of emission of structure 
components of sources is estimated for steep-spectrum 
galaxies and quasars from UTR-2 catalogue. This allows 
us to study the evolution effects of giant steep-spectrum 
radio sources. Main results of this study are next: 

- Contribution of extended component (radio lobes) 
increases at the increasing of linear sizes of sources. 

- Ratio of torus emission and disk crown of sources 
reveals two branches of evolution versus linear size 
and age of objects, indicating on the activity recur-
rence of nuclei of giant steep-spectrum sources. 

- Galaxies and quasars with steep radio spectrum C+, 
having great characteristic age, display greater con-
tribution of torus emission than objects with spec-
trum S. 

 -   The evolution sequence is obtained for galaxies and 
quasars with steep radio spectra S and C+. 
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ABSTRACT. The brightness temperatures of radio 
emission were measured with the UTR-2 low-frequency 
radio telescope at frequencies 12.6, 14.7, 16.7, 20 and 25 
MHz for the following Galaxy regions: the North Pole, the 
area of minimum radio brightness and the anticenter 
region. The brightness temperature spectrums of the 
galactic background radiation were constructed for the 
selected areas using the data at other different 
wavelengths. The brightness temperature spectral indices 
were determined for these areas at wavelengths ranging 
from meter to decameter. 

 
Keywords: Galaxy: structure – radio continuum – 
spectral index: ISM – radiation mechanisms: non-thermal   
 

 
1. Introduction 
 
Large amount of  sky surveys in a wide radio frequency 

range (see for example, Haslam et al., 1981; Roger et al., 
1999; Wielebinski, 2004) showed that the radio emission 
is concentrated in the galactic plane with a maximum near 
the Galactic center and is extended up to high galactic 
latitudes, where demonstrates a sufficiently high intensity, 
especially at low frequencies. If not taking into account 
the ‘spurs’ and loops , the radio emission of the Galaxy 
can be divided into two components - the disk and the 
halo ones, symmetric with respect to the galactic plane. 
One can distinguish several specific areas of the galactic 
radio emission: the anticenter region, which characterizes 
the radiation of the Galaxy disk component, the areas of 
the minimum radiation and the Galactic poles, where the 
radio emission is mainly due to the Galaxy spherical halo. 
The knowledge of the radio emission spectral 
characteristics in these areas is extremely important for 
understanding the distribution and propagation of 
relativistic electrons and magnetic fields in the Galaxy. 

As known, the brightness temperature (T) frequency 
( ν ) dependency is   βννT ~ : where β is the spectral 
index. The spectra were constructed by Bridle (1967), 
Cane (1979), Guzman et al. (2011) in these areas at 
different frequencies bands. Bridle (1967) has obtained 
the total background radiation spectral index β = 2.55 ± 
0.04 between 13.15 and 404 MHz for the Galaxy North 
Pole.  The same value of the total background average 

spectral index ( β = 2.55 ± 0.03) was obtained by Cane 
(1979) for the Galaxy poles at frequency range from 6 to 
100 MHz. Based on these results Cane (1979) has 
constructed the radio sky model consisting only of two 
components, one of which is the disc of the uniform 
emission and absorption and another is the extragalactic 
background. Guzmán et al. (2011) determined the 
following spectral indices of the galactic radio emission 
brightness temperature: in the anticenter region β  2.48 
between 10 and 1420 MHz; in the Northern sky minimum 
radio emission region β  2.41 at the same frequencies 
and for the Galaxy North Pole β  2.53 for frequencies 
between 2.3 and 1420 MHz. Guzmán et al. (2011) then 
used these results to evaluate and correct zero level offsets 
of the 408 MHz Haslam et al. (1981) and their all-sky 45 
MHz surveys. 

Here we present the constructed brightness temperature 
spectrum of the galactic radio emission at frequencies 
below 408MHz in the highlighted Galaxy regions, namely 
the anticenter region, the North Pole, and the Northern sky 
minimum radio brightness area. We used our Northern sky 
observational results at frequencies 12.6, 14.7, 16.7, 20 
and 25 MHz (Vasilenko et al., 2006) and from the 
literature for the spectral studies.  
 

2. The background spectrum of the Galaxy specific 
fields.  

 
The brightness temperature of the sky in studied areas 

was obtained at decameter wavelengths using the UTR-2 
radio telescope (Vasilenko et al., 2006). The angular 
resolution at frequencies 12.6, 14.7, 16.7, 20, and 25 MHz 
in the zenith direction is near 65 to 28respectively. Also 
we used the brightness temperatures of these regions at 
frequencies below 408 MHz from the Guzmán's list 
(2011). We added to analysis the brightness temperatures 
from Haslam et al. (1981), Roger et al. (1999), Guzmán et 
al. (2011). The Metagalaxy brightness temperature  νTM  
was excluded from the sky total temperature using the 
expression (see Guzmán et al. (2011), Appendix A):  

   MHz
ννTM log79.266.7log  . 

To study the spectral properties of the nonthermal radio 
emission at low frequencies we have limited to the 
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frequency range from 9 to 408 MHz. At frequencies 
below 9 MHz the observations were made with very low 
resolution and there is more pronounced absorption effect. 
We have analyzed the spectra at the following frequency 
bands: 9408 MHz, 9100 MHz and 945 MHz to search 
for changes in the spectral index with a decreasing 
frequency. Brightness temperature spectra for each 
selected field were constructed at the above frequency 
bands at two stages: a) first, excluding brightness 
temperatures at decameter waves, which were defined by 
us and b) then with these brightness temperatures taken 
into account. The spectra were fitted with the least squares 
method. Figures 1a), b), c) show the spectrum in the log-
log scale and fitted line for the three selected Galaxy 
regions in the frequency range 9100 MHz. As can be 
seen in this figures the brightness temperatures obtained 
by us and Roger, R. S. et al.(1999) are somewhat lower 
than the observed at similar frequencies, we assume that 
this is due to the telescopes low-resolution on which 
observations are made. The spectral indices of the galactic 
radio emission in the 9408 MHz range are greater than in 
the 9100 MHz range for all selected regions. The 
spectral indices taking into account our data, are less than 
without them in all these areas. The difference between 
spectral indices is greater for high-latitude regions - the 
North Pole and the minimum radiation area. The changes 
in the spectral index with a decreasing frequency may be 
due to changes of the spectrum of the extragalactic 
background with frequency. We show a significantly 
different Metagalaxy radiation spectrum with Mβ   2.41 
(Vasilenko et al., 2015) compared with Mβ   2.79 
Guzmán et al. (2011). The spectral indexes at frequencies 
between 9 and 45 have large errors than in other ranges. 
Spectral indices are shown in Table 1.  

 
Table 1. The spectral indexes of the galactic brightness 
temperature.  

Frequency 
band 

(MHz) 

 
9408 

 
9100 

 
945 

Аnticenter 2,480,04 2,440,03 2,350,14 
North Pole 2,560,03 2,450,06 2,680,10 
Min. North   2,510,09   2,370,09 2,40,15 

 
 
3. Conclusions 
 
Our spectral studies allow us to speak about existence 

of significant tendencies of change of the galactic radio 
emission spectral index with decreasing frequency. We 
assume that this may be due to changes in the spectrum of 
the extragalactic background. This work reveals the lack 
of ground-based high-resolution observations at low 
frequencies which does not allow identifying a possible 
break in the spectrum of the radio emission of the Galaxy 
in this frequency range. 

 
 

 
 

 
Figure 1: Brightness temperature spectra of the galactic 
radio emission and fitting of the line for three selected 
fields at frequency range 9100 MHz.  
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ABSTRACT. Decameter all-sky Survey has been run-

ning at UTR-2 radio telescope over the past few years, 
about 70% of observational data are processed. The Sur-
vey is aimed at searching for pulsars and transient sources. 
Present work shows results of processing aforementioned 
part of data in order to find transient sources. The process-
ing allowed detecting more than 500 signals. Distributions 
of the signals’ parameters (dispersion measures, galactic 
latitudes, “signal-to-noise-ratios” etc.) are obtained, which 
give reason to consider the vast majority of these pulses 
the signals from cosmic sources.  

Keywords: astronomical data bases: surveys – Galaxy: 
solar neighborhood – methods: data analysis  
 

1. Introduction 
 
Decameter survey of the Northern sky aimed at search-

ing for pulsars and sources of transient radio emission 
(Vasylieva, 2014), which is held at the world's largest 
UTR-2 radio telescope, is the first survey of its kind in 
such a low-frequency range. The main risk of the auto-
matic search (Vasylieva, 2013) for individual pulses (tran-
sient events) and their identification (determining the dis-
persion measure (DM), signal arrival directions, etc.) is a 
high probability of incorrect classification of the signals 
by their nature: signals from cosmic radio sources or inter-
ference of terrestrial origin.  

That’s why the routine for analysis and visualization of 
all data processing steps was developed at the next stage 
of “candidates” data processing and analysis (Zakharenko, 
2015). Also, the possibility of  Radio Frequency Interfer-
ence (RFI) mitigation parameters tuning, filtering of low- 
and high-frequency interference, changing DM with a 
0.002 pc/cc (parsec per cubic centimeter) step and some 
other are added to this routine. Despite the fact that each 
individual pulse cannot be unambiguously classified as 
interference or, vice versa, space radiation source, a large 
number of them allows to build a distribution on different 
parameters, such as DM, galactic latitude etc. Latter can 
be compared to the same characteristics of nearby pulsars, 
rotating radio transients (RRATs) or other types of neu-

tron stars, which can indirectly indicate that "candidates" 
belong either to cosmic radio sources or interference of 
terrestrial origin. 

In order to estimate the possibility of detecting a sig-
nificant number of pulsed sources of radio emission, the 
decameter census of known pulsars was held (Zak-
harenko, 2013). A very important result of this study was 
the confirmation of pulsar’s pulse broadening towards 
lower frequencies. Earlier (due to the small number of 
detected pulsars) this phenomenon was not well substanti-
ated in the decameter range. Figure 1 (bottom panel) 
shows the pulsar pulses broadening when the central fre-
quency of observations changes from 100 MHz to 25 
MHz. The amount of the broadening (top panel of the 
figure shows the extension of the radiation cone of pulsars 
for decameter waves compared to the meter ones) is 3.5 
times at its maximum, and 1.6-1.8 times on average. This 
implies that we can expect detection of normal, giant or an 
anomalously intense pulses of pulsars (Ulyanov, 2006; 
Ulyanov, 2007), pulses of RRATs and other neutron stars 
which are oriented such that they cannot be detected at 
higher frequencies. 

That is, considering the fact that neutron stars generate 
pulsed and transient radio emission, the number of tran-
sient signals can be much higher than that at high frequen-
cies, even at 100 MHz (LOFAR). 

The results of processing of approximately 70% of the 
Survey data and verification of nearly 1,000 "candidates" 
– individual pulses with the DMs which differ from the 
DMs of pulsars detected at the first stage – are presented 
in the present work. Thanks to the refining the dispersion 
measure, “signal-to-noise-ratio” (SNR) and pulse dura-
tions were refined. Section 2 describes the routine for pro-
cessing the “candidates” data and the typical results of its 
work. Section 3 shows the distributions of various pa-
rameters of the “candidates”. The final section provides 
the discussion of the results obtained after processing 
about 70% of the Survey data and suggests the direction 
of improving the processing routines and the further stag-
es of data analysis. 
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Figure 1: Top panel shows the extension of radiation cone 
at decameter waves compared to meter waves. The thick 
curve shows the number of known pulsars in the range of 
dispersion measures with 10 pc/cc step (Manchester, 
2005).We consider that the extension will provide an op-
portunity to detect the pulsars, which aren’t visible at 
higher frequencies (yellow rectangles). Bottom panel 
shows increasing of the «beaming fraction» (fraction of 
the period occupied by pulse or "opening" of the radiation 
cone) by 1.5-3 times (Relative expansion of the FWHM 
profile between frequencies 25 and 100 MHz as a function 
of period (Zakharenko, 2013, Fig. 11)). 
 

 
2. Data Processing 
 
The developed routine for transient signals analysis 

(Zakharenko, 2015) allowed to carry out the processing of 
each “candidate” out of about 1000. During the verifica-
tion, the part of observational data which contains the 
supposed event is reprocessed by varying parameters of 
RFI mitigation, DM values etc. in order to obtain the max-
imum SNR of the transient signal. All these steps are vis-
ualized (displayed as a 2-dimensional spectrogram or in-
tegrated versus frequency and time). In addition the signal 
should satisfy the following criteria:  

– to have a wide band (a few MHz); 
– to be sufficiently homogeneous (without explicit nar-

rowband or short spikes); 
– to be present mostly in RFI-free frequency channels (in 

case of a significant number of polluted areas on the spec-
trogram, usually in a frequency range below 24 MHz). 

 
Figure 2: RFI which is identified by means of our develo-
ped verification routine and using the criteria set (see text). 

 
 
Moreover, some RFI are repetitive. Individual pulses 

may appear relatively broadband. Such RFI must be ana-
lyzed using a toolkit for periodic signal analysis that is a 
part of the "candidates" analysis routine. If a sequence of 
pulses is found, usually the pulsar pulses can be distin-
guished from repetitive interference exactly by the broad 
band of their emission. 

Such criteria cannot be programmed for automatic pro-
cessing; therefore visual inspection with checking all the 
re-processing stages is used for "candidates” selection. 

Examples of the obvious interference signals have been 
shown in earlier works (Vasylieva, 2014; Zakharenko, 2015). 

Example of RFI which has been identified using the 
above-mentioned criteria are presented in Fig. 2. 

 
3. Results 
 
Currently, almost all observation sessions of the Survey 

have been carried out (Fig. 3). Fig. 4 shows the current 
status of the data processing (detected and verified signals 
are mapped there). 
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Figure 3: Current status of observations. 
 

 
Figure 4: Transient signals at the sky map (about 70% of 
data are processed), verified by the developed routine. 
 

 
 

Figure 5: Presumably transient signal with DM = 3.676 
pc/cc (left panel) and individual pulse of PSR B1508+55 
(right panel) with DM = 19.6 pc/cc. 

 
 
An example of "candidate" which with high probability is 

a pulse from the source of cosmic transient radio emission 
is shown in Fig. 5 in comparison with a pulse of a powerful 
well-known pulsar B1508+55. More broadband peaks (left 
panel, "highlighted" part of the spectrogram) are typical of 
the signals with a lower DM (Ulyanov, 2006). 

Although it is impossible to claim doubtless classification 
of "candidates" (RFI / cosmic signal), we, nevertheless, can 
analyze distributions of certain properties of the detected 
signals. In the paper (Zakharenko, 2015) we presented dis-
tributions of DMs and galactic latitudes (b) of some number 
of processed “candidates”. Now, having more candidates, 
we can add distributions of other properties. 

 
 

 
 
Figure 6: Distribution of detected pulses by SNR (bottom 
panel) and the distribution law of anomalously intense 
pulses of PSR B0809+74 by the energy (top panel, thin line 
– at the longitude of pulsar’s average profile, where the 
radiation is absent, the other (bold) curves – at different 
longitudes around the maximum of the average profile). 
 

 
The distribution of “signal-to-noise” ratio (SNR). We 

obtain this parameter after tuning (by means of the afore-
mentioned analysis routine), mainly of the DM parameter 
with a 0.002 pc/cc step for each of the detected events. 
This is necessary, because the step 0.01 pc/cc (which is 
used during the primary pipeline processing) is quite 
rough. Fig. 6 (bottom panel) shows the distribution of 
pulses by the SNR parameter. The top panel of the figure 
shows the integral distribution law of energies of anoma-
lously intense pulses of the pulsar B0809+74 (Ulyanov, 
2012) at different longitudes of average pulse profile. The 
similarity of the most intense ejections (bold curves) on 
the top panel and distributions of SNRs of the detected 
transients, which both obey the power law, is obvious. 
 

The distribution of the frequency of transient occur-
rence by the local time (LT). The observations of the sur-
vey are carried out mostly from 18:00 LT to 6:00 LT with 
a half-hour additional overlap. Fig. 7 shows the distribu-
tion of the number of detected "candidates" depending on 
the local time (bottom panel). To observe one full sky 
“strip” in right ascension (24 hours), two observation ses-
sions of the same declination are required, with a six 
months shift. The maximum similarity in terms of the RFI 
environment is thus for observations carried out near the 
days of spring and autumn equinoxes. In the ideal case of 
no RFI influence on the number of detected signals, it 
would be natural to assume the equiprobable appearance 
of transients independently of the observation time. But by 
analyzing (Fig. 7, top panel) the start and finish time of 
the corresponding observation “strips”, it proves that co-
incidentally  the  beginning  and  the  end of most strips of  
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Figure 7: Bottom panel: the number of detected individual 
pulses depending on the observation time. Observation 
sessions began at 18:00 LT. Some sessions started in the 
range from 15:00 to 21:00 LT. 
Top panel: current status of data processing, blue regions 
of the map indicate processed parts of the sky recordings.  
 

 
fully or partly processed data (blue part) correspond to 
low galactic latitudes, where a maximum number of neu-
trons stars should be observed. So the maximum for the 
first two hours of observation and a slight increase of the 
number of "candidates" to the end of the 12-hour sessions 
can be caused both by the effect of unidentified RFI 
(which is more numerous in the daytime than at night), 
and the real distribution of cosmic sources of transient 
radio emission. 

Two other distributions (of candidates’ dispersion 
measures and galactic latitudes) have already been given 
based on a more limited dataset (about 30% of the Survey) 
in the paper (Zakharenko, 2015). In this paper we cleaned 
the set of “candidates” used previously from a few obvi-
ous interference and added the next part of the processed 
data (for now it is about 70% of the Survey). 

Distribution of candidates’ DMs is presented in the bot-
tom panel of Fig. 8. The top panel shows the simulated dis-
tribution of pulsars by DM that can be discovered using the 
radio telescope under construction – SKA (Keane, 2015) 
based on the population synthesis and characteristic pa-
rameters of known pulsars (clear bars: strip 350-14000 
MHz, gray ones: 50-350 MHz). At low DMs, the distance 
from the observer, the corresponding space volume, and the 
number of sources in it increase. Then due to scattering and 
weakening of the signal from more distant sources, the 
number of detectable sources starts to decrease. The same is 
true for our Survey (bottom panel of Fig. 8). 

 

 
Figure 8: Simulated histograms of DM of pulsars, ex-
pected to be observed with SKA Phase 1, for SKA1-LOW 
(gray bars) and SKA1-MID (clear bars) (top panel) and 
DM distribution of the detected transients (bottom panel).  

 

 
 

 
Figure 9: Galactic latitude distributions of known pulsars 
(top panel) (Manchester, 2005) and of detected transient 
signals (bottom panel). 
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Distribution of candidates’ galactic latitudes (Fig. 9) 
also has characteristic features, which can be expected of 
close neutron stars’ distributions. The lower panel shows 
the distribution of "candidates" in our Survey, the upper 
panel – distribution of nearby pulsars with DM under 30 
pc/cc and period more than 0.1 seconds. Both distributions 
have a maximum close to zero galactic latitude. 

Remarkably, both distributions have intrinsic maxima 
around minus and plus 50 degrees. The data cleaning us-
ing the developed routines and processing of the next part 
of data caused the noticeable changes of this distribution 
compared with (Zakharenko, 2015, Fig. 3a). The maxi-
mum at -50º latitude decreased by 40% and became 
smaller than the broad maximum between 0 and 60 de-
grees. This feature of the distribution of the closest neu-
tron stars has to be explored in future. 
 

4. Conclusions and Prospects 
 
Thus, it becomes clear that pulsars/transients decameter 

survey of the Northern sky has some unique features and 
during its conducting we succeeded to detect a sufficiently 
large number of individual pulses. 

Such a result is influenced by the peculiarities of the 
low-frequency range, which have both negative and posi-
tive aspects:  

– wide beam of the telescope does not allow to define 
the coordinates with high accuracy, however the large 
field of view can captures a large number of simultaneous 
events; 

– large dispersion delay complicates data processing, 
but allows to distinguish accurately the interference and 
space signals with different dispersion measures; 

– scattering in the propagation medium (along with the 
radiation cone broadening, which is characteristic of dif-
ferent types of NS) also increase probability of individual 
pulse detection.  

All these features allowed detecting a relatively large 
number of sources, than it would be possible at high fre-
quencies.  

Currently, we are improving methods for identifying 
weaker and weaker interference and continue processing 
the remaining 30% of the data. 
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ABSTRACT. The substantial arguments of strong con-

nection between shock wave speed and drift velocity of II 

type radio bursts in 25-180 MHz range are presented. The 

studied sample has included 112 proton events that were 

accompanied with coronal shock waves. To evaluate drift 

velocity and  shock wave speed  there was used original 

records of dynamic spectra from radio spectrograph in 25-

180 MHz range. The velocities of shock waves were eval-

uated with the power mode model of solar corona density 

falloff. 

Keywords: drift velocity, shock wave, II type radio bursts 

1. Introduction 

 

Urgency of the study of the shock waves is straight con-

nected with the decision of the problem of the acceleration 

of solar cosmic rays  (Tsap et al., 2012; Tsap et al., 2013). 

The most reliable indicator of the shock waves are  II type 

radio bursts. It is known that for their generation is respon-

sible the plasma mechanism of radio radiation  (Cairns, et 

al., 2003). It is considered that meter range bursts of II type 

are connected with shock waves, appearing in flares  (Wag-

ner et al., 1983; Vrsnak et al., 1995), but bursts in decame-

ter-hectometer range are connected with propagation the 

interplanetary shock waves, generated by CME  (Classen et 

al., 2002; Gopalswamy et al., 1998). 

Earlier in work (Galanin et al., 2015)  it was shown that 

there is a fairly strong relationship between the drift veloc-

ity and shock wave speed calculated using Newkirk model 

(Newkirk, 1961). The Newkirk model is often used for 

finding of electron density in active area of the solar coro-

na. However, Newkirk model has some restrictions. First, 

value of electron density when the height of the source R 

are equal to Sun radius Sun R R  cannot be more than 

1.7× 10
9
 sm

–3
.  Secondly, this model gives an averaged 

distribution of density for active area when distribution of 

density can greatly differ for miscellaneous events.  The 

model with exponential density falloff, just allows finding 

distribution of density for each concrete event that allows 

obtaining the best coincidence to theoretical model with 

observations. In this connection we researched the rela-

tionship between  the drift velocity and  shock wave speed 

compute by means of exponential model of density falloff 

in solar corona.  

2. Raw data, methods of the processing and results 

of     the study 

 

For study the relationship between   the   shock wave 

speed  and  drift velocity  bursts of  II type were used the 

original record dynamic spectrum, got on radio spectrograph 

SRS (Solar Radio Spectrograph) within the range of  25-180 

MHz (http://www.ngdc.noaa.gov/stp/space-weather/solar-

data/solar-features/solar-radio/rstn-spectral/)  figure 1. 

An example of dynamic spectrum of the radio burst of II type 

of the event 31.05.2003 is showed on figure 1.  As it is seen, 

it is possible to select two bands, corresponding to main and 

the second harmonica. They are enough well approximated 

by functions of the type (1) (the light lines on figure 1).  

   or        (1) , 

where  ti – time, corresponding to maximum intensity of 

the hits II type on frequency fij, j and f0j – a coefficients to 

linear regression, i=1, 2…n – a number counting out, 

j=1,2 – a number of the harmonica. The zero-point count-

ing out time for all events corresponded to the beginning 

of the first harmonica on frequency 180 MHZ.  

The main frequency plasma radiation  fi1  is proportion-

al to electron density 
1i

N (2).   

2

31

1 1
8.98 10i

i i

e

e N
f N МГ

m
   ц  (2) 

So, using empirical dependence of the frequency from 

time fi (1) and approaching model of coronal electron den-

sity Ni (3), it is possible to calculate the distance Ri (4) of 

the front of the shock wave.    

 

 
Figure 1: Dynamic spectrum of radio burst of II type of 

the proton event 31-05-2003 
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where N0 and Ni – initial and the current values of electron 

density, Ri – a distance of the shock wave front in Sun 

corona at moment of  time ti , δ – a exponent of  density 

falloff.  From expression (4) it is seen that to define the 

distance Ri  it is necessary to find δ.  Since for given mo-

ment of time ti corresponds the definite value of the dis-

tance Ri and electron density Ni, then dependencies of 

density falloff  N0/Ni from distance and from time must be 

alike. From observations, is possible to find the depend-

ence of the concentration falloff from time.  So, knowing 

dependence of  the frequency from time (1) from expres-

sion (2), it is possible to define the concentration  Ni (5), 

and, consequently, the dependence of the concentrations 

falloff from time ti (6).  

                       (5) 

    or       (6) 

where N0  and  – a coefficients to linear regression (6). 

    Using expression (4), as well as approximation of the 

distance Ri for event of the propagation the strong shock 

wave in ambience with exponential density falloff 

(Grechnev et. al., 2008) in the manner of  

 , 

it is possible to find δ, where h0 – a scale of the distances in 

Sun corona. The Parameters δ, N0  and h0 are selected so as 

compute values of the concentration from time to the best 

advantage corresponded to observed values of the concentra-

tion,  i.e.  . On figure 2 is shown dependence of the 

exponent of density falloff  δ from value of the exponent β.     

Thereby to define the distance Ri and δ, it is enough to 

know the dependence of the concentration  falloff  N0/Ni   

from time  . Knowing  δ  it is possible to find the dis tance  

  and to evaluate the velocity of the shock 

wave Ui at any time moment ti (7).  But  knowing the de-

pendence of the frequency fi from time  it is 

possible to define the drift velocity  Vi  (8). 

 ,                         (7) 

.                          (8) 

To more exactly evaluate the relationship between of 

the  shock wave speed Ui with the drift velocity Vi, were 

received dependencies Ui and Vi from time ti in the man-

ner of (9) and (10), accordingly. 

   or    

     or  ,     (10)  

where U0 , V0, υ and ν - a coefficients of  linear regression, 

U0 and V0 - initial values of the shock wave speed and  of 

the drift velocity, υ and ν - a exponents. Then, with expo-

nents υ and ν, it is possible to judge about change of the 

drift velocity  and  of the  shock wave speed in the course 

of time in frequency range 25-180 MHz  for all 112 proton 

events. Result of our study is presented on figures 3 and 4.  

 

 

 
Figure 2: Relationship between δ and   in exponential 

model of the density falloff 

 

 

 
Figure 3: The relationship between the speed of the shock 

wave and the drift velocity in Newkirk model 

 

 

 
 

Figure 4: The relationship between the speed of the shock 

wave and the drift velocity in exponential model. On X 

axis is the exponent of falloff of the drift velocity ν, on Y 

axis is the exponent of falloff of the  shock wave speed υ   
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On figure 3 and figure 4 is shown the relationship be-

tween of the drift velocity and of  the  shock wave speed 

for Newkirk model and exponent model of the  density 

falloff, accordingly. On X axis there is the exponent of the 

falloff of drift velocity, but on Y axis there is the exponent 

of the falloff of  the  shock wave speed.  Figure 4 shows 

that there is a sufficiently strong relation between the 

shock speed  and the drift velocity  in exponential 

model of the density falloff. However relationship of ve-

locity of the shock wave  at the drift velocity  in 

Newkirk  model vastly worse figure 3.  This is connected 

with that that Newkirk model gives averaged distribution 

of density in active area. While distribution of density can 

vastly differ from one event to another.   

 

Conclutions 

 

Comparative analysis showed that there is a fairly 

strong relationship between the drift velocity and the 

speed of the shock wave in the range of 25-180 MHz. 
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ABSTRACT. In the report the tools and methods of ob-
servations of radio recombination lines which are carried 
out at Institute of Radio Astronomy of the National Acad-
emy of Sciences of Ukraine using the world’s largest 
decameter radio telescope UTR-2 (arrays “South – North” 
and “East – West”) are described. The low-frequency ra-
dio recombination lines can be used as effective means of 
the low-density partially ionized interstellar medium diag-
nostic. However, low intensities of the lines and high level 
of interferences makes such investigations very difficult 
and impose high requirements to equipment. Observations 
are carried out with the 4096-channel digital correlometer 
and new generation digital spectral processors with 8192 
spectral channels. Currently, the systematic observations 
of radio recombination lines have been carried out in the 
directions of remnants of supernova stars, Galactic plane, 
nebulas and dust clouds. Experiments aimed to finding the 
redshifted line of neutral hydrogen HI which arises in the 
cosmological epochs of reionization in the range 8 – 32 
MHz are carried out. The carbon radio recombination 
lines have been detected in the direction of Cassiopeia A 
in the broad range of frequencies from 20 to 32 MHz. The 
carbon radio recombination line, corresponding to the 
transitions to atomic level with number of 1009 (these 
corresponds to the Bohr size of atom near 0,1 mm) have 
been registered. 

Keywords: Radio recombination lines: UTR-2 radio tele-
scope: spectral equipment: data processing 
 

1. Introduction 
 
Radio recombination lines (RRLs) are produced by 

transitions of recombining electrons between two atom 
levels in ionized gas. Their frequencies can be calculated 
using Rydberg’s formula: 

 
2 1 ,

           

e
n 2 2

a

m 1 1v cZ R
M n n n

 

 

(1) 

where c  is speed of light, Z is the nuclear charge of the 
ion, R is the Rydberg constant for the taken species, 

em and aM  are electron and nuclear mass, n  and n  are 
principal quantum number and its change respectively. 

The possibility of the RRLs observations was predicted 
by Kardashev in 1959. They were detected in 1963-1964 
by Sorochenko and Borodzich at 8.9 GHz ( n = 90) and by 

Dravskikh and Dravskikh at 5.7 GHz ( n = 104). A lot of 
high frequency RRLs has been observed towards classical 
hot HII regions. Also, for example, they have been de-
tected in planetary nebulae, external galaxies, and in some 
circumstellar envelopes (Gordon & Sorochenko, 2002). 

 
2. Detection of RRLs at Extremely Low Frequencies 
 
The first detection of carbon RRLs was made at high 

frequencies. After that they were observed in the direc-
tions of a number of HII regions simultaneously with cor-
responding Hn lines. As follow from the atomic physics 
the mechanism of the carbon line formation is similar to 
that of hydrogen lines.  

RRLs of high-excited interstellar carbon atoms opened 
in decameter range by means of radio telescope UTR-2 
about 40 years ago gave a new method of cold partially-
ionized plasma diagnostic. High-precision determination 
of fundamental parameters of the medium – temperature, 
density, pressure, ionization rate, movements, mechanisms 
of ionization and recombination and other became possi-
ble (Konovalenko & Sodin, 1980; Konovalenko & Sodin, 
1981). Detection of largest bound Rydberg atoms states up 
to levels of the main quantum numbers 1009 in the range 
10-30 MHz is important not only for an astrophysics, but 
also for physical science as a whole (Stepkin et al., 2007). 

 
3. Equipment for Low-Frequency Radio Spectro-

scopic Observations 
 
The radio telescope UTR-2, the world’s biggest deca-

meter wavelengths radio telescope (situated near Kharkiv, 
Ukraine), remains to the most efficient for radio spectros-
copy investigations owing to a set of its merit (Braude et 
al., 1978). UTR-2 is a T-shaped antenna which consists of 
2040 “fat” dipoles. It has an effective area of about 
140000 m , the angular resolution is high for a telescope 
of the decameter range (~30 at 25 MHz). The telescope 
has an electronic beam steering which can track up to 
±70° from zenith. 

 
3.1. Digital autocorrelometer 
 
Spectral lines at decameter range have very low relative 

power      L Cs v T T s . It creates certain difficul-
ties for their search and research. The strictest requirements  
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Figure 1: Appearance of 4096-channel autocorrelometer 
which used at observations in UTR-2 
 

 
Frequency, MHz 

Figure 2: Spectrum obtained in the direction of Cas A 
with UTR-2 using autocorrelometer 

 
are imposed to sensitivity of the radio spectrometer (not 
worse than 0.01%) in case of very big time of averaging. In 
this connection it is most suitable spectrum analyzer based 
on the digital sign correlometer, wherein the correlation 
function is determined first and then the power spectral 
density is determined by it. Similar multi-channel analyzers 
possess high stability of the operation peculiar to single-
channel devices, in case of almost unlimited time of obser-
vations. Differing in simplicity of the construction con-
nected to extremely small number of levels of quantization, 
such analyzers are very safe and easy-to-work. Bulky op-
erations of Fourier transform can be executed once at the 
end of observations. Now on observatory of UTR-2 it is 
used 4096-channel correlometer (see Figure 1). 

Figure 2 shows the resulting spectrum measured in the 
direction of Cassiopeia A (Cas A) in the frequency band 
around 26 MHz with UTR-2 and 4096-channel autocorre-
lometer, integration time is 504 hours. 

 
3.2. Digital spectral processors  
 
 In recent years with the progress of digital and com-

puter technologies made possible the creation and applica-
tion of multi-bit wide-band digital receivers (Konovalenko 
et al., 2016). Figure 3 shows control center of UTR-2 ob-
servatory, DSPZ-receivers (Digital Spectro-Polarimeter Z-
type) are assembled within standard desktop PC cases. 

The digital receiver can operate in three qualitatively 
different regimes: waveform, full power and correlation 
mode. The modes are mutually exclusive. For radio spec-
troscopic observations correlation mode is typically used. 
In this mode two input signals are converted into a single 
output, the value of coherence between the two input sig-
nals (Ryabov et al., 2010). 

 
Figure 3: The UTR-2 control center with new-generation 
back-end facilities 
 

 
Frequency, MHz 

Figure 4: Carbon RRLs towards Cas A measured with the 
North-south arm of the UTR-2 array (using DSPZ) 
 

 
Figure 4 shows the spectrum measures at UTR-2 using 

DSPZ in the direction of Cas A in the range 20-30 MHz. 
Clearly visible absorption lines in a series of about 100. 

 
4. Methodology of Data Processing and Interpretation 
 
After the observations were carried out observational 

data must be properly processed for their subsequent in-
terpretation. 

 
4.1. Doppler shift determination 
 
The only ultimate criterion of the natural origin of the 

spectral lines in the decameter range is determination of 
Doppler shift of the spectral line frequency due to the or-
bital rotation of the Earth: 

0 1 ,xv
f f

c
   
 

 (2) 

where f  is observed frequency, 0f  is the central fre-
quency of generation, c  is speed of light, and xv  is the 
speed of the line of sight. 

If the source of monochromatic radiation is a subject that 
is far enough away from the Sun, the frequency of the line 
will change due to periodic changes in the Earth’s velocity 
component directed to the object, due to the annual motion 
of the Earth around the Sun. This criterion is often used in 
radio astronomy for observations of pulsars and spectral 
lines. The maximum value of the Doppler shift plays the 
pipe in the directions lying in the plane of the ecliptic. At a 
frequency of 25 MHz, the assumption of a circular orbit 
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Earth at a linear speed of about ~30 /km s camping maxi-
mum velocity differences (frequency) at times separated by 
an interval of 6 months, is 5.8 kHz. 

 
4.2. Interference reduction 
 
Usually spectroscopic observations at UTR-2 are car-

ried out using four minute frames, which are stored in 
computer.  

In order to remove hindering signal from processed 
spectrum we subtract from measured autocorrelation func-
tion a model of interference. It described by 

 
 

 02
1

2 1exp cos 2 ,
2ln2 dd

A iR i f f
r f

f
f

i


       
    


 

 

(3) 

where  R i  is the autocorrelation function of hindering 
signal, A  is the amplitude of hindering signal, 1r  is the 
autocorrelation function point number, f  is the band-
width of hindering signal, df  and 0f  are the sampling 
frequency and the frequency of the local oscillator respec-
tively. 
 

5. Experiment to Detect 21-cm Cosmological Line 
Using UTR-2 

 
The great interest in the scientific world is caused by 

radio astronomical investigations of physical processes 
taken place in the distant cosmological epochs. At least 
three distant epochs have been identified which have cor-
responding spectral windows for the redshifted HI signal 
(Peters et al., 2011): 

1. The Dark Ages: 100 < z < 30 (15 MHz < ν < 50 
MHz); 

2. First star formation: 30 < z < 15 (50 MHz < ν < 90 
MHz); 

3. Epoch of Reionization: 15 < z < 7 (90 MHz < ν < 
200 MHz). 

For the use of the radio telescope UTR-2 and new gen-
eration radio telescope GURT (Konovalenko et al., 2016) 
these epochs are of particular interest. 

Observations began to be conducted from January 
2015. Search the spectral lines in the observational data 
obtained during the daytime, it is possible only o rela-
tively narrow frequency band. The different interfering 
signals will not only pose a significant challenge to detect 
this effect, but also RRLs arising in the interstellar me-
dium in our epoch. 

 

6. Conclusions 
 
Observations of low-frequency RRLs are promising 

means of the tenuous ISM diagnostics. Improvement of 
the existing low-frequency radio telescopes, spectral ana-
lyzers and methods of observation as well as the creation 
of new tools will open new opportunities in space plasma 
spectroscopy. Long-term successful observations with 
Ukrainian radio telescope UTR-2 gave new information 
about fundamental properties of the interstellar medium. 
Presently investigations of low-frequency RRLs with 
UTR-2 are continuing for many galactic objects and data 
processing is progressing. It is clear that RRLs studies will 
be important part of the scientific programs of new gen-
eration and future giant low-frequency instruments such as 
GURT, LOFAR, SKA, LRA. 
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ABSTRACT. Since the work of a unique space radio
telescope in the international VLBI project ”Radioas-
tron” extended to 2017 the transmission and storage
of large volumes of scientific and telemetry data ob-
tained during the experiments is still remains actual.
This project is carried out by the Astro Space Center
of Lebedev Physical Institute in Moscow, Russia. It re-
quires us to maintain in operating state the high-speed
link to merge into a single LAN buffer data center in
Puschino and scientific information center in Moscow.
Still relevant the chanal equipment monitoring system,
and storage systems, as well as the timely replacement
of hardware and software upgrades, backups, and doc-
umentation of the network infrastructure.

Keywords: Radioastron: monitoring: telecommu-
nications.

1. Introduction

The spacecraft radiotelescope ground support is car-
ried out by tracking stations. One of which is located
in the Pushchino Radioastronomical Observatory. The
dataflow of scientific data and telemetry information
received by servers of tracking station can reach 128
Mbit/s speed. The direct communication channel
witch capacity of 1 Gbit/s established for efficient data
exchange. The buffer data-center created for network
communication and file storage accomodation. The
reliability of the channel (Fig. 1) is highly dependent
on continuous monitoring of network and server
equipment and communication lines. An important
prerequisite for the smooth operation of the channel
and the equipment to minimize downtime is monitor-
ing 24x7x365. Monitoring involves the collection of
system messages, access control, telemetry of network
devices, availability of power and power consumption,
temperature control in the equipment rack, as well as
information about changes in the network traffic.

2. Monitoring system

As the monitoring system we still use well-proven
over several years Zabbix system which provides avail-
ability and SLA reporting, collection of any data and
great graphs and network maps. Zabbix is updated
now to version 3.2, which has improved functional-
ity and increased performance when working with a
database for storing the changes history in various pa-
rameters of the ”Radioastron” transmission channel
equipment and servers.

Figure 1: Radioastron data chanells.

This monitoring system collects data on the perfor-
mance and availability of servers, LAN and polls active
network equipment by snmp. The monitoring system
is installed on two servers, one of which is the virtual -
is itself Zabbix server, database Postgress and Lighttpd
web server. Zabbix proxy server with database Sqlite
is installed on a dedicated physical server It aggregates
monitoring data collected from the network equipment
via SNMP and ICMP protocols. Zabbix uses post-
gres 9.5 database to store the history of events and

190 Odessa Astronomical Publications, vol. 29 (2016)

DOI: http://dx.doi.org/10.18524/1810-4215.2016.29.85214 



Figure 2: Graphs of channel loading.

data for graphs construction of the changing parame-
ters. Every monitoring systems settings are made via
web-interface. Monitoring system collects information
about the status of the main switch interfaces, loading
them (Fig. 2) and the resulting errors.

Zabbix agent is installed on the buffer storage
server and sends data about status and utilization
of its resources sach as filling of hard disks space, as
well as the status of the disks themselves, memory
and cpu usage, cpu temperature (Fig. 3). Part of
the equipment is monitored using the icmp ping and
simple checks to identify delays and packet loss in
data transmission channel. And the main features
of monitoring system is alerts engineers when a fault
occurs and storage of events history in DB.

3. Conclusion

The work of unique Russian space radio observatory
in international space VLBI project ”RadioAstron” ex-
tended until the end of 2017. Therefore, management
and monitoring of communication channels between
the tracking station in Pushchino and treatment cen-
ters in Moscow for the transmission of scientific and
telemetry data is still relevant and necessary. The re-
liability of communication channels is highly depen-
dent from continuous monitoring and scheduled main-
tenance of network, server equipment and optical com-
munication lines.

Failsafe operation of the communication channel is
especially relevant for the space telescope. For exam-

Figure 3: Graphs of storage server cpu, memory and
network interface usage.

ple, uninterrupted reception of telemetry data allows

of its orbit and receive important information about
the performance of the onboard equipment. The suc-
cess of the scientific experiments directly related to the
reliability of the transmission of scientific data. This
requires solutions that can automatically detect and
respond to threats and channel performance issues in
real time, as well as predict possible issues in the fu-
ture. Monitoring system gives us the opportunity to
have the right information about data transmission at
the right time.
The average data rate of the channel is typically

300-400 Gbit/s. Every day about 50 to 300 GB of
unique information about the structure and evolution
of various astrophysical objects (quasars, pulsars and
black holes) is transmitted through the channel. The
same amount of data backed up in the PRAO ASC
LPI buffer data storage. The project plans to connect
the new link speed 10 Tbit/s to reduce the transmis-
sion time. And we are currently performing the new
channel testing and selection of appropriate equipment.
The 1 Gbit/s old channel, we plan to use as a backup
in the future.
The monitoring system over the past two years, al-

lows us quickly resolved emergency situations caused
by the power failure and failures of the network equip-
ment, and cooling system of the buffer data center, as
well as identify the causes of failures of channel associ-
ated with the failure of the individual switching devices
and optical modules. We were promptly detected and
eliminated two cases of the optical lines damage, allow-
ing to minimize the idle time of the channel work. Mon-

specialists to take further decisions on the correction

itoring of disks in buffer storage allows us for timely
replacement of failed drives, that would prevent the
destruction of RAID-array and prevent permanent loss
of scientific data.
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ABSTRACT. Currently representation of solar cycles 
on average monthly data and smoothed values on various 
indexes from the full solar disk is generally accepted.  
Such representation creates an illusion of monotone 
change and perceptions of simultaneity of manifestations 
of solar activity for all  solar disc. At the same time, daily 
monitoring data reveal the presence of discrete properties 
of manifestations of solar cycle. They are associated with 
absence of spots on the Sun in the northern and southern 
hemispheres at different intervals. This phenomenon is 
defined as anti-cycle of solar activity. Properties of 
discreteness of anti-cycles are presented in this paper on 
"spotless days’ periods". On their basis the appropriate 
monthly and annual data was received. The basic 
characteristics of the manifestations of the discreteness of 
activity anti-cycles had been determined. It noted the 
«switch  effect» of the existence of the solar dynamo. It 
manifests itself in the rapid transition from a regime of 
«spotless days» to the regime of continuous generation. 

 
1.  Introduction 
 
The representation of the solar cycles is limited by the data 

of monthly values of various indexes and their annual 
smoothed values. On their basis, all the main indicators of the 
solar cycle (data minimuma, phase rise to maximum, data 
maximuma, phase decline to minimum and data minimuma 
next cycle) (Hathaway, 2010). These data make an 
impression of continuity of the action of the solar dynamo for 
generating the magnetic fields which define the appearance 
of sunspots. This is clearly seen in the current views of the 
solar cycle (http://www.swpc.noaa.gov/products/solar-cycle-
progression). 

  More significant is the physical examination of the 
data of daily observations W index and the average 
monthly  of sunspot groups of indexes – Sp showing the 
discrete nature of the manifestation of the solar cycle 
(Fig.1) and the difference between the northern and 
southern hemispheres (Fig. 2). 

Using Fourier filtering and wavelet analysis allows 
obtaining reliable data about the existence of maximums 
of solar cycles and all periods of their manifestations. 
Cycle maximums, their amplitudes and the period sets 
which form the activity cycle are different for the northern 
and southern hemispheres (Ryabov, 2013). 

Thus the problem of asymmetry N-S manifestation of 
the solar cycle can be solved on the basis of separate 
consideration of the activity of the northern and southern 
hemispheres of the Sun, taking into account the 

discreteness manifestations activity. Consider the 
observational basis for such an approach (Ryabov, 2015). 

 
2.  Observational data of anti- cycles activity  
 
Discrete properties are determined by the presence of 

the intermittent nature of the appearance and 
disappearance of groups of spots, which appear in all 
phases of the solar cycle. Periods of spots presence on the 
disk form the solar activity cycle. 

Periods of absence of sunspots groups can be defined as 
the existence of "anti-cycle" activity. The basic properties 
of the "anti-cycle" are defined according to the «spotless 
days» obtained in this work for the entire set of 
observations of sunspots areas of the Northern and Southern 
hemispheres for the period of 12-24 activity cycles. 

The data in the form of «spotless days» for each year is 
given for the entire solar disk (http://www.spaceweather.com). 
This view is not quite correct because it does not take into 
account the difference in the formation of the activity of the 
northern and southern hemispheres of the Sun. 

We have determined the annual and monthly indexes 
which characterize the properties of the "anti-cycles" of 
activity of the Northern and Southern hemispheres. It is 
defined as the ratio of the number of «spotless days» to 
the total duration of a year or a month in percentage. 

Thus the value '100' (upper graph scale) indicates the 
complete absence of spots in the time interval of a month 
or a year. A value of zero means the permanent presence 
of spot groups in the northern or southern hemispheres. 
Intermediate values show the interval of time "off" of 
solar dynamo for generating sunspots. 

In this representation, the discreteness index doesn’t 
contain any errors because the intervals of spot absence 
are determined in an obvious way. Dynamics of 12-24 
"anti-cycle" of the solar activity for the annual and 
monthly values is shown in Fig. 3-4. 

At minimuma  19 cycle (1964 year) of the Northern 
hemisphere anti-cycle showed a quick transition from the 
complete absence of spots (100%) to their continued 
existence (0%). At the same time the southern hemisphere 
anti-cycle demonstrates the quasi-periodic changes in the 
duration of time intervals of absence of sunspots   range of 
20-60% (Fig. 5). 

In the decay phase of cycle 19 (1962 year), the anti-
cycle of the Northern hemisphere demonstrates continued 
rise  of activity from 80% to 0% (June). 

Condition of low activity to 80% Northern hemisphere 
again comes in two months. 

SUN AND SOLAR SYSTEM 
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Figure 1: Daily values of the total area of sunspot groups- Sp of 23-24 cycles for the northern and southern hemispheres 
of the Sun. 
 
 
 

 
 
Figure 2: The average monthly Wolf  number for 23-24 North and South solar cycles. 
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Figure 3: The annual index changes of discreteness of "anti-cycles" of the Northern and Southern hemispheres of the 
Sun. 
 

 
 
Figure 4: Monthly changes in the discreteness index of "anti-cycles" of the Northern and Southern hemispheres of the 
Sun (For the data separation the discrete index of the southern hemisphere is indicated with conditional negative 
values). 
  
 

 
Figure 5: Anti-cycles Nothern and Southern solar activity 
in 1964 years (19 cycle). 

 
 

Figure 6: Anti-cycles Nothern and Southern solar activity 
in 1962 years (19 cycle – decline to minimum). 

 

194 Odessa Astronomical Publications, vol. 29 (2016)



 
 
Figure 7: Anti-cycles Nothern and Southern solar activity 
in 1966 years (20 cycle – rise to maximum) 

 

 
 
Figure 8: Anti-cycles Nothern and Southern solar activity 
in 1974 years (20 cycle – decline to minimum) 

 
 
At the same time the anti-cycle of the Southern 

Hemisphere showing minor deviations from the mode of 
existence of permanent exist sunspots (0% level) (Fig. 6). 

Changes to the anti-cycles of the northern and southern 
hemispheres of the Sun in some years and in different 
phases of the solar cycle. Demonstrates manifestation 
«switch effect» in the solar dynamo. It manifests itself in 
the rapid transition from a regime of prolonged absence of 
sunspots to the regime of continuous generation (Fig. 5, 
Fig. 7). 

In the rise  phase of the cycle 20 (1966 year) anti-
cycles of the Northern and Southern hemispheres show 
the same ratio as their activity in 1962 year (minimuma 19 
cycle) (Fig. 7). 

Condition activity Northern and Southern hemispheres 
of the Sun during the decline to minimum 20 cycle 
activity (1974 years) varied widely from month to month. 

However, the Southern hemisphere there has also been 
more active and showed no correlation with the activity of 
the Northern hemisphere (Fig. 8). 

 
3. Conclusion 
 
On the basis of the obtained results on presentation of 

the discreteness index of "anti-cycles" of the northern and 
southern hemispheres of the Sun a number of definite 
conclusions can be done. 

According to the annual index values there are 
significant differences in the dynamics of the "anti-cycles" 

in different hemispheres, including the value of the 
amplitude and time of the beginning and the end. And for 
the weaker cycles the activity duration in maximum is 
short.  

Particular interest is the 19th cycle in which the 
maximum activity is provided by the abnormally high 
activity of the northern hemisphere. While the southern 
hemisphere sharply reduced its activity forming an intense 
and long-lasting "anti-cycle". 

According to the monthly values of discrete indexes we 
can see that the change of sunspot regime happens within 
one month. During this time a complete disappearance 
may happen, and then the sudden appearance of groups of 
alternate spots in the northern and southern hemispheres. 

Thus the discrete index of anti-cycles of the northern 
and southern hemispheres shows interesting features that 
are important in understanding the operation of the solar 
dynamo.  In the continuation of this work by means of 
wavelet analysis the main periods of forming an "anti-
cycle" of the solar activity will be identified. 
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ABSTRACT. The decade instabilities in Earth’s rota-
tion (DIER) are usually explained by the interactions of 
the Earth’s core and mantle. This hypothesis explains well 
a close correlation between DIER and the variations in the 
rate of the westward drift of the geomagnetic eccentric 
dipole; it corresponds quite reasonably to the possible 
redistribution of the angular momentum between the fluid 
core and the mantle of the Earth. however, the hypothesis 
can not explain the close correlations of DIER with the 
observable variations in the masses of the Antarctic and 
Greenland ice sheets, with the decade oscillations of the 
types of synoptic processes (the epochs of the atmospheric 
circulation), with the anomalies of the global temperature, 
regional anomalies of the cloudiness, precipitation, and 
other climatic characteristics. 

It is supposed that the DIER are the fluctuations of the 
velocity of the lithosphere driftage along the astheno-
sphere. The sliding of the lithosphere over the astheno-
sphere is possible due to of the vibratory displacement 
mechanism by tidal forces. The consequences following 
from this hypothesis are discussed. 

Keywords: Decade fluctuation in Earth’s rotation, drift 
of lithosphere, plate tectonics. 
 

1. Hypothesis 
 

It is well known that seasonal variations in the Earth’s 
rotation are determined by the redistribution of the angular 
momentum between the atmosphere and the Earth. When 
the moment of the atmosphere is increasing then the mo-
ment of the Earth is decreasing and vice versa. This regu-
larity is well seen on Figure 7.10 (Sidorenkov, 2009) 
where the time series of the angular momentum of the 
atmosphere is compared with the time series of the angu-
lar momentum of the Earth taken with the opposite sign. 
Thus, the no tidal irregularities of the Earth rotation are 
mainly due to the exchange between the angular momen-
tum of the solid lithosphere and its fluid environment – 
the atmosphere and the hydrosphere. This exchange oc-
curs due to the moments of the frictional forces and pres-
sure forces pushing on mountain ranges. 

Special Bureau for the Atmosphere carries out the 
monitoring of the exchange of the angular momentum by 
both the momentum approach (that is, by the evaluation of 
the effective functions of the atmospheric and oceanic 

angular momentum), and the torque approach (that is, the 
evaluations of the torque resulting from the wind and cur-
rent stresses and pressures). 

Calculations of the friction and pressure momentum 
forces are performed for the entire Earth surface as a whole. 
However, the lithosphere is cracked on a set of the litho-
sphere plates. The atmosphere and ocean are acting on the 
lithosphere plates, and only then is this action transmitted to 
the Earth. What is the result of the atmospheric action on 
the lithosphere plates? Let us recall that under the litho-
sphere, there is a layer of the lower viscosity – the astheno-
sphere in which the lithosphere plates are capable to float. 
Continents are frozen into the oceanic plates, and they may 
passively move with them (Trubitsyn and Rykov, 1998; 
Trubitsyn, 2000). The lithosphere plates float in the as-
thenospherical substratum. On the decade time scale, the 
lithosphere plates can move in the horizontal direction un-
der the effect the friction and pressure (acting on mountain 
ranges) forces. The plates are in motion under the action of 
the friction stresses and pressure, which the atmosphere and 
ocean produce on the exterior surface of the plate. The vis-
cous cohesive force with the asthenosphere on the soles and 
faces of the plates decelerates their movement, but the exte-
rior forces overcome this resistance. Therefore, when calcu-
lating the torque, it is necessary to carry out the integration 
not only for the entire Earth surface but also separately for 
every lithosphere plate. The moment of forces affecting on 
an individual plate determines the vector of the movement 
of the plate (Sidorenkov, 2009). 

 

2. Evidence 
 

A good example of this is the situation in the Drake 
Passage. Strong westerly winds dominate in the 40_S – 
50_S. They generate the powerful Antarctic Circumpolar 
Current (ACC) in the Southern Ocean. The South Amer-
ica, the Antarctic Peninsula, and the underwater litho-
sphere present a barrier for ACC. Westerly atmospheric 
winds and oceanic currents have replaced this barrier 
downstream and have shifted this lithosphere bridge to the 
east by 1500 km. This process resulted in the formation of 
the Scotia Sea (the South-Antilles hollow). It is bordered 
along the perimeter by the remains of the lithosphere 
bridge in the form of the South-Antilles ridge and numer-
ous islands, the arc of the South Sandwich Islands being 
the principal of them. This ridge, at the drifting in the 
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eastward stream, has crumpled the oceanic lithosphere and 
has formed the deep South-Sandwich trench. 

Let us present one more piece of evidence for the bene-
fit of our hypothesis. The atmospheric circulation has a 
remarkable feature: at the latitudes of 35_N and 35_S, the 
wind direction alters to the opposite one. Easterly winds 
predominate in the tropical belt between these latitudes, 
and westerly winds in the moderate and high latitudes. 
According to this, the stresses of friction on the surface of 
the lithosphere are directed to the opposite sides. There-
fore, the maximum stress in the lithosphere should con-
centrate near the latitudes of 35_N and 35_S. These bands 
should exhibit an increased seismic and tectonic activity. 
Really, in the Northern Hemisphere, in this band, continu-
ous mountain ranges are extending through the Mediterra-
nean Sea, Middle East, Iran, Pamir, Tibet, Japan and USA. 
Here, Earthquakes and eruptions of volcanoes occur most 
frequently. In the Southern Hemisphere, the band of the 
sign change in wind direction is located over the World 
Ocean. Therefore, the seismic and tectonic processes do 
not manifest themselves. 

 
3. Estimations 
 

Now let us estimate the order of magnitudes of the at-
mospheric and oceanic forces effecting on a separate plate 
and of the stresses of the interaction between plates. 

At the common wind velocity (u=10 m/s) the friction 
stress τ on the surface of the plate is τ = cρu2 = 0.004×1.27 
kg/m3 (10 m/s)2 = 0.5N/m2, the area of the plate is ≈2×1013 
m2; therefore, the total atmospheric force effecting on a 
separate plate, is ≈1013 N. Under the effect of this force the 
plate interacts with the circumjacent plates through the 
frontal contacts. The interaction takes place only at the sites 
of adhesion of plates, and the area of contacts may be small. 
The total atmospheric force concentrates on this small area. 
Therefore, the stresses may reach such high values (106–107 
N/m2), at which the discontinuity and displacement of 
plates from each other occur. The discontinuity triggers the 
seismic waves. Thus, the mechanical action of the atmos-
phere and ocean on the lithosphere plates controls the rela-
tive movements of the lithosphere plates and can cause the 
earthquakes and volcanic activity. 

There is a substantial body of publications in which 
strong correlations between the seismicity and the varia-
tions in the atmospheric indices, as well as between the 
seismicity and the fluctuations in the Earth’s rotation 
(Zharov, Konov, and Smirnov, 1991; Gorkavyi et al., 
1994a; Gorkaviy, Trapeznikov, and Fridman, 1994b; Bar-
sukov, 2002) are found. Our hypothesis explains these cor-
relations. The atmospheric and oceanic circulation is the 
initial cause of both the whole class of earthquakes and the 
variations in the Earth rotation. Note that the variations in 
the Earth rotation are very small (δω/ω)≈10-8) and do not 
affect the geophysical processes (Sidorenkov, 1961, 2002). 

 
4. Variations in the ice sheet masses 
 

Redistribution of water between the world’s oceans and 
the ice sheets was accompanied by changes in the moment 
of inertia of the Earth and must have led to its irregular 
rotation and secular polar motion. On this basis, combined 
algebraic equations can be set up to relate the value of the 
Earth’s rotational speed and the polar coordinates to the 
masses of ice in Antarctica and Greenland and water in 
the world’s oceans (Sidorenkov, 2009). These equations 
allow one to calculate the rotational characteristics of the 
Earth: the polar coordinates and the rotational speed of the 
Earth. If the masses of ice are unknown but data on the 
instability of the Earth’s rotation are available, it is possi-
ble to solve the inverse problem: to compute the annual 
values of ice masses in Antarctica and Greenland and of 
water in the world’s oceans from the polar coordinates and 
the rotational speed. 

It was found by Sidorenkov (2002, 2009) that the varia-
tions observed in the Antarctic ice sheet mass agreed with 
the mass’s variations required for the explanation of the 
decade (5–100 year) fluctuations of the Earth’s rotation rate 
and the secular polar motion (Fig. 1). However, this agree-
ment proved to be only the qualitative one. As to the quanti-
tative agreement, the variations observed in the ice masses 
proved to be 28 times less than the required variations. 

These contradictory results indicate that the observed 
decades-long fluctuations in the Earth’s rotation rate are 
not due to the rotation and polar motion of the whole 
Earth but rather to changes in the speed of drift of the 

 
 
 

 
Figure 1: Temporal variations in the specific ice masses for Antarctica: 2 and 3 – data of the glaciological observations; 
1 – volume required for the explanation of the decade fluctuations of the Earth’s rotation velocity and the secular polar 
motion. 
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lithosphere over the asthenosphere. Indeed, the moments 
of the like-sign forces arising in the process of fluctuation 
in the global water exchange operate for decades. It is 
possible that, with such long-term impacts, the matter of 
the asthenosphere underlying the lithosphere does not 
behave like a solid body but rather flows like a viscous 
fluid. Then, the decades-long global water exchange can 
result in the lithosphere’s sliding over the asthenosphere 
without having a noticeable effect on the Earth’s deeper 
layers. In astronomical observations, changes in the litho-
sphere’s drift rate are recorded as the irregularities in the 
Earth’s rotation and polar motion. However, such apparent 
irregularities and motions require the redistribution of 
water masses that are 28 times lower than in the case of 
rotation of the whole Earth. 

 
5. The lithosphere drifts over the asthenosphere 
 

The Earth’s layers that are deeper than the astheno-
sphere don’t take part in the formation of the observed 
decade fluctuations. The lithosphere’s moments of inertia 
are 28 times less than the moment of inertia of the whole 
Earth and therefore the variations in the Antarctic ice mass 
exactly correspond to the mass’s variations required for 
the explanation of the decade fluctuations in the litho-
sphere’s angular rotation rate. 

The sliding of the lithosphere over the asthenosphere is 
possible in the case when the action duration T is many 
times longer than the characteristic relaxation time t 
within the asthenosphere. It is known that the relaxation 

time t is determined from the relationship t=μ/η, where μ 
is the viscous coefficient and η is the rigidity. For the as-
thenosphere, μ≈1018 – 1023 Poise and η≈1012 dyn cm-2. As 
a result, t=μ/η=106 – 1011 s or 0.03–3000 years. Clearly, 
the above-mentioned hypothesis could be accepted if we 
take a lower limit to the permissible values of μ. At the 
upper limit of viscosity, the drift of the lithosphere is 
hardly probable. 

However, this classical estimate does not take into ac-
count the effects of vibrational lithospheric displacements. 
Indeed, the lithospheric plates constantly vibrate in the ver-
tical direction under the action of lunisolar tides. On the 
other hand, the lithospheric plates are constantly affected in 
the horizontal direction by shear stresses caused by friction 
of wind, and ocean currents. As a result, the lithospheric 
plates must exhibit vibrational displacements over the as-
thenosphere in the direction of acting tangential forces. 
There is abundant evidence supporting this plate drift. 

Now Global Positioning System (GPS) is used to study 
moving of the Earth’s tectonic plates (Fig. 2). Plates move 
as slow as a few centimeters in a year. 

The differential rotation of the lithosphere and mantle 
is considered in many papers devoted to the tectonics of 
plates (Scoppola B., Boccaletti D., Bevis M. et al., 2006; 
Chuikova & Maksimova, 2005) have found the uncom-
pensated masses and stresses at the crust and uppermantle. 
They supposed the crust’s movements caused by the crust 
pressing on the mantle for both the isostatic and gravity 
nonequilibrium. 

 
 

Figure 2: Current absolute plate motion from GPS information (world Robinson projection). 
Length of arrows indicates rate of movement of that part of the plate 

http://www.files.ethz.ch/structuralgeology/jpb/files/english/1Introtecto.pdf 
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Figure 3: Fluctuations of the angular velocity of lithospheric drift over the asthenosphere in 1660-2015 

 
 

Thus, the research results and observations confirm the 
hypothesis about the movement of the lithosphere plates 
under the impact of the atmospheric and oceanic circulation 
on the decade time scale. The total effect of the movement 
of all lithosphere plates is interpreted by geophysics as the 
decadal fluctuations of the Earth’s rotation. 

It can be stated that the lunisolar tidal ocilations cause 
the vibration displacement of continental plate. Observed 
by astronomers, decade variations in the Earth's angular 
velocity are actually variations in the angular velocity of 
lithospheric drift over the asthenosphere. Figure 3 demon-
strates these variations over the last 350 years. 

The hypothesis on the drift of the lithosphere over the as-
thenosphere is based not only on the analysis of the effect 
of redistribution of water between the ocean and the ice 
sheets in Antarctica and Greenland but also on a review of 
the mechanism of the angular momentum interchange be-
tween the atmosphere and the Earth (Section 1). The fric-
tional forces and the pressures of the atmosphere and 
oceans on the lithosphere plates cause their drift over the 
asthenosphere. This hypothesis also agrees with the fact that 
there is a significant correlation between the seismic activ-
ity and the irregularities of the Earth’s rotation. 

The lunisolar tides affect the atmospheric and oceanic 
processes. On the one hand, they generate the vibrational 
displacement of plates and, on the other hand, influence 
the atmospheric and oceanic processes. That is why there 
are numerous relationships between the dynamics of 
seismicity and the peculiarities of variations of 
atmospheric circulation. 

The state of the ice sheets in the Antarctic and Greenland 
depends on the climatic variations. Therefore, the decadal 
fluctuations in the Earth’s rotation may also correlate with 
the fluctuations in the climatic characteristics and indices. 
This relationship has been found in (Lambeck, 1980; Si-
dorenkov, 2002; 2009). There is a close correlation between 
the Earth’s rotation fluctuations and the frequencies of the 

atmospheric circulation forms, the anomalies of the hemi-
sphere-averaged air temperature, and many another climate 
characteristics (Sidorenkov, 2009). These relationships are 
explained given the assumption that the lithosphere drifts 
along the asthenosphere. 
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ABSTRACT. Authors created and provided the opera-

tion of the first version of the "Bolide Network of Chur-
yumov" for continuous recording of twilight and daytime 
traces of aerial and aerospace intrusions over Kiev and 
Kiev district during 2013-2016. A total of more than 
36000 copyright photos was obtained, their classification 
was carried out and the first database was created. The 
authors recorded typical space invading meteoroids, com-
ets nucleus fragments and traces of aerial intrusions, signs 
of which, as a rule, are observed at lower altitudes com-
paring with typical space invasions.  

Keywords: Twilight Bolide: Comets nucleus: Space inva-
sions: Meteoroids  
 

We live in a very difficult time when in different parts 
of the globe, in different countries due to different reasons 
and different goals the so-called hybrid wars are provoked 
from the outside, break out and last for years. 

The phenomenon of "hybrid war" has many definitions, 
but its main characteristics and key elements are the fol-
lowing: 

1. War is clearly there, but legally it is absent. 
2. The real external aggression is masked as some con-

flict within civil society. 
3. Financial resources and often manpower, military 

technical systems are provided by external sources.  
4. Long before the hot phase of the hybrid wars perma-

nent active invasion of different services, systems, forces 
and facilities are initiated by states, geopolitical and global 
economic associations which are interested in conflict.  

4. The hybrid wars, as a rule, cover only cover specific 
regions having concentrated social, economic, industrial 
and/or military strategic interests of the parties.  

In any case, at the same time, the role of the light avia-
tion (Churyumov et al., 2014b, d) for special purposes 
(e.g. drones, quadrocopters) is dramatically increased. It 
should be emphasized that a number of the leading states 
have recently successfully created and tested ultra-light 
drones which use self-destruction function after perform-
ing a secret aggressive mission of secret invasion. This 
allows the aggressor state to mask his aerial aggression as 
"natural" invasion of fragments of disintegrated nuclei of 

comets, meteoroids and even as aerospace invasion of 
space debris items (Brown et al., 2002, Churyumov et al., 
2014e, f, 2015a, Spurny et al., 2002, Vid’Machenko, 
1995, Vidmachenko et al., 2013a, b). 

Realizing the danger of the above stated, the team of au-
thors of this brief communication created and provided the 
operation of the first version of the "Churyumov Unified 
Network" for continuous recording of twilight and daytime 
traces of aerial and aerospace intrusions over Kiev and Kiev 
district during 2013 - 2016 years (Churyumov  et al., 2013, 
2015c, d, 2016a, b, c, d, e, f). A total of more than 36000 
copyright photos were obtained, their classification was 
carried out and the first database was created. The authors 
recorded typical space invading meteoroids, comets nucleus 
fragments and traces of aerial intrusions, signs of which, as 
a rule, are observed at lower altitudes comparing with typi-
cal space invasions (Churyumov et al., 2016g).  

We also managed to fix the origin and development of lo-
cal, but powerful, atmospheric vortexes, which were previ-
ously not typical for Ukraine, and therefore it confirms the 
dangerous trends in climate evolution. Very large, long 
plumes of dust, aerosol emissions of Kiev enterprises are 
registered that may be the subject of harsh penalties. It was 
also obtained a large series of photos of summer fires, explo-
sions of tank farms and even traces of special air operations 
during periods of hybrid escalation of the war. In created 
database there is also a considerable number of "footprints in 
the sky" over Kiev, which we have not yet managed to clas-
sify and identify (Churyumov  et al., 2014a, c 2015b). 
A successful and fruitful experience of authors in the grim 
years of Maydan, ATO and hybrid war of 2013-2016 
years, clearly requires a sharp intensification of efforts of 
all astronomical observatories of Ukraine regarding the 
development and improvement of the "Churyumov United 
Network" for continuous recording of twilight and day-
time traces of aerospace, aerial and suborbital intrusions 
(Churyumov et al., 2016c, e). 

The operation of such a network is of prime importance 
for The State Emergency Service of Ukraine, Security Ser-
vice of Ukraine, Ministry of Defense of Ukraine and many 
other departments and ministries,  which should  finance 
the creation of  hybrid  photo  recorders  for  the  network,
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Figure 1: On the left – photo by Steklov A.F., right – photo by Dashkiev G.N. 

 
Figure 2: Bolide trace over Kiev June 31, 2013. Photo by Churyumov K.I. 

 
Figure 3: Variations of bolide trace over Kiev Region. July 08 2016. From left to right: UT 19.26.24, 19.26.26, 
19.27.30. Photos by Steklov A.F. 

 
Figure 4: Variations of bolide trace over Kiev Region. July 08 2016. From left to right: UT 19.27.46, 19.27.57, 
19.28.28. Photos by Dashkiev G.N. 
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which combine the properties of modern wide-angle 
comet seeker and features cutting-edge video recorders. 
The "Churyumov Unified Network" should be supported 
by all astronomical, meteorological and geodetic observa-
tories, National Academy of Sciences of Ukraine, Na-
tional Academy of Pedagogical Sciences, the Academy of 
Sciences of Higher School, "The Planetary Society" of 
Ukraine; academician, universities, educational and other 
(national, private, amateur) observatories. Full-scale de-
ployment of the "Churyumov United Network" requires 
the creation of trusted panoramic cameras, video surveil-
lance systems with a maximum recording resolution, 
maintaining compression format, allowing for adequate 
reality color shooting in low-light conditions, in the pres-
ence of a large (long) and small (short) tracks (objects). 
Systems should have their own computing facility, web 
server, the ability to stream video over a wireless network 
to support transmission of multiple video streams in the 
required compression formats. 

Our network cameras need to have not only the possi-
bility of wired and wireless connectivity to a single and 
multi-channel network video servers, but also rely on the 
work of four-wheel drive IP-based cameras with sufficient 
(18x?) zoom having features of progressive scan sensor 
and, at the same time, multi-channel decoders should al-
low to connect to a large number of cameras with progres-
sive scan technology to improve image quality. Very de-
sirable is implementation of modes of daytime, twilight 
and night scenes. And so on.  

The challenges that our turbulent times poses on astro-
nomical observatories are very complex, but interesting 
and, finally, astronomers of Ukraine, creating systems and 
networks for continuous photographic twilight and day-
time traces aerial, aerospace and suborbital intrusion, can 
take on a new critical role in the protection of society and 
the state in the era of hybrid wars.  

In Fig. 3 (left) shows an image of "a trace in the sky", 
results in about a half a minute after the start of combus-
tion body, which has flown into the atmosphere (Kru-
chynenko, 1995, 1997, 2004, Kruchynenko et al., 2011). 
Trace was observed just near the horizon. At falling this 
body is becoming stronger flared. Combustion occurs with 
elements of splashing of a yellow-orange flame. This 
flight-combustion continued no more than ten seconds. 
The object burned down and left by the Sun illuminated 
trail. In Fig. 3 and 4 shows the dynamics of changes in the 
trace form. This trace about 40 minutes was illuminated 
by the Sun. And then a few tens of minutes could be seen 
as a diffuse dark cloud against the evening sky, which is 
illuminated by the Moon. During this time, were obtained 
a few tens of trace photos, before full it’s scattering in the 
atmosphere. The distance between the two points of ob-
servation was 25.8 km 

And advanced "Churyumov Unified Network" will be 
only one of our responses to the challenge of time. Our 
other answers already in the works. 
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ABSTRACT. An international network of passive 

correlation ranging of a geostationary telecommunication 
satellite is considered in the article. The network is 
developed by the RI "MAO". The network consists of five 
spatially separated stations of synchronized reception of 
DVB-S signals of digital satellite TV. The stations are 
located in Ukraine and Latvia. The time difference of 
arrival (TDOA) on the network stations of the DVB-S 
signals, radiated by the satellite, is a measured parameter. 

The results of TDOA estimation obtained by the 
network in May-August 2016 are presented in the article. 
Orbital parameters of the tracked satellite are determined 
using measured values of the TDOA and two models of 
satellite motion: the analytical model SGP4/SDP4 and the 
model of numerical integration of the equations of satellite 
motion. Both models are realized using the free low-level 
space dynamics library OREKIT (ORbit Extrapolation 
KIT). 

Key words: orbit of geostationary satellite, DVB-S, 
TDOA 

 
1. Introduction 
  
Passive correlation ranging (PaCoRa) of geostationary 

satellites is considered by the European Space Agency 
(ESA) as an alternate to classical two-way radar ranging 
[1]. The ESA project with the same name had been 
performed by the SES company during Jun. 2010 – Jan. 
2013. PaCoRa system receives a satellite‘s downlink 
signal by multiple ground stations located within the 
satellite‘s footprint. The signal’s time difference of arrival 
(TDOA) is determined by the PaCoRA for each pair of the 
stations. Further the TDOA and known geographical 
coordinates of the stations are used to obtain the satellite’s 
position and predict its orbit. According to the ESA the 
PaCoRa has some advantages compare to the classical 

method of ranging. In our opinion, three of them are the 
most important. 1) Rx-only: small antennas and standard 
RF front-end hardware required. 2) No uplink for ranging, 
therefore no impact on the satellite. 3) Orbit determination 
of own satellites and 3rd party satellites. 

In the Research Institute “Mykolaiv astronomical 
observatory” (RI “MAO”) the passive correlation ranging 
has been employed since the first experiment in Aug. 
2011 [2, 3]. The method is considered as an independent 
method for tracking the future Ukrainian geostationary 
satellite “Lybid”. Results of the passive correlation 
ranging of Eutelsat-13B are presented in the article. The 
results were obtained during 2015-2016 by an 
international network which consists of 5 stations located 
in Ukraine and Latvia. 

 
2. International network of passive correlation 

ranging 
 
Now the stations of the network are located in Kharkiv, 

Mukacheve, Rivne, Mykolaiv (Ukraine) and Ventspils 
(Latvia). The Rivne station had been located in Kyiv up to 
Feb. 2016. The Ventspils station has operated since Nov. 
2015. The network has operated as a part of the four 
Ukrainian stations since Jan. 2015. The network also 
includes a data processing center, located in Mykolaiv.  

The stations of the network have identical hardware 
and software. Each station consists of: 

– The standard antenna-feeder system for the reception 
of DVB-S signals, with antennas of 0.9 m in diameter; 

– DVB-S receiver (SkyStar1 or Skystar2) performed as 
a PCI-card and upgraded in terms of outputting of in-
phase and quadrature signals from the receiver’s 
quadrature detector; 

– Single-frequency ThunderBolt-E GPS receiver; 
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– Digital USB-oscilloscope DSO5200A with 200 MHz 
passband and 9-bit ADC (Analog Digital Converter); 

– Personal computer (PC) with USB and RS-232 ports, 
operable in Windows XP environment (1 GHz CPU clock 
rate; 1 Gb RAM, and 100 Gb HD capacity); 

– Internet connection at data rate of at least 80 Kbytes 
per second. 

The station software consists of: 
– Standard software of the DTV-S receiver and digital 

USB oscilloscope; 
– Open source software FileZilla (FTP-client); 
– Special software for synchronized measurements by 

the GPS and for reading and archiving samples of the 
DVB-S signals on the PC hard drive. 

Detailed description of the station hardware and 
software is given in [3, 4]. The hardware and software 
allow each station of the network to record every second 
fragments of DVB-S complex signal, incoming from the 
quadrature detector, synchronously with PPS (Pulse-Per-
Second) signals, incoming from the GPS receivers. It is 
shown in [3] that the complex signal should be 
transformed in a real signal taking into account the 
structure of DVB-S signal to obtain convolution and 
subsequently calculate TDOA. This transformation is 
performed on the stations now. The obtained real signal 
samples are archived and sent through the Internet in the 
data processing center. Here the correlation function of the 
real samples is computed and the value of TDOA is 
estimated by the following formula [5]: 
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where i  – time difference of arrival the signals 

received by the i-th and 0 stations, xin – offset of the 
maximum of the correlation function from the beginning 
of the sample obtained by the i-th station, 0n  – given 
offset of the middle part of the sample obtained by the 
zero station, nf  – nominal sample rate of the ADC of the 
digital USB oscilloscope, k – measured factor between 
valid and nominal sample rates of the ADC, hi  – 
measured value of the difference of hardware delays of the 
stations, PPSi , 0PPS  – given initial delays of PPS 

signals of GPS receivers of the stations. The values of xin  

and  0n  are measured in counts of the sampling 
frequency. The size of the middle part of the zero station 
sample is equal to the sample size of a correlator and is 
always less than the sample size of the ADC. The ADC 
sample size is equal 10240 for the employed type of USB 
oscilloscope. The corresponding sample length is equal 
200 µs for the sample rate nf =51.2 МГц. The mentioned 
sample rate is close to Nyquist rate for the received signal. 
The coefficient k = 0.97655 is a constant for the given 
type of oscilloscope. Values of PPS  depend from 
geostationary position of tracked satellite and for Eutelsat-
13B they are equal 1270 µs, –215 µs, 642 µs, 0 µs, 2660 

µs and 888 µs respectively for the station in Kharkiv, 
Mukacheve, Rivne, Mykolaiv, Ventspils and Kyiv. The 
data processing center software has been written on 
Python to compute TDOA. 

The special software has also been developed on 
Python to determine the orbit of tracked satellite using 
observed values of TDOA. Herewith orbit parameters are 
determined using the least square method (LS), namely, 
by minimizing the sum of squared differences of the 
observed and model values of TDOA. The LS equations 
are solved using the Levenberg-Marquardt method 
software-implemented in the Python function leastsq [6, 
7]. The LS equations are also solved with respect to 
satellite coordinates in inertial coordinate system on an 
observing epoch. The satellite position is modeled using 
the free space dynamics library OREKIT (ORbit 
Extrapolation KIT) written in Java [8]. The developed 
software allows determination the satellite orbit using the 
SGP4/SDP4 (Simplified General Perturbation/Simplified 
Deep Space Perturbation) analytical model of satellite 
motion [9, 10], and using a numerical model of integrating 
the equations of satellite motion [11]. The SGP4/SDP4 
model is used to determine the pseudo-keplerian elements 
of satellite orbit in the so called the two-line elements 
(TLE) format proposed by NORAD. The initial values of 
the satellite coordinates and velocity for this model are set 
in the TEME (True Equator Mean Equinox) coordinate 
system – the Earth-centered inertial frame used for 
determine the NORAD two-line elements. The following 
perturbations are taken into account under using the 
numerical model to determine satellite orbit:   

– Three-body gravitational attractions of the Sun and 
Moon, JPL DE 405/DE 406 [12]; 

– Gravitational attraction of the non-spherical Earth 
(Earth gravity model EIGEN-6S, truncated to the 9th 
degree and order) [13]. 

The initial values of the satellite coordinates and 
velocity for the numerical model are set in the EME2000 
(Earth’s Mean Equator and Equinox) coordinate system 
which is also called J2000 frame. 

The coordinates of the stations are necessary to 
determine the orbit. They are set in the Earth-fixed 
WGS84 system and are taken directly from the 
measurement data of GPS receivers used for 
synchronization of the stations. Initial values of the 
coordinates of tracked satellite are also originally set in 
the WGS84 assuming that the satellite is at the geographic 
coordinates of equal φGSS, λGSS = 0 and hGSS = 36000 km, 
where φGSS, λGSS and hGSS denote the longitude, latitude 
and height of the geostationary satellite. The satellite 
Eutelsat-13B is located in the geostationary cell at the 
longitude 13° East, therefore, φGSS = 13°. 

 
3. Passive correlation ranging of Eutelsat-13B 
 
As an illustration, in Fig. 1 the graphs of slant range 

differences r  changed in time from May 18, 2016 to 
Aug. 16, 2016 are given for four pairs of stations Kharkiv-
Mykolaiv, Mukacheve-Mykolaiv, Ventspils-Mykolaiv and 
Rivne-Mykolaiv. 
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Figure 1: Slant range differences for four pairs of stations (from top to bottom): Kharkiv-Mykolaiv, Mukacheve-
Mykolaiv, Ventspils-Mykolaiv and Rivne-Mykolaiv. Observation time is from May 18, 2016 to Aug. 16, 2016. 

 

 
(a) 

 
(b) 

Figure 2: Residuals between model and observed TDOA for two pairs of stations (from top to bottom) Kharkiv-
Mykolaiv and Mukacheve-Mykolaiv, and for two models: (a) – for SGP4/SDP4 model, and (b) – for numerical model.  

Fitting interval equals 24h. 
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Table 1. Mean and standard deviations of the residuals. 

Kharkiv-Mykolaiv Mukacheve-Mykolaiv Model 

 , ns σ, ns   , ns σ, ns 

SGP4/SDP4 11 ±9 3 ±39 
Numerical 13 ±5 4 ±6 

 
 
The slant range differences r  is obtained by 

averaging every second values Δr =  ·c on the interval 
of 60 s, where   – the TDOA for given pair of stations 
and c – the speed of light in vacuum. Statistical analysis 
shows that for all four pairs of stations the median of 
standard deviation (SD) of Δr is ±2.6 m or ±8.7 ns for the 
TDOA SD. 

The graphs of the TDOA residuals (Δ) between model 
and observed values are shown in Fig. 2 for the interval of 
±1.5 days from the observing epoch 31.10.2015 03:00 
UTC and for two pairs of stations Kharkiv-Mykolaiv and 
Mukacheve-Mykolaiv. Herewith the residuals obtained 
using the SGP4/SDP4 model are shown in Fig. 2 (a), and 
using the numerical model – in Fig. 2 (b). The interval for 
fitting the model and observed values was equal 24 hours. 

From the data given in Fig. 2 (a) it follows that the 
SGP4/SDP4 residuals have significant periodic deviations 
on the fitting interval due to the inaccuracy of the model. 
The residuals graphs for the numerical model (Fig. 2 (b)) 
do not have significant periodic deviations on the fitting 
interval. Mean ( ) and standard deviations (σ) of the 
residuals obtained on the fitting interval are given in Table 
1. For both model there are significant deviations of the 
residuals outside of the fitting interval. 

 
4. Summary  
 
1. The monitoring of Eutelsat-13B was performed by 

the international network of passive correlation ranging 
during about a year from Nov. 2015 to Aug. 2016. The 
network consists of five stations received DVB-S signals 
and spaced at 1000 km along longitude as well as latitude 
.Single-measurement error (1 sigma) of the TDOA is 
equal about ±8.7 ns for the all pairs of the stations. 

2. Special software was developed for determination 
orbital parameters by TDOA using the SGP4/SDP4 model 
and simple numerical model of satellite motion. Standard 
deviations and average values of the residuals between the 
model and observed TDOA are estimated for the pairs 
Kharkiv-Mykolaiv and Mukacheve-Mykolaiv. The 
numerical model is more accurate than the SGP4/SDP4 
model. The standard deviations of the TDOA residuals on 
the fitting interval do not exceed ±6 ns for the numerical 
model. The fitting interval should be set more than 24 
hours to increase prediction accuracy of the models. 

3. The considering network could be a prototype of a 
system of ongoing monitoring of orbits of active 
geostationary satellites. This system may be cheap to 
implement and will be fully independent, do not tied to 
uplink stations. 
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ABSTRACT. The time-frequency and multiple 
regression analysis of the orbital parameter characterizing 
the drag of satellites on circular and elliptical orbits with 
different perigees and orbital inclinations in the 
atmosphere of the Earth was being conducted in 23-24 
cycles of solar activity. Among the factors influencing 
braking dynamics of satellites were taken: W – Wolf 
numbers; Sp – the total area of sunspot groups of the 
northern and southern hemispheres of the Sun, F10.7 – the 
solar radio flux at 10,7 cm; E – electron flux with energies 
more than 0,6 MeV и 2 MeV; planetary, high latitude and 
middle latitude geomagnetic index Ap. In the atmospheric 
drag dynamics of satellites, the following periods were 
detected: 6–year, 2.1–year, annual, semi-annual, 27–days, 
13– and 11–days. Similar periods are identified in indexes 
of solar and geomagnetic activity. Dependence of the 
periods of satellites motion on extremes of solar activities 
and space weather conditions was conducted. 
 

1. Introduction 
 

The state of the upper atmosphere of the Earth depends 
on solar and geomagnetic activity. Solar and geomagnetic 
activity affects the atmosphere primarily by increasing its 
temperature and dencity. Variations in the density of 
Earth's atmosphere cause changes in altitude satellites. In 
this work, satellites are used as indicators of the impact of 
space weather on the upper atmosphere of the Earth [1, 2]. 
This work is a refinement, expansion and continuation of 
the work [5]. 
 

2. Observational data 
 

For analysis were taken twenty five satellites with 
different inclinations. Among them: polar, middle–latitude 
and equatorial satellites. There are fifteen circle orbit and 
ten elliptic orbit satellites. Table 1 lists: numbers of 
satellites, periods of observations, inclination of orbits – i, 
eccentricity – e and the minimum and maximum distance 
from the surface of the Earth at perigee – r min and r max. 
Study satellites moved in unmanaged mode and the 
satellites: 27700, 00063, 00165 – burned in the 
atmosphere towards the end of the observation period. 
Observations of these satellites cover the declining phase 
of solar cycle 23 and the first half of solar cycle 24. It 

includes the rise phase and beginning of the maximum 
phase of solar cycle 24. 

For the analysis the following indices were taken: W – 
Wolf numbers; Sp – the total area of sunspot groups of the 
northern and southern hemispheres of the Sun, F10.7 – the 
solar radio flux at 10,7 cm; E – electron flux with energies 
more than 0,6 MeV и 2 MeV; planetary, high latitude and 
middle latitude geomagnetic index Ap. Data of these 
indices cover time period from 2005 y. to 2014 y. 

Variations of the B–star Drag Term [4] and five indices 
of solar and geomagnetic activity were studied in this 
article. Figure 1 shows an example graph of the change of 
the drag coefficient of the satellites: 27700, 00932 – in the 
investigated time interval. 

 
 
Table 1. 
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Figure 1: Initial values for polar satellites 27700 (circular 
orbit) and 00932 (elliptical orbit). 

 
 

 
3. Methods of data processing 
 

Packages of the statistical analysis were used for our 
estimations, which are: Origin Pro 8.1, STATISTICA 8 и 
PSELab. 

For primary processing of data was used software 
package – Origin Pro 8.1. With it performed data 
interpolation by B–spline method and subtracted the trend 
(polynomial 3–rd order and using of frequency filtering). 
The primary processing of indices of solar and 
geomagnetic activity data wasn’t used. These indexes are 
daily. After this package used statistical analysis software 
package STATISTICA 8. With this package were 
constructed periodograms for all satellites and indices of 
solar and geomagnetic activity. At the last stage was used 
the PSELab package for construction of the spectrograms. 
PSELab allows to carry out the spectral and spectral–time 
analysis of data. 

For quantitatively characteristics of the mutual 
influence of the selected indices on the B–star Drag Term 
was used multiple correlation analysis in software package 
STATISTICA 8. 
 
 

4. Results 
 

Fig. 2 shows initial values for one of the indices of 
solar activity – the solar radio flux at wavelength 10,7 cm. 
Periodograms was built based on these initial values. This 
index is an indicator of ultraviolet radiation from the sun. 
It affects the change in the temperature and density of the 
upper atmosphere of the Earth. 

The results of primary processing of B–star Drag Term 
are given in [5]. 

 
 

 
Figure 2: Initial values for index of solar activity the solar 
radio flux at wavelength 10,7 cm. 
 
 

 
Figure 3: Periodogramm of initial values for radio flux at 
wavelength 10,7 cm. 

 
 
4.1. Dividing the data into two intervals of observations 
 
The study period of satellites and solar and 

geomagnetic indexes includes phase of declining of 23–rd 
solar cycle, phase of rise of 24–th solar cycle. State of 
solar and geomagnetic activity during these periods differ 
significantly. 

That’s why observations data were divided into two 
periods: 2005–2009 y. and 2010–2014 y. In STATISTICA 
8, using Fourier analysis, we constructed periodograms for 
these intervals for B–star Drag Term and five indices of 
solar and geomagnetic activity. An example of 
periodograms is shown in Figure 3. 

In the resulting periodograms, for indexes of solar and 
geomagnetic activity, for period 2005 – 2009 y. we 
obtained the periods: 

1. For Wolf numbers: in years (for 2005 – 2009 y. 
does’t exist); in months (6; 3,3; 1,7; 1,2); days 
(28,5; 25; 21,2; 17,1; 13,4; 11,1; 8,9). 
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2. For the total area of sunspot groups: in years (for 
2005 – 2009 y. does’t exist); in months (6; 3,8; 2,4; 
1,6; 1,1); days (27,7; 23; 17,2; 13,5). 

3. For the solar radio flux at 10,7 cm: in years (1); in 
months (7,5; 6; 4; 2,3; 1,1); days (27,7; 22,8). 

4. For the electron flux with energies >0.6 MeV: in years 
(for 2005 – 2009 y. does’t exist); in months (10; 7,5; 6; 
3,8; 3,2; 2,5; 1); days (26,5; 13,4; 9; 6,7; 5,4). 

5. For the electron flux with energies >2 MeV: in 
years (2,5); in months (7,5; 6; 5; 3,8; 3,2; 1,9; 1,5; 
1,3; 1); days (26,5; 20,5; 16,2; 13,9; 9; 6,8; 4,5). 

6. For the planetary geomagnetic index Ap: in years 
(1,3); in months (7,5; 3,8; 1,9; 1,4); days (26,9; 
13,5; 9; 6,7; 5,4). 

In the resulting periodograms, for indexes of solar 
and geomagnetic activity, for period 2010 – 2014 y. we 
obtained the periods: 

1. For Wolf numbers: in years (2,5); in months (6,7; 
1,9; 1,5); days (26,1; 23,7; 21; 17,2; 16; 15,2; 13,6; 
9,6). 

2. For the total area of sunspot groups: in years (2,7); 
in months (9,1; 6,4; 3; 1,9; 1,5; 1,1); days (28,1; 27; 
25,9; 24,1; 20,4; 18,6; 15,3; 13,9; 6,9). 

3. For the solar radio flux at 10,7 cm: in years (2,5; 1); 
in months (8,6; 3,2; 1,9; 1,8; 1,5); days (26,1; 20,3). 

4. For the electron flux with energies >0.6 MeV: in 
years (1,7); in months (7,5; 5,5; 3,7; 2,2; 1,1); days 
(28,1; 14,5; 12,8; 9,2; 6,7). 

5. For the electron flux with energies >2 MeV: in 
years (1); in months (7,5; 5,5; 3,8; 2,5; 1,5; 1,2); 
days (28,1; 24,3; 26,1; 20,5; 17,4; 14,5; 12,8; 8,9; 
7,1; 6,7). 

6. For the planetary geomagnetic index Ap: in years 
(1); in months (5,5; 3,8; 1,9; 1,5; 1); days (28,5; 
16,8; 13,3; 9; 6,6; 5,4; 4,5). 

 
4.2. Subtract of the trend component 
 
To identify short–components, trend components were 

removed. In order to eliminate the influence of the trend 
components was subtracted the 3–rd order polynomial. In 
the next step was conducted frequency filtering of 
periodicities more than three and one years. 

 
4.3. Calculation  of the spectrograms for data with 

subtracted trend 
 
To identify the time of existence of periodic 

components used program PSELab [3]. As a result of this 
calculations trend periods were found (periods that do not 
retain their values). 

For elliptic orbit satellites: from 10,2 to (=>) 9,7 days; 
12=>13 days; 2,6=>1,3 month; 

and for the circle orbit satellites: from 4,6=>3,7 days; 
6,4=>7,2 days; 13=>11,4 days; 23=>13 days; 28 days 
=>1,1 month; 29,2 days =>1,2 month. 

Spectrograms for the indices of solar and geomagnetic 
activity showed that the identified periods are present on 
all the studied time interval. Spectrograms for the total 
area of sunspot groups show periods from 5,4 to 20 days. 
These periods more clearly visible in the decline phase of 
23–rd solar cycle. 

4.4. Building of multiple correlation models 
 
One of the final stages of data processing is to build 

models of multiple correlation between the B–star Drag 
Term and indices of solar and geomagnetic activity. 
Building of this models consists in finding the regression 
and beta coefficients of model and to find multiple 
correlation coefficients. Models should not contain 
parameters that correlates with each other. Also these 
models must include the total number of factors 
influencing the studied parameter [6]. 

The highest correlation coefficients (between B-star 
and indices of solar and geomagnetic) greater than 0.7, as 
expected from the literature, between the B-star and radio 
flux at 10.7 cm, Wolf numbers and the total area of 
sunspot groups. 

Fig. 4 and 5 show correlation between B-star and the 
solar radio flux at wavelength 10,7 cm for «circle» orbit 
and «elliptic» orbit satellites respectively. 

Correlation coefficients between indices: W, Sp and 
F10.7 is more than 0.87. Therefore, we can’t use these 
indexes together in the model. Thus we have built three 
models which we called (depending on the main 
influencing index): model F 10.7, model W and model Sp. 
The examples of models (for example model F 10.7) are 
shown in Table 2 and Table 3 for circle orbit and elliptic 
orbit satellites respectively. 

 
 

 
Figure 4: Graph of correlation between B-star and radio 
flow at a wavelength of 10.7 cm. 
 
 

 
Figure 5: Graph of correlation between B-star and radio 
flow at a wavelength of 10.7 cm. 
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Table 2. 

 
 
Table 3. 

 
 
 
 

5. Conclusions 
 

As a result of the calculation using the programs: 
OriginPro 8.1, STATISTICA 8 and PSELab have been 
found: 

1) Using Fourier analysis identifies periodic 
components and their presence in the studied time 
interval. 

2) For circle orbit satellites: in the models which 
include F 10.7 multiple correlation coefficient 
greater than 0.8, mostly for all satellite. The models 
which include W have the same picture as in the 
models of F 10.7, only the multiple correlation 
coefficient for the Wolf numbers slightly more than 
0.7. But multiple correlation coefficient of models 
which includes Sp little more than 0.6, but in the 
last two models, the value of the beta coefficient for 
electrons fluxes increased significantly compared to 
previous models 

3) For elliptic orbit satellites: in the models which 
include F 10.7 multiple correlation coefficient is 
slightly more than 0.6, for satellites with NORAD 
numbers: 00011, 00020, 00721, 00932. For other 
satellites multiple correlation coefficient is just 
above 0.2. The main contribution is making two 
parameters: the radio flux at a wavelength of 10.7 
cm, and the electron fluxes with energies >0.6 
MeV. In models which include W and Sp is the 
same picture as in the models which include F 10.7 
only except that increases of contribution from 
electron fluxes with energies >0.6 MeV and the 
planetary geomagnetic index Ap. 

Detected periods with trend probably related to the long 
dynamics of influence of solar and geomagnetic activity 
and tidal phenomena on the upper atmosphere of the 
Earth. 
 

References 
1. Beletsky V.V.: The motion of an artificial satellite 

about the center of mass, M., 1965, 416 p. 
2. Roy A.: Orbital motion, M .: Mir, 1981, 544 p. 
3. PSELab [web resource] / POWER SPECTRUM 

ESTIMATION LABORATORY. – Access mode: 
http://pselab.ru/. 

4. Kelso Ted Frequently Asked Questions: Two-Line 
Element Set Format, 1998. 

5. Komendant V.H., Koshkin N.I., Ryabov M.I., Sukharev 
A.L.: 2015, Odessa Astron. Publ., 28/2, 277. 

6. Mordecai Ezekiel, Karl August Fox Methods of 
Correlation and Regression Analysis, Linear and 
Curvilinear, 1966. – 560 с. 

210 Odessa Astronomical Publications, vol. 29 (2016)



PROBLEM  OF  MISTAKES  IN  DATABASES, PROCESSING  
AND INTERPRETATION  OF OBSERVATIONS OF THE SUN.  

II. SOLAR  FLARES 
 

N. I. Lozitska 
Astronomical Observatory of Taras Shevchenko National University of Kyiv,  

Observatorna 3, Kyiv, 04053, Ukraine, nloz@observ.univ.kiev.ua 
 
 

ABSTRACT. The contribution of space-based observa-
tions of solar flares in the database for the past 50 years 
has increased significantly, almost completely replacing 
the ground observations. The statistical parameters of the 
temporal distribution of solar flares, obtained using 
ground-based and space-based observations, differ signifi-
cantly. We investigated the reasons for these differences 
to be taken into account in the study of flare activity of the 
Sun in the solar activity cycles 21-24. 
Keywords: Sun: – Solar Activity, Observations, Solar 
Flares, Solar Proton Events, correction the datasets.  
 

1. Introduction 
 
Database users often don’t question themselves about 

representativity of material there, about the sunflares in 
particular, even though one can almost always find an 
answer from technical documentation or primary arrays of 
observations. Fairly often the gaps in observation days 
influence the research conclusions essentially. Statistical 
processing of non-uniform series sometimes has been 
causing incorrect results about influence of direction to-
wards the galaxy center or position of Earth, Jupiter and 
Saturn on flare production in active areas. 

 
2. Data of Solar flares  
 

Series of ground-based patrol optical observations of solar 
flares is longer than space one. Data about flares in Hα 
line from 1965 to 2008 there was composed (grouped to-
gether) earlier from reports of ten observatories in Data-
base NGDC NOAA and recently in this database there 
were published results of observations of 24th cycle of 
solar activity for appending to this series. Based on it, we 
have built continuous row of annual number 176357 flares 
in Hα line (1965–2016) which contains 117910 flares in 
period 1976–2016. Continuous uniform series of X-ray 
flares was possible to build only from 1976 [1]. It contains 
54682 solar flares of C, M, X classes, from which 4845 
flares are of classes M and X. Fraction of all optical flares 
are associated with X-ray flares of weaker energy class B, 
however amount of these flares we haven’t been consider-
ing because until 1983 they were not being recorded. 
 

3. The time variations of flares number 
 
The comparison of amount of observed optical and X-

ray solar flare events (SFE) is shown on Fig. 1, from 
which we can see, that until 2000 year number of terres-
trial observations of flares (by patrolling in spectral line 
Hα) was twice as much as total number of observations of 
X, M and C flares by spacecraft, and even more than that 
in first half on 21st cycle of solar activity. During the last 
years number of terrestrial observatories which conduct 
the patrolling of flares has been decreased to four and 
amount of space data has become equal to that of terres-
trial. Partially because of this, and not only due to century 
changes in solar activity, we see the larger decrease of 
amount of observed optical flares (by 4 times) than X-ray 
ones (by 2 times) during 21–24 cycles of solar activity. 

To evaluate influence of astroclimate season changes on 
number of terrestrial registered solar flares a comparative 
analysis of variations of monthly average number of flares 
during numerous years for terrestrial and space observa-
tions (figure 2) was conducted.  

From figure 2 we can see season change of frequency of 
optical flares by terrestrial observations (in july–august 
there are 20% more observed flares, than in February, the 
accuracy of difference existence is over 95%) compared to 
equal by error margin frequency of X-ray flares by satel-
lite observations. Most observatories are situated in north 
hemisphere, hence in summer optical observatories regis-
ter more flares. 

 

 
Figure 1: Annual amount of registered solar flare events 
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Figure 2: Distribution of number of observed optical solar 
flares from 1965 to 2015 and X-ray flares – from 1976 to 
2016. 

 
 
Analogically inter-year fluctuations of astroclimate may 

compromise the uniformity of optical observations series. 
 
4. Data of SPE number 
 
Processing of series of solar proton events data and so-

lar flares showed, that almost every 10th visible solar flare 
on the solar disk of class M or X (which has electromag-
netic energy flux exceeding 10–5 W/m2 in maximum), is 
source of solar proton events. Solar proton events (solar 
particle events–SPE) are proton fluxes, more than 1 pfu (1 
proton per cm2 sr) with energies > 10 MeV at distance of 
1 a.u., which are registered by orbital spacecraft after 
emission of high-energy neutrons and protons by powerful 
solar flares or particle acceleration on front of shockwave 
after coronal mass ejections (CME). Significant part of 
SPE from powerful flares are not registered by orbital 
spacecraft because it travels in interplanetary space at 
large distances from Earth. 

We have built series of annual amount of SPE, based on 
catalogues of electronic library WDС from 1970 to 2009 . 
and using Database SPDF NASA for 2010–2016. The list 
of reliably confirmed SPE in electronic library WDC 
contains 419 events from 1976 to 2006 yy, it is almost 
twice as large as list of events in NGDC NOAA base (225 
SPE for the same time frame). There is no data for 24th 
cycle of solar activity in WDC catalogues yet, so we used 
the results of satellite measurements from NASA SPDF 
database, which contains 357 events from 1970 to 2016, 
and 44 events from 2010 to 2016. 

Statistical analysis showed that correlation relation index 
of annual SPE amount with optical flares in Hα line (r = 0.75) 
is less, then with total amount of X-ray flares of C, M and X 
classes (r = 0.84). Relation of number of SPE with sum of  
X-ray flares of classes M and X is the strongest (r = 0.88). 
 

5. Reconstruction of true number of flares 
 

Though this is strong statistical connection, it should be 
noted that series of number of X-ray solar flares received 
from various spacecraft of GOES series, so it is  necessary  

 
Figure 3: 11-year cycles of solar activity from 21st to 24th 
in number of SPE and solar flares of classes M and X On 
left Y axis–annual amount of SPE (circles), on right–
annual amount of M and X-flares (triangles) and the 
corrected curve of flare number during 1996–2013 is 
shown (rhombs). 

 
 

to confirm its uniformity. To do this we compare it with 
annual amount of SPE caused by powerful flares. 

From figure 3 we see, that during last two cycles of so-
lar activity the plot of amount of SPE goes 1.5 times high-
er than plot of amount of solar flares. Since SPE are 
caused by these same flares, there cannot be such signifi-
cant difference between 23–24 cycles of solar activity and 
21–22. Most likely, the lowered since 1995 evaluation of 
amount of powerful solar flares appears due to inaccura-
cies in calibration of receiver of X-ray radiation, which 
should be considered in further work. The conducted re-
calculation of annual amount of M and X flares after cor-
rection of boundary energy for their classification accord-
ing to correction indices, set for satellites GOES 8–GOES 
15 (Database NGDC NOAA). Results of recalculation are 
shown on figure 3 by rhombs. 

Further work on analysis and correction of data con-
cerning flare activity of the Sun is necessary in catalogues 
and electronic sources, also reevaluation of research pub-
lished earlier on number of flares at various time intervals. 
In particular, the conclusions of series of publications 
concerning low solar activity in 23rd cycle were incorrect. 
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ABSTRACT. One of the methods of determining the ori-
entation parameters of the dynamic and kinematic coordi-
nate systems is to use of long-term series of ground-based 
observations of selected asteroids. For achievement of the 
best accuracy of the link parameters the high precision and 
uniformly covering the asteroids orbit observations are nec-
essary. The analysis of the available observations of se-
lected asteroids was made with usage MPC database. The 
value of the true anomaly at the moment of observation was 
selected as parameter of orbit covering. It is shown that 
there are orbital segments without precise observations. 
This was taken into account when forming the observa-
tional list for the telescope KT-50 (Mobitel complex). 1596 
positions of 50 asteroid have been obtained during 2014-
2016. The comparison of the calculated positions with 
ephemeris obtained by on-line service HORIZONS was 
made. The RMS errors of the differences (O-C) were about 
0.1 arcsec for both coordinates. The comparison of the ob-
tained results with observations of the some ground based 
observatories and Hipparcos satellite shows high accuracy 
and uniformity of Nikolaev asteroid observations. 

Keywords: astrometry, CCD observations, asteroids 
 

1. Introduction 
 
The International Celestial Reference System (ICRS) was 

adopted by International Astronomical Union (IAU) as new 
reference system in 1997. The space catalogs Hip-parcos 
and Tycho were chosen as practical sky realization of this 
system in optical and near-infrared bands (HCRF). 48 as-
teroids have included in final list of objects to be ob-served 
by ESA satellite Hipparcos. They were regularly observed 
during 37 month of missions. 2282 astrometric positions of 
48 asteroids reduced in parallel with the stars in the Hippar-
cos reference system. The one of scientific objective for 
these observations was obtaining of the link between dy-
namic and kinematic reference frames (Hestroffer, 1995). 
However, the results of determination of the link parameter 
using only these observations were not successful for some 
reason (Bougeard, 1995, 1997). The orientation of the dy-
namical ephemerides with an error less than several tenths 

of mas was determined by the complete set of VLBI obser-
vations of spacecrafts (Pitjeva, 2011). It should be noted, 
that small period of these observations allow to get only 
orientation angles. It is need to have long series of observa-
tions for obtaining the rates of change of these parameters. 
In addition, CCD observations, which have widespread use 
in optical astronomy since 1990, could not be processed 
directly with Hipparcos catalog due to small fields of view. 
There were more than 30 catalogs are used as reference 
for astrometric reductions of asteroids. But each of these 
HCRF realizations has its own errors in stars positions and 
proper motions and the orientation of the catalog reference 
frames itself can also have errors. The dynamical system 
that are determined by the theories of motion of major 
planets and asteroids either didn’t take in account the ef-
fect of all known asteroids due to the lack of certainty data 
on their masses. 

Therefore, determining the mutual-orientation 
parameters of these frames and the rates of their changes 
still remains an important modern problem. 

 
2. Program of observations 
 
Currently the Minor Planet Center (MPC, 

(http://www.minorplanetcenter.org/iau/mpc.html) contains 
the most full asteroid position database that can be used for 
study of mutual orientation of dynamic and kinematic sys-
tems. The problem of connection of the dynamic and kine-
matic coordinate system needs the right choice of the aster-
oid list. The observational programs of these asteroids have 
been discussed since last century (Numerov, 1936; Batra-
kov, 1990, 1999). The main selection criterion is the avail-
ability of high-precision long series of observations with a 
uniform filling of a few turns of the orbit. 

The KT-50 observational program is combined on the 
base of the next overlapping lists: 

а) list of 48 asteroids that have been included in 
Hipparcos program. There are 2282 positions in MPC 
with code 248 (Hipparcos); 

b) list of 343 asteroids, whose masses are included in 
parameters of JPL dynamical model of motion; 
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c) list of 15 selected minor planet, that was adopted by 
IAU for observations to determine the orientation of the 
stellar reference frame relative to the dynamical one. 
Photographic observations of “h”-level accuracy of 12 
asteroids from this list have been made at Nikolaev Zonal 
astrograph during more than 30 years. 

There were selected 308 asteroids taking into account 
the visibility conditions and the characteristics of the KT-
50 telescope. For all of these asteroids the samples with 
positions were chosen from MPC database. The majority 
of these asteroids have a long history (of over 100 years) 
of observations. It should be noted, that positional accu-
racy is very different depending on epoch of observations, 
place of observation, completeness of astrometric reduc-
tion etc. The evaluation of the accuracy of individual ob-
servatories in one period was obtained with usage of the 
file residuals.txt available at MPC web-site 
(http://www.minorplanetcenter.net/iau/special/residuals.txt)
. The analysis of the uniformity of the distribution of obser-
vations along the arc of the orbit was performed for all as-
teroid positions in samples and only for positions for which 
the value of root mean square error (RMS) of the (O–C) 
differences in residuals.txt file does not exceed 0.3. 

As a parameter which indicates the uniformity of filling 
orbit by observations was selected the value of true 
anomaly. True anomaly at epoch defines the position of 
the orbiting body along the ellipse at a specific time (the 
"epoch"). The values of true anomaly were calculated with 
on-line service HORIZONS of Jet Propulsion Laboratory 
(http://ssd.jpl.nasa.gov/horizons.cgi). 

The histograms of true anomaly distributions for 
(1) Ceres, (18) Melpomene and (150) Nuwa asteroids are 
presented in Figure 1 as an example. It is easy to notice, 
there are segments of the orbit not filled with observa-
tions, especially in the histogram corresponding high-
precision observations. These so-called “windows” are 
take in account for creation of observational program. It 
should be note, the majority of high-precision positions 
relate to CCD-observation obtained after 1990 year, so 
Figure 1 shows necessity to continue accurate optical ob-
servations of the asteroids from foregoing lists. 

 
3. Observations and Reductions 
 
The observations of selected asteroids were carried out 

at telescope KT-50 (Mobitel complex) of Nikolaev Astro-
nomical Observatory (observatory code 089). The tele-
scope KT-50 (D=0.5 m, F=3.0 m) has begun regular ob-
servations of selected asteroids and NEO objects since 
2011 (Ivantsov, 2012). The CCD camera Alta U9000 
(3056x3056 pix, 12x12 mkm2) of Apogee Imaging Sys-
tems allows us to get frames with 42.0'x42.0' field of view 
with 0.83″/pix of scale. The observations were carried out 
in time delay and integration mode with time of exposure 
60-85 seconds using R filter close to R photometric band 
of Johnson-Cousins-Bessel system. The astrometric reduc-
tions of observations were made using Astrometrica 
(http://www.astrometrica.at) software. Model of linkage 
of 4th order polynomial between measured and tangential 
CCD coordinates was chosen. The UCAC4 catalog was 
used as reference catalog for processing of all data. 

1596 positions for 50 selected asteroids were measured 
from the observations during 2014-2016 at the telescope 
KT-50. The equatorial coordinates of the asteroids at the 
epoch of observation were obtained as result of standard 
astrometric reductions. We have used the catalogue 
UCAC4 as the reference astrometric catalog for reduction. 

We have made the comparison of observed positions 
(O) with the calculated ephemeris (C) provided by on-line 
service HORIZONS and have calculated the residuals 
(O−C) in both coordinates. Since the observational time 
for a series of frames for one object usually did not exceed 
20-40 min, the object position in the series of frames ob-
tained during one night were calculated with a constant set 
of reference stars and practically in one point of the orbit. 
These circumstances exclude the systematic component of 
error connected with the reference catalog and the orbital 
motion and allow us to use the mean RMS of the (O–C) 
differences for one series of observations as an evaluation 
of the internal accuracy of our measurements. The mean 
internal accuracy of a single position is 0.061″ in right 
ascension and 0.055″ in declination for the selected aster-
oids in range of 10.5-15.5m. It's a little better than normal 
mean accuracy because the selected objects are bright 
enough, which made it possible to obtain the asteroid im-
ages with high signal to noise ratio. The obtained results 
of (O–C) differences in right ascension and declination 
and their RMS for some asteroids with long series of ob-
servations are given in Table 1. 

To estimate external accuracy of our observations and 
to compare our results with other observatories open data-
base AstDys-2 (http://hamilton.dm.unipi.it/astdys/) was 

Figure 1: The distribution of the true anomaly value for 
a) (1) Ceres, b) (18) Melpomene, c) (150) Nuwa. Grey 
color correspond all MPC positions, black – only 
selected positions for which mean annual RMS of (O–
C) differences less than 0.3″. 
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used. AstDys-2 contains dynamical information for aster-
oids from MPC database including differences (O–C) for 
each position. The samples of records corresponding to 
observations of the Hipparcos program asteroids were 
chosen from AstDys-2 for the some good in astrometric 
sense observatories. Only CCD observations are taking in 
account for calculations. The observations of the all pro-
gram asteroids obtained during 2014-2016 years were 
used for Nikolaev observatory table data. The statistical 
comparison results are given in Table 2. The mean values 
of the (О−С) differences and their RMS were calculated 
with usage 3-sigma criteria. The number of outliers is not 
exceeds 3% of the total samples. 

It can be seen that external accuracy of the modern 
ground-based CCD observations not worse than Hippar-
cos accuracy was. The mean values of the external accu-
racy for Nikolaev observations are 0.09″ and 0.10″ in right 

ascension and declination, respectively. This value is 
comparable with the precision of the best ground-based 
positions definitions. 

 
Conclusions 
 
The program of asteroid observations to determine the 

orientation parameters of the dynamic and kinematic 
coordinate systems was formed. It takes into account the 
uniformity of the distribution of already available 
observations along the orbit arc. 

The database of 1596 accurate topocentric positions for 
50 asteroids was obtained. Mean precision about 0.1″ in 
both coordinates were achieved. 

The comparison of the obtained observations with obser-
vations of space mission Hipparcos and some ground-based 
astronomical observatories was made. The results have 

Table 1. Differences (O−C) and their RMS for the asteroids with long observation series. 

Time period RA Dec Asteroid 
name 

Number of 
images/series begin end O−C, ″ σα, 

″ O−C, ″ σδ, 
″ 

mag 

113  
Amalthea 114/8 05-07-2015 26-09-2015 0.039 0.059 -0.001 0.054 11.59-12.58 

*129 
Antigone 29/2 18-03-2014 21-03-2014 0.078 0.027 0.024 0.03 11.81-11.83 

334  
Chicago 149/11 02-07-2014 30-10-2015 0.031 0.059 0.033 0.052 13.2-14.1 

*349 
Dembowska 18/2 18-03-2014 21-03-2014 0.009 0.044 0.002 0.023 10.6-10.74 

*451 
Patientia 15/1 21-03-2014 -0.065 0.046 0.015 0.041 11.84 

*704 
Interamnia 30/2 18-03-2014 21-03-2014 0.081 0.042 -0.033 0.032 11.77-11.87 

714  
Ulula 247/4 03-08-2014 31-09-2014 0.020 0.048 0.079 0.036 13.74-14.08 

778  
Theobalda 80/6 02-08-2014 30-10-2014 0.019 0.058 0.004 0.047 14.45-15.18 

1171  
Rusthawelia 60/4 12-08-2014 30-10-2014 -0.006 0.044 0.061 0.041 13.61-14.33 

909  
Ulla 59/4 01-04-2014 26-07-2015 0.034 0.063 0.088 0.048 13.63-14.71 

Average    0.049  0.040  

* The asteroids are from list of observational program of Hipparcos space mission. 

Table 2. Differences (O−C) and their RMS for the samples selected by observatory code. 

Time period RA Dec 
Observatory code Number of 

asteroids 
Number of 

observations begin end O−C, ″ εα, 
″ O−C, ″ εδ, 

″ 

*089 
Nikolaev 50 1596 03-2014 4-2016 0.023 0.090 0.048 0.101 

248 
Hipparcos 48 5096 11-1989 03-1993 -0.071 0.114 -0.000 0.073 

673 
Table Mountain 

Observatory 
48 3812 05-1997 07-2016 -0.004 0.074 0.003 0.059 

689 U.S. 
Naval Observatory, 

Flagstaff 
48 18304 10-1994 05-2014 -0.006 0.082 -0.002 0.089 

999 
Bordeaux-Floirac 17 202 04-1997 08-2005 -0.034 0.068 -0.005 0.098 

* Data were calculated over all observed asteroids for 2014-2015 at KT-50 telescope of Mobitel complex RI NAO. 
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been shown the high level of accuracy of the KT-50 Ni-
kolaev observations that is comparable to Hipparcos level 
of accuracy and the other ground-based observatories. 
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ABSTRACT. In paper the equipment, images analysis 

techniques in the frame and the method of the satellite 
brightness estimation in the standard photometric system 
are describes. Within two years, on the KT-50 telescope 
were obtained measurements of about two hundred objects 
in more than 2,000 passages. The results of statistical 
analysis of actual data observations array in 2015 and 
2016 are given. 

 
1. Introduction 
 
The observation of  celestial bodies in near-Earth space 

solves two main tasks:  
1. The space control, ie tracking and monitoring of 

active and inactive satellites and space debris in order to 
ensure security and the possibility of space flight (as a 
component of "space situational awareness").  

2. The development of a entirely scientific ideas about 
the motion of bodies in near-Earth space, that is the nature 
of the forces that determine the movement of these bodies. 
Accumulation of the high quality observations allows you 
to build better models of the motion of bodies and analyze 
the nature of motion of bodies and the factors influencing 
this movement. 

To control the movement of bodies in near-Earth space 
are apply various methods for their observation. Co-
processing of these observations may allow to improve 
significantly the results of the study of these objects 
despite the significantly different methods of monitoring 
the same space objects. However, for the successful 
integration of various observations it is very important to 
know the particularity and accuracy of this. 

On Earth orbits there is a significant number of defunct 
satellites that can not be observed by laser ranging. In 
addition, most of the space objects are an different 
fragments of previously launched artificial bodies, which 
also can not be monitored by laser ranging means. 
Therefore, they can be observed by active radars and 
passive optical telescopes. The advantages of expensive 
radars is the mass character of observations, all-weather, 
the continuity and the ability to measure the distance to 
object. The advantages of the optical means are an lower 
energy consumption and lower cost of the observation 
complex, better angular resolution, and passivity 

(stealthy). This allows you to quickly deploy a large 
number of optical observation means (Shulga et al., 2015). 

 
2. Objective 
 
In the case of optical observations of space objects 

typically use two main strategies. The first is the satellite 
observation during short intervals, and accordingly the 
short arc (staring mode) (McGraw et al., 2015). The 
second strategy is the continuous tracking of the satellite 
along its apparent path (tracking mode) (Gasdia et al., 
2016; Shakun & Koshkin, 2014). The first strategy 
provides significant savings in observation time for MEO 
and GEO objects which have a low apparent speed, at an 
equivalent the object orbit accuracy determination. For 
low-orbit objects whose apparent movement speed is high, 
the first strategy does not provide any significant 
advantages. Moreover the second strategy provides an 
opportunity to obtain long and continuous photometric 
observations and allows to obtain continuous series of 
pointing data, which in turn provides information on the 
standard deviation and local trends systematic differences 
between the model and satellite motion. 

This paper discusses the observations of space objects 
received in the tracking mode. The observations were 
made during 2015-2016 in the Institute "Astronomical 
observatory" of the Odessa National Mechnikov 
University. This paper presents an overview of the 
astrometric and photometric observations, the method of 
obtaining and processing of observations, as well as 
statistics characteristics of the measurements. 

 
3. Equipment 
 
The KT-50 telescope (Fig. 1) is equipped with a digital 

angle encoders on axes and GPS-receiver for time 
measurements. In main focus of the telescope mounted 
CCD camera Watec-902H2 Sup, working in the TV 
standard mode of 25 frames/s interlaced (50 fields per 
second) to record a video file with the satellite image.  For 
focal distance of 2.0 m field of view is about 12x9 arcmin. 
The scale of frame 768x576 is equal about 1 arcsec per 
pixel. 
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Figure 1: (Right) – Alt-azimuthal KT-50 telescope (photo); (Left) – Optical scheme of telescope. 
 
 

The in-frame background stars are blurred when 
tracking the satellite. Therefore, the exposure 
accumulation can not be used to extract images of faint 
stars above the level of the sky background.  To detect the 
faint stars over the noise level the low-pass filtering of the 
image is used.  

This filter is constructed as a result of the convolution of 
two filters: low-pass Gaussian filter (with the width equal h 
and a standard deviation equal h/3) and the Π-shaped filter 
along the direction of the satellite motion (with the length 
equal to the anticipated shift of the satellite during frame 
exposure). After filtration, the standard deviation of the 
noise decreases by 2 times, which makes it possible to 
identify additional faint stars and a blur of the image stay 
moderate. Limiting magnitude of detected moving objects 
is equal to 11m in the V-band (at an average angular speed 
of the telescope motion). 

To determine the time of the mid exposure we using an 
original technique. It consists in coding of second pulses of 
GPS-receiver and mixing them into a video stream 
(Dragomiretsky et al., 2013; Shakun & Koshkin, 2014). 

In this case, the random error in the determination of 
registration time is less than 0.0001 seconds. To estimate 
the systematic shift between the time of the middle of 
frame exposure and the time of his transfer to the video 
stream, we use a comparison of the measured coordinates 
of the satellites and its ephemerides by ILRS – 
international laser ranging network (Kara, 2009/2010). An 
estimate of the systematic shift was about 0.01 seconds. 
This result agrees well with the analysis of the timing 
diagrams of video camera Watec-902H2 Sup 
(Dragomiretsky et al., 2015). 

 
4. Processing of video sequences  
 
All of the observations in this study were obtained in 

the video mode, the exposure duration 0.02 seconds. 
Method of determining the coordinates of objects in frame 
is described in early paper Shakun & Koshkin (2014). 
Estimation of the standard deviation of the object 
placement in the frame is in the range of 0.3 pixel for 
objects with high signal to noise ratio up to 0.9 pixel for 
objects with a signal to noise ratio of less than 3.  

The determination of topocentric equatorial coordinates 
of the star in the reference catalogue system (J2000.0) is 
performed as follows. 

1) In the frames containing three or more star-like 
objects is performed the identification with the objects 
configuration in catalogue (in the vicinity of the sight 
direction). If among the star-like objects in the frame SO 
can be isolated, its image is erased before the 
configuration identification. 

2) For all frames, in which it possible to identify two or 
more objects with a reference stellar catalog are computed 
corrections to the sight direction of the telescope. 

3) The slope of the frame coordinate system was 
specified always if identification by 3 to 5 stars. Are 
specified the coefficients of the transform of the frame to 
the celestial coordinate system in the plane if a more than 
6 objects was identified. 

4) The corrections to the telescope sight direction are 
smoothed by approximating high rigidity cubic spline. 

5) Are specified the sight directions for all frames. 
6) Re-procesed all frames. The SO' position in the 

current frame is predicted based on the information about 
the its places in several previous frames. 

7) For frames in which is possible to identify at least 
one star-shaped object with a reference catalogue the 
estimate topocentric coordinates of the satellite was done 
based on the average of the coordinate system in the 
frame. (SO previously deleted on all frames). 

All obtained topocentric coordinates of satellite was 
approximated with use Kepler or SGP4 orbit. Erroneous 
estimates of the satellite coordinates are rejected. 

 
5. Method of photometric measurements processing 
 
Method of initial processing of satellite photometric 

observations using analog CCD-camera thoroughly 
described in the (Shakun & Koshkin, 2014). The 
brightness of all star-like objects in images is estimated in 
terms of luminance volume. Transformation to the 
magnitudes is performed as follows. 

The estimates of photometric characteristics of satellite 
based on comparison with measurements of catalog stars. 
The process can be divided into three stages. First – a 
linearization of the measured brightness scale. Second – a 
determination of the extra-atmospheric magnitude of all 
observed (measured) objects. Third – the transformation 
of the objects magnitude in the ‘hardware’ photometric 
system to the standard photometric system. 
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The measured brightness of all the stars in dependence 
on the catalog magnitudes is not linear, and to the scale 
correction are use the following formula: 

c
const
Volb

const
Volam 






 lg5.2lg5.2*

2

 , 

where Vol – "volume" of point source image on the CCD 
frame, m is its instrumental magnitude obtained using 
constant: a = – 0.188001, b = 0.563329, c = 0.587, const = 
280000, which values obtained in advance. 

The obtained instrumental magnitudes are distorted by 
absorption in the atmosphere and must be corrected by 
reduction to extra-atmospheric magnitudes. For this are 
determined a spectral extinction coefficient. For broadband 
photometric system, as our case, there is a dependence of 
the atmospheric extinction from the energy distribution in 
the spectrum of the star and its color-indeces. 

Given these factors, the formula for atmospheric 
extinction is a complex function, which dependent also on 
the air mass M(z) and color-index (B-V) of the object and 
can be represented by the formula: 

  )())(())(( 2
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where K0 is the coefficient of extinction. To determine 
coefficients K0 ,, K1,  we used the method of successive 
approximations. By usage these coefficients was 
calculated of the extra-atmospheric magnitudes of 275 
stars that measured in our photometric system. 

However, change the sensitivity of a detector, 
temperature and other factors are lead to change of 
photometric system. Even more it refers to 
measurements taken at different times in different 
observatories using different equipment. This requires 

to carry out the transformation of the our photometric 
system to some standard system. The relations between 
the photometric systems is generally regarded as a 
function of magnitude and color-indices Ci: 
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In our case, photometric system is the wide not-
standard band, so we will use conversion rates to standard 
V system. The measurements and calculations showed 
that relationship between the magnitudes of the standard 
photometric system (mv) and magnitudes of our system 
(mo) is close to the linear. Therefore we made the 
transformation using the following relationship: 

)()(10 RVQVBQmQQm rb
o

v  . 

The solution of system equations for all the stars 
having the extra-atmospheric magnitudes give us the 
transformation coefficients Q0, Q1, Qb, Qr. We find 
maximum spread of vm  is ± 0.1 mag, and standard 
deviation – 0.05 magnitude. These values are satisfactory 
for CCD photometer with sensor that works in TV-mode. 

Thus, this relationship allows to determine of extra-
atmospheric magnitude of artificial satellite in the 
standard photometric system V. For this as a color-indeces 
of satellite the solar color-indeces was used. The 
compelled assumption is accepted the satellite color are 
"gray" on average, which of course there is wrong, but  
distort the light curve of satellite unsignificantly.  

The final step to obtain the standard light curve of 
satellite, regardless of the distance to it, is "ranging" to a 
standard distance of 1000 km  

15lg*51000  Rmm vV . 

 

    

Figure 2: (a) – The frequency distribution of the photometric measurements number during single pass.  
 (b) – The frequency distribution of the number of pointing measurements of satellite during single pass (in 2015-2016). 
 

      

Figure 3: (a) – The frequency distribution of the maximum angular velocity of targets in the culmination.  
(b) – The frequency distribution of the maximum angular velocity of telescope in the azimuth  movement. 
 

a) b) 
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6. Overview observations in 2015-2016 
 
Below, are provide a brief general information about 

SO observations received in the past two years. In 2015, 
on the KT-50 telescope the observations of 182 targets in 
1133 passages were obtained. Among them, 136 targets is 
a different payloads observed in 929 passages, and 46 is 
the last stages of vehicles (r/b), observed in 204 passages. 
In 2016, the observations of 157 objects were obtained in 
974 passages during 65 nights. 

To characterize the observation process, we consider 
some statistical parameters of the total array of the 
measurements in the 2015 and 2016. Fig. 2,a shows the 
frequency distribution versus the length of the brightness' 
arrays obtained in one pass. That is, the length of the 
photometric arrays ranged from zero to 2000 measuring in 
approximately 25 passages. But more often (in 195 
passages) the number of measurements of the brightness 
during one passage was from 6000 to 8000 in 2015, and 
from 4000 to 6000 measurements in the 174 passages in 
2016. Fig. 2,b shows the frequency distribution versus the 
number of astrometric measurements in the one pass. 
Since the background stars can not be measured in every 
frame of the video sequence, the number of SO coordinate 
measurement is substantially smaller than the photometric 
measurement, and the maximum of distribution  is in the 
range from 1000 to 2000 measurements for both periods. 

The KT-50 telescope is the specialized high-speed 
device, accordingly are observed among us to many 
objects moving at low altitudes above the Earth's surface. 
The distribution of the maximum of apparent speeds for 
passage to characterize the satellite speed in Fig. 3,a 
shown. As can see, most of the apparent angular velocity 
in the culmination is between 0.4 to 0.5 degrees per 
second, and in extreme cases exceed 1.2°/sec. However, 
for a biaxial mounting important characteristic is the 
maximum speed of telescope movement on one of the 
coordinates. Fig. 3,b shows the observed frequency 
distribution of maximum angular velocity of azimuthal 
telescope movement. In most cases (nearly 250 passages 
per year) in our observations this rate ranged from 0.25 to 
0.5 degrees per second. But in many passages of the 
rotational speed of the telescope reaches 2.5 degrees per 
second, and in rare cases – 4.75 degrees per second. This 
index shows the limiting capabilities of the telescope for 
tracking of lowest LEO. 

7. Conclusion 
 
Tracking mode does not involve mass monitoring of 

many LEO space objects. The purpose of these 
observations to obtain very precise measurements of the 
position of the satellite (space debris) and its brightness 
throughout the visible arc over the observation point. 
These measurements can be used later to refine the orbit 
of the satellite and to development of movement theory 
considering their own rotation. The precise measurement 
of time is an important component of the high-quality 
measurements of the position and brightness of satellite. 
In this paper, images analysis techniques in the frame and 
the method of the satellite brightness estimation in the 
standard photometric system were describe. Within one 
year on the KT-50 telescope are always obtained a 
measurements of about two hundred objects in more than 
1,000 passages. The results of statistical analysis of actual 
data observations array in 2015 and 2016 are given. This 
project was supported by the Ministry of Education of 
Ukraine, and, in part, with the support of the Main 
astronomical observatory of NAS of Ukraine. 
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ABSTRACT. Today the following types of resonances 
in the rotation of celestial bodies in the solar system are 
known, namely orbital, spin-orbit and spin-spin 
resonances. This paper presents our computations of these 
types of resonances for the known binary and multiple 
asteroid systems. 

Key words: asteroid, asteroid system, resonance. 
 

 
1. Problem statement 

 
Resonances in the solar system have been known for a 

long time. They are found when investigating the orbital 
elements of Jupiter and Saturn, Neptune and Pluto, and 
they exert considerable perturbations in the motion of 
these planets. The moon resonances have been discovered 
in such systems as the Jupiter, Saturn, Uranus, Neptune 
and Pluto systems. The asteroid belt also has resonance 
structure; the Kirkwood gaps are associated with asteroid 
resonances with Jupiter. Trans-Neptunian objects also can 
be in resonance with Jupiter and Neptune. The objective 
of the author is to show the presence of different types of 
resonances in the currently known asteroid systems. 

Different authors have already shown the causes of 
occurrence and stability of resonances in the solar system 
(Murray and Dermot, 2010), and in particular, in near-
Earth asteroids (Fang and Margot, 2012). The spin-spin 
resonances in the solar system have also been studied 
(Batygin and Morbidelli, 2015). In this paper we examine 
resonances in asteroid systems based on earlier results 
obtained by different authors. 

 
2. Orbital resonance 

 
If the orbital periods of two moons of an asteroid are 

related by a ratio of small integers, such moons are in 
orbital resonance.  

Let us consider orbital resonances in 11 known triple 
asteroid systems. The asteroid moons’ orbital resonance 
ratios computed by formula (1) within the measurement 
accuracy are given in Table 1. The moons of Haumea 
(minor-planet designation 136108 Haumea) are not in 
orbital resonance. 

1 1 2 2 0N P N P        (1), 

where N1 and N2 are the orbital resonance ratios of the 
first and second moons, respectively; P1 and P2 are the 

orbital periods of the moons. The orbital and spin periods 
of the asteroid moons, as well as spin periods of central 
asteroids were taken from Johnston's Archive: 
http://www.johnstonsarchive.net/astro/asteroidmoons.html. 

 
Table 1. Orbital resonances of triple asteroid moons 

Asteroid systems NPeriodSatelliteBeta : 
NPeriodSatelliteGamma 

(45) Eugenia 3:8 
(87) Sylvia 3:8 
(93) Minerva 6:13 
(130) Elektra 1:5 
(216) Kleopatra 1:2 
(2577) Litva 143:1 
(3749) Balam 1:44 
(47171)1999 TC36  53:2 
(136617) 1994 CC 7:1 
(153591) 2001 SN263 1:9 

 
Let us examine each of these asteroid systems, as well 

as the evolution of the asteroid moons, in more detail. For 
this purpose a numerical model of the moons’ motion in 
the asteroid-centric Cartesian coordinate system was 
developed. The motion equations (2) were integrated by 
the 15th order Everhart numerical method (Bazyey and 
Kara, 2009); the coordinates of planets were taken from 
the numerical ephemerides DE431 (Folkner et al., 2014). 
We also accounted of the non-sphericity (i.e. the polar 
oblateness which is too approximate for the bodies with 
irregular shape – asteroids) of the central asteroid’s 
gravity field (Troianskyi, 2015) and solar radiation 
pressure on the moons in these asteroid systems 
(Troianskyi and Bazyey, 2015): 

2

2 U P L
d r a a a
dt

  
   

    (2), 

where r


 is the radius vector; t  is the time; Ua


 is the 
acceleration due to the non-sphericity of the central 
asteroid’s gravity field; Pa


 is the acceleration due to the 

gravitational interaction with the solar system planets; La


 
is the solar radiation pressure induced acceleration. To 
account of the acceleration due to the gravity field of the 
oblate central asteroid, the second zonal harmonic 
coefficient (J2) should be computed using the algorithm 
suggested earlier (Troianskyi, 2015). The obtained 
coefficients J2 for the central asteroids are given in Table 2. 
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Table 2. The second zonal harmonic coefficients J2 for the 
selected asteroid systems 

 
Asteroid systems J2 Error 

(45) Eugenia -0.01362 +0.00038 
-0.00043 

(87) Sylvia -0.05319 +0.00003 
-0.00024 

(93) Minerva 0 0 
(130) Elektra -0.00946 +0.00108 
(216) Kleopatra  -0.00138 
(136617) 1994 CC -0.01339 +0.00019 

-0.00001 
(153591) 2001 SN263 0 0 

The changes in Keplerian elements of the asteroid 
moons were obtained by the integration of the motion 
equations. According to Kepler’s modified third law (3) 
the square of the orbital period is directly proportional to 
the cube of the semi-major axis and only depends on this 
orbital element. The evolution of asteroid systems exhibits 
periodic changes in semi-major axes of asteroid moons; as 
a result, the ratios of their periods remain unaltered not 
affecting their resonances. 

 

3/ 2

1/ 2
2

A St

aP
k m m





   (3), 

where P is the moon’s orbital period; а is the semi-major 
axis of the moon; k is the gravitational constant; mA and 
mSt are the masses of the central asteroid and its moon, 
respectively. 

3. Spin-orbit and spin-spin resonances 

If the spin period of the main asteroid or its moon and 
the moon’s orbital period are related by a ratio of small 
integers, then such an asteroid system is in spin-orbit 
resonance. A special case of the spin-orbit resonance with 
the ratio of 1:1 is called tidal locking or captured rotation. 
Table 3 presents the results of computations of the spin-
orbit resonances of the moons of binary and multiple 
asteroids using formula (1) where P1 is the spin period of 
the main asteroid or its moon; P2 is the moon’s orbital 
period; N1 and N2 are the orbital resonance ratios. It is 
incorrect to speak about spin-orbit resonance in the 
(88611) Teharonhiawako and 2003 QY90 systems as their 
period ratios are large and exceed 1000:1. 

The type of resonance when the spin period of the main 
component and the spin period of its moon are related by a 
ratio of small integers is called spin-spin resonance. Some 
examples of such systems are presented here below (Table 
3). 

Table 3. Spin-orbit and spin-spin resonances in the selected asteroid systems 

Asteroid systems NSpinSatellite : 
NPeriodSatellite 

NSpinAsteroid : 
NPeriodSatellite 

NSpinAsteroid : 
NSpinSatellite 

(90) Antiope 1:1 1:1 1:1 
(809) Lundia 1:1 1:1 1:1 
(939) Isberga 1:1 9:1 9:1 
(1139) Atami 1:1 1:1 1:1 
(2006) Polonskaya 3:1 6:1 2:1 
(2478) Tokai 1:1 1:1 1:1 
(2577) Litva 6:1 13:1 2:1 
(3309) Brorfelde 1:1 7:1 7:1 
(4868) Knushevia 1:1 4:1 4:1 
(4951) Iwamoto 1:1 1:1 1:1 
(5381) Sekhmet 1:1 5:1 4:1 
(5426) Sharp 1:1 5:1 5:1 
(7369) Gavrilin 1:1 1:1 1:1 
(8474) Rettig 1:1 1:1 1:1 
(15430) 1998 UR31 1:1 9:1 9:1 
(16525) Shumarinaiko 1:1 6:1 6:1 
(16635) 1993 QO 16:1 4:1 1:4 
(18890) 2000 EV26 1:1 4:1 4:1 
(27568) 2000 PT6 1:1 5:1 5:1 
(66391) 1999 KW4 1:1 6:1 6:1 
(69230) Hermes 1:1 1:1 1:1 
(88611) Teharonhiawako - - 1:1 
(175706) 1996 FG3 1:1 6:1 6:1 
(285263) 1998 QE2 24:1 7:1 1:4 
(311066) 2004 DC 3:1 9:1 3:1 
(399307) 1991 RJ2 1:1 5:1 5:1 
(399774) 2005 NB7 1:1 4:1 4:1 
2003 QY90 - - 2:1 
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If the main asteroid and its moon are in a 1:1 spin-spin 
resonance, it is said that the system has reached the state 
of completed tidal de-spinning of its components (Murray 
and Dermot, 2010). At the close of tidal de-spinning the 
main asteroid and its moon are always facing each other 
with the same side. 
 

4. Results 
 

The computations show that the moons in 10 out of 11 
known triple asteroid systems are in orbital resonance. 
The numerical integration has shown that neither the 
effects of the non-sphericity of the main asteroid’s gravity 
field nor the solar radiation pressure on the asteroid’s 
moons can result in changes in the orbital resonances of 
the moons in these systems. If the asteroid systems do not 
approach to large planets in the solar system, such 
influence is of periodic nature. A case of close approach 
and destruction of systems was discussed in our earlier 
study (Troianskyi et al., 2015). 

Most of the investigated binary and multiple asteroids 
are tidally locked. It means that the same side of a moon 
always faces the main asteroid. The most famous example 
of tidal locking in a planet-moon system is the Earth-
Moon system. 

Nine out of 36 studied asteroid systems are in the state 
of tidal de-spinning completed. An example of such a 
system is the Pluto-Charon system. 

In the asteroid systems (66391) 1999 KW4, (88611) 
Teharonhiawako and (153591) 2001 SN263 the moons 
rotate about the central asteroid in retrograde orbit, i.e. in 
the opposite direction relative to the central asteroid’s 
spinning, which results in decreasing semi-major axis of 
the moon as shown by Murray and Dermot in their study 
(Murray and Dermot, 2010). An example of such system 
is the Neptune-Triton system. 
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ABSTRACT. Brown and Batygin informed on indirect 

evidence of existence of the ninth planet in Solar System 
(SS). Some evidence pointing on its possible mass in 10 
Earth’s mass; its distance from Sun at perihelion can be 
~200AU, at aphelion 600-1200AU, and orbital period about 
15000 years. Authors suggest that in early SS about 4.5 
billion years ago, planet has been pushed out of the field of 
planets formation near the Sun. But all these conclusions 
are based on computer calculations of orbits of several 
known trans-Neptunian objects (TNOs), including Sedna, 
2004VN112, 2012VP113, 2010GB174, 2007TG422, 
2013RF98. We draw attention to the fact that these 6 TNOs 
found at perihelion, when their brilliance for terrestrial ob-
servers be maximal, and orbital speed was greatest.  

But just only after 50-100 years, they depart from this 
convenient location in space to open them. And then for 
thousands years, these objects will move in remote parts of 
their orbits. Our estimates show that the actual number of 
TNO with the same orbits as 6 taken into account in calcu-
lations objects should be several orders of magnitude 

greater. But for the moment they are invisible for terrestrial 
observer, because they are very far from perihelion point. 
Therefore, on the basis of purely probabilistic assumptions, 
it should be very large number of TNOs with very eccentric 
orbits. Then real results of calculation for the entire ensem-
ble of existing remote objects is strikingly different from 
the primary. And therefore problem of ninth planet is still 
on the agenda. Most likely, it is necessary to raise the ques-
tion of finding the many thousands of TNOs on highly 
elongated orbits, and very far from terrestrial observer. 

Keywords: Trans-Neptunian objects: Kuiper belt: 9-th planet 
 

The distinctive orbital alignment observed within the 
scattered disk population of the Kuiper belt, remains 
largely unexplained (Vidmachenko, 2005, 2015, 2016c, d, 
e, g). In January 2016 M. Brown and K. Batygin informed 
(Batygin et al, 2016) on the indirect evidence of existence 
of the ninth planet in the Solar System. They are talking 
about circumstantial evidence pointing to its possible mass

      
Figure 1: Orbits of TNOs and of possible planet. 
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in 10 times the mass of the Earth; its distance from the 
Sun at perihelion can be ~200 AU at aphelion – 600-1200 
AU and orbital period – about 15 thousand years.  

The authors suggest that in the early solar system about 
4.5 billion years ago, the planet has been pushed out of the 
field of formation of planets near the Sun (Vidmachenko, 
2009, 2016a, b, f, Vidmachenko et al., 2013b,  2014); and 
then it slowed down by the gas and "settled" on a remote 
elliptical orbit. But all these conclusions about the planet 
are based on computer calculations of the orbits of several 
known trans-Neptunian objects (TNOs), including Sedna, 
2004VN112, 2007 TG422, 2010GB174, 2012VP113, 
2013 RF98 (Table 1). M. Brown and K. Batygin assumed 
that the orientations of orbits of these objects are arranged 
so that they have to be influenced by of existence of a 
large unknown body. This may be a new planet, acting on 
these objects by a powerful gravitational field.  

 
Table 1: Tans-Neptunian objects with large aphelion. 

Objects Perihe-
lion,  
AU 

Aphelion, 
AU 

The size, 
km 

Distance 
from the Sun 

at time of 
discovery,  

AU 
Sedna  76,315  1006,54 995 ± 80 89,6   2003 
2010 GB174 48,7 654 130 – 300 70,8   2016 
2012 VP113  80,6  446 300–1000 83      2014 
2007 TG422 35,6 967 343 37      2007 
2004 VN112 47,3 607  47,3   2009 
2013 RF98 36,28 600 50-110 36,5   2016 

 
We draw attention to Fig. 1, which shows the orbit of 

TNO and possible unknown planet X. And, above all, we 
point out their place in orbit in moments close to their 
discovery.  

When they were discovered, all of them were located 
quite close to the perihelion. In this case, whereas their 
brightness is maximized for the terrestrial observer - and 
the orbital speed was the largest (Vidmachenko et al., 
2012, 2013b, 2014). But after only some 50-100 years, 
they depart from this convenient location in space for their 
possible discoveries. And then for many thousands of 
years, these objects will move in remote areas of their 
orbits.  

In this regard, our estimates show that the actual num-
ber of TNOs and comet’s nucleus on the same, or similar 
orbits, as well as for the 6 objects, which have been taken 
into account in the calculations in (Batygin et al., 2016), 
must be several orders of magnitude larger (Churyumov et 
al., 2013, 2014, 2015, 2016a, b, c, Vidmachenko 2005, 
2016a, d, Vidmachenko et al., 2013a). But at the moment 
they are invisible to the terrestrial observer, because they 
are at a very great distance from the perihelion. Due to the 
enormous eccentricity of the orbit on the rate at places 
away from perihelion - significantly less than the current 
speed near perihelion for the several newly discovered 
TNOs (Table 1.)  

Thus, on the basis of purely probabilistic assumptions, 
the number of TNOs on very elongated orbits, should not 
amount to tens and units, and they should be a lot of tens 
of thousands (Vidmachenko et al., 2012, 2013a, 2014). 
Thus, the real picture of the results of the calculation for 
the entire ensemble of existing remote objects is very dif-
ferent from the number of TNOs, which were included in 
the calculation in Batygin et al. (2016). The calculations 
of Batygin and Braun indicate the possible location of a 
planet to within a quadrant. Therefore, the review of such 
a large area of the sky may last a very long time. For the 
initial evaluation, we used observational data from the 
Space Telescope «WISE», which was launched in 2009 to 
study the sky at infrared wavelengths. From the results of 
observations at distances of up to 30000 AU, an analog of 
the giant planet Saturn was not registered. Our estimates 
indicate that up to 1000 AU would have been seen super-
Earth with a radius of 11000 km (that is, it is about 10 
Earth masses). Thus, either the 9-th unknown planet right 
now there is an even greater distance, or it is possible that 
these results cannot be directly scaled to the super-Earth 
with disproportionately smaller number of internal heat. 

And so the question of the presence of the ninth planet 
in the solar system is still on the agenda. Most likely, it is 
necessary to raise the question of finding the many thou-
sands of trans-Neptunian objects, which must be on highly 
elongated orbits and very far from the terrestrial observer.. 
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ABSTRACT. It is known that the satellites of the 
planets may exist in the area, which is bounded on one 
side by Rocha limit, on the other – Hill sphere. The article 
deals with the determination of the Rocha limits and Hill 
sphere of satellites of some planets in the solar system. 
This analysis revealed some features and identified the 
main factors influencing the setting of these parameters. 
Roche limits and Hill sphere parameters of the largest 
satellites of the planets of the solar system have been 
specified. 

Key words:  satellites of planets; gravitational field; 
Roche limit; Hill sphere; mass.    

 
 
1. Introduction  
 
Since the beginning of the study of the solar system by 

cosmic means up-to-date, the principal task stimulating 
the development of this area, in fact, remains unchanged. 
The new information, which comes as a result of 
numerous space missions, makes an important 
contribution in solving the fundamental problems of 
modern science, considering the origin and evolution of 
planets, their satellites and the solar system as a whole. 

The application of this knowledge to understanding the 
natural processes that determine the development of our 
Solar system is equally important. A time is rapidly 
approaching when among the most urgent challenges will 
be the exploration of the satellites of the planets of the 
Solar system. 

Today the vital question is specification of Rocha limits 
of the satellites of the planets in connection with obtaining 
new information from astronomical observations. This is 
the work of scholars such as K.V.Holshevnikov, 
A.A.Orlov, V.L.Panteleev, R.U.Ibatullin, G.I.Shyrmin, A. 
Philip, N.P.Pytyev, L.V.Konstantinovsky, E.L.Ruskol, 
L.L.Sokolov, B.P.Kondratyev, R.Barnes, R.Heller, 
B.Jones, P.Sleep, J.Noyola, S.Satyal and others. 

Roche limit is determined by the difference between the 
acceleration, that is experienced from the planet nearest and 
farthest points of the satellite, and the  gravity of the 
satellite; Rocha cavity – the space that surrounds each 

gravitation body moving along circular orbits around a 
common center of mass and the weight of the central body 
dominates the gravity of other bodies; Hill sphere – the 
space around a  planet, in which the planet draws his 
satellite more than the object around which it revolves, that 
is the sun; sphere of attraction – the area in the form of a 
flattened ellipsoid of revolution around the celestial body 
within which the action of gravity on an object that rotates 
along an orbit around this body, emanating from this body, 
that is planets have a dominant influence on their satellites, 
despite the presence of much more massive, but more 
distant Sun (Vidmachenko  & Morozhenko, 2014; 
Konstantinovskaya,  2002; Kholshevnikov,  2015). 

 

2. Formulation of the problem   

 
In other words, the Roche limit represents the shortest 

distance of the satellite from the planet on which it will be 
not be broken into pieces, and the Hill sphere determines 
whether the object rotates around the planet or moves to 
the orbit of the Sun, that is, the farthest. 

Satellites of the planets deviate from the state of 
hydrostatic equilibrium and have shapes that vary from 
spherical and have asymmetries relative to the axis of 
rotation and the equatorial plane. 

Also, in contrast to asteroids, there are objects that 
evolve and have: the inner core, the magnetic field, the 
correct form (Ruskol, 2002). It is established that the 
biggest planets have radius of, approximately, from 0.002 
to 0.270 times the radii of the planet. Except for the 
satellite of Pluto – Charon. For most of the planets (except 
Pluto and Earth), this limit is quite low, ranging from 
0.002 to 0.042 times the radius of the planet  
(Konstantinovskaya,  2002). 

We have identified 18 largest satellites of the planets in 
the Solar system as a self-gravitating formation (Yasenev, 
2015). All major planetary satellites are synchronized with 
their planets that are rotate around the planet, in the same 
case as a planet around the Sun (except Triton). And they 
have different physical characteristics (Table 1). 
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Table 1. Physical characteristics of planetary satellites. 
 

№ Name Mass, kg 
1020 

Density, 
kg·m-3 

Average 
radius, km 

1 Ganymede 1 481.90 1936 2 634.10 
2 Titan 1 345.20 1880 2 576.00 
3 Callisto 1 077.00 1835 2 410.30 
4 Io 893.19 3528 1 821.00 
5 Moon 734.80 3347 1 737.10 
6 Europe 480.20 3019 1 561.00 
7 Triton 214.00 2061 1 354.00 
8 Titania 35.27 1711 788.50 
9 Oberon 30.14 1630 761.50 

10 Rhea 23.07 1234 764.50 
11 Iapetus 18.06 1089 735.80 
12 Charon 15.80 1650 606.00 
13 Ariel 13.50 1670 578.90 
14 Umbriel 11.75 1405 584.30 
15 Dione 10.96 1479 562.00 
16 Tethys 6.18 986 531.20 
17 Enceladus 1.10 1610 252.20 
18 Miranda 0.71 1214 236.50 
 
 
3. The main part 
 
Modern astronomical observations carried out by 

ground and space means led to the discovery of a large 
number of satellites of the planets and their number 
continues to grow. Most have a small mass, but their 
shape and sizes are held by forces of electromagnetic 
interactions in the minerals from which they formed. On 
the other side of the planets in the solar system there are 
massive satellites. There are relevant research questions of 
satellite spacecraft that require the most serious study of 
their celestial-mechanical characteristics. 

 
 

 
 

Figure 1: Field of the possible existence of satellites – the 
area between Roche limit and Hill sphere (D – possible 
existence of satellites region).  

 

It is understood that for each of the satellites there are 
boundaries of their existence according to their mass and 
density, i.e. planets' satellites cannot be close to a planet 
closer than the radius of the Rocha limits and not further 
away than the radius of the Hill sphere (Fig. 1). 

Hill sphere radius determined from the formula: 
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where a – major axis of the orbit of the planet around the 
star, e – eccentricity of the orbit, mp – mass of the planet, 
MS – mass of Sun. 

Radius of Roche limits determined by the formula:  
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      (2), 

where sρ  – density of the satellite pρ  – density of the 
planet, Mp – mass of the planet, ms – mass of the satellite, 
e – polar compression of the planet. Calculate these values 
for some satellites of the planets (Table 2). 

The orbit of the satellite can be stable at a distance of 
no more than 0.53 Hill sphere radius (in direct rotation) 
and 0.69 in the reverse. Otherwise orbit satellite will be 
subjected to disturbance from the Sun and other planets 
and satellites (Konstantinovskaya 2002, Ibatullin 2010). 
In other research materials, slightly different value may be 
given, for example (Vidmachenko &Morozhenko 2012). 

All major planetary satellites in synchronization with 
their planets, those rotate around the planet, same as the 
planet around the Sun (except Triton). 

It is equally clear that Roche limit is not significantly 
dependent on the relationship of mass of the satellite and 
the planet, and more dependent on the ratio of the density 
of the planet to the density of the satellite (Fig. 2). 

 
 
 
 

 
 

Figure 2: The ratio of density of the planet to the density 
of the satellite (Moon, Charon and Miranda are allocated). 
 

Odessa Astronomical Publications, vol. 29 (2016) 227



 
Table 2. The value of Roche limits and Hill sphere for some satellites of planets in the Solar system. 

 
 

Satellites Planets 
№ 

Name Mass, kg 
1020 Name Mass, kg Density, 

kg·m-3 
Average 

radius, km 
Polar 

compression 

Roche limit, 
km 103 

Hill sphere,  
km 106 

1 Ganymede 1 481.90 Jupiter 1.8986·1027 1326 69 911 0.06487 153.787788 50.562718 
2 Titan 1 345.20 Saturn 5.6846·1026 687 58 232 0.09796 105.528511 61.825270 
3 Callisto 1 077.00 Jupiter 1.8986·1027 1326 69 911 0.06487 156.558699 50.562718 
4 Io 893.19 Jupiter 1.8986·1027 1326 69 911 0.06487 125.905842 50.562718 
5 Moon 734.80 Earth 5.9742·1024 5515 6 371 0.00335 18.285152 1.471698 
6 Europe 480.20 Jupiter 1.8986·1027 1326 69 911 0.06487 132.617227 50.562718 
7 Triton 214.00 Neptune 1.0243·1026 1638 24 622 0.01708 55.686258 114.878926 
8 Titania 35.27 Uranus 8.6832·1025 1271 25 362 0.02293 56.229532 67.118566 
9 Oberon 30.14 Uranus 8.6832·1025 1271 25 362 0.02293 57.145887 67.118566 
10 Rhea 23.07 Saturn 5.6846·1026 687 58 232 0.09796 121.424253 61.825270 
11 Iapetus 18.06 Saturn 5.6846·1026 687 58 232 0.09796 126.590511 61.825270 
12 Charon 15.80 Pluto 1.305 ·1022 2030 1 184 0.01670 3.1386325 5.759526 
13 Ariel 13.50 Uranus 8.6832·1025 1271 25 362 0.02293 56.685818 67.118566 
14 Umbriel 11.75 Uranus 8.6832·1025 1271 25 362 0.02293 60.046501 67.118566 
15 Dione 10.96 Saturn 5.6846·1026 687 58 232 0.09796 114.310904 61.825270 
16 Tethys 6.18 Saturn 5.6846·1026 687 58 232 0.09796 130.853307 61.825270 
17 Enceladus 1.10 Saturn 5.6846·1026 687 58 232 0.09796 111.122414 61.825270 
18 Miranda 0.71 Uranus 8.6832·1025 1271 25 362 0.02293 63.043400 67.118566 

 
 
 

 
 

Figure 3: The ratio of the mass of the planet to the mass of 
the satellite (Moon and Charon are allocated) in 
logarithmic scale. 

 
 
The calculation results show some differences in the 

cases of Moon and Charon, which are caused by the fact 
that they have large mass compared to the masses of their 
planets (Fig.3). 

 
Conclusions 
 

1.  Roche limit for planetary satellites has been 
determined; it is less significant depending on the 
relationship of mass of the satellite and the planet, and 
more dependent on the ratio of densities. 

2. The radius of Hill sphere has been specified for the 
planets in the Solar system, we show that its radius is 
the same for all satellites of the planet. 

 
 
3.  The calculation results show some features in the case 

of Moon and Charon, which are caused by the fact that 
they have relatively large mass compared to the 
masses of the planets. 
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ABSTRACT. The runaway supergiant star
HIP 13962 (spectral type G0Ia) was recently pointed
as a possible former binary companion of young pulsar
PSR J0826+2637. The spectra of HIP 13962 were
obtained in Haute-Provence observatory (France), in
Bohuynsan observatory (Korea), and also in NARIT
(Thailand) with 1.9, 1.8, and 2.4 meter telescopes
respectively. The spectra were obtained in 1995, 2003,
2005, 2014, and 2015. Significant variations of the
spectrum are detected. The cores of strong lines show
complicated structure, the brightness of the star is
variable. The cycles of photometric variations have
been changed. We analyzed the spectral observations
and present the preliminary chemical composition for
elements from iron to lead. The abundance pattern
can not be fitted by solar system r− & s−process
abundance distribution.

Key words: stars: individual: HIP 13962 – stars:
abundances.

1. Introduction

In recent paper, published by Tetzlaff et al. (2014)
it was shown that HIP 13962, G0 type runaway su-
pergiant star of seventh magnitude, can be a former
secondary member of binary system, with main com-
ponent exploded as a Supernova near 3 millions years
ago. The possible former main component of this sys-
tem - young pulsar PSR J0826+2637 was also escaped
from a small cluster Stock 7.

That is why it seems interesting to investigate the
signs of contamination of the atmosphere of supergiant
star HIP 13962 by nuclear processed matter. It can be
a result of Supernova outburst in binary system. Note
that this type contamination was predicted in many
papers, for example by Proffitt & Michaud (1989), but

was never directly confirmed.

Hopefully HIP 13962 can demonstrate the results
the nearby Supernova explosion in its abundance pat-
tern because of relatively short time passed after this
event.

We used the archived and new spectral and pho-
tometrical observation of the star and found the
different photometric behavior at different epochs, the
anomalous variable profiles of strong spectral lines,
the variability of the spectrum, and the anomalous
chemical composition. Here after we present the short
overview of preliminary results (Yushchenko et al.,
2016).

2. Spectral observations

The archive of observations of 1.9 telescope of Haute-
Provence observatory equipped by ELODIE spectro-
graph with spectral resolving power R=42000 was
used. HIP 13962 was observed three times in 1995,
2003, and 2005 years.

Three additional spectra were observed at Bohuyn-
san Optical Astronomical Observatory (BOAO) 1.8 m
telescope with spectral resolution near R=45000, in
2014 and 2015.

In 2014 four spectra were observed with 2.4 m tele-
scope of National Astronomical Research Institute of
Thailand (NARIT) with spectral resolution R=20000.

Signal to noice ratio of all used spectral observa-
tions exceeds 100 in the centers of echelle orders. The
observed spectral regions are 4000–6800 ÅÅ, 3780–
8877 ÅÅ, and 3722–8804 ÅÅ for Haute-Provence,
BOAO, and NARIT observations respectively.

The initial reduction of BOAO and NARIT spec-
tra was made using standard IRAF package, the fi-
nal spectra processing, including continuum placement,
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coadding of the spectra, identification of spectral lines,
and equivalent widths measurements was made using
URAN program (Yushchenko, 1998).

The synthetic spectrum of HIP 13962 was calcu-
lated for the whole observed wavelength region. It
was taken into account in continuum placement and
identification of spectral lines.

3. Photometry

Turner et al. (2009) performed the photometrical
observations of HIP 13962 and found that the bright-
ness of the star is variable with amplitude less than 0.1
magnitude and periods 177 and 123 days.

We investigated HIPPARSOS photometry (Perry-
man, 1997) of the star. Fig. 1 shows, that variability
with amplitude near 0.05 magnitude was observed at
the time scale of few years.

Note that Turner et al. (2009) and HIPPARSOS
observations were made at different epochs (time
difference is near 15 years) and it is not surprising that
the values of photometrical cycles are different. Both
types of brightness variations are usual for supergiant
stars, but it can be also the additional argument to
confirm the reality of spectrum variations, discussed
here after.

4. Atmospheric parameters

Parameters were derived by Kovtyukh (2007) and
Kovtyukh et al. (2012) as follows: the effective tem-
perature Teff=5871±130 K, the surface gravity log g=
1.2, the microturbulent velocity 11.5 km/sec. The pro-
jected rotational velocity was found to be equal vsin
i = 29 km/sec - significantly higher than the typical
rotational velocities of this type stars.

To estimate parameters of HIP 13962 in this investi-
gation we used the first of BOAO spectra, observed in
2014. Castelli and Kurucz (2003) grid of atmosphere
models and the clean iron lines in the observed spec-
trum allowed us to accept the values 5930 K, 1.0, and
6 km/sec for effective temperature, surface gravity and
microturbulent velocity respectively.

The pointed values are close to previously de-
termined by Kovtyukh (2007) and Kovtyukh et
al. (2012). Here after we present the abundances
calculated with these parameters.

5. Chemical composition

The identification of spectral lines in observed spec-
trum of HIP 13962 was based on the comparison with
synthetic spectrum calculated for the whole wavelength
region of observed spectra. The parameters for calcu-

lations of synthetic spectrum were taken from previous
section, the abundances of heavy neutron captured el-
ements were encreased by 0.5 dex.

Equivalent widths of spectral lines were measured
in the the first of BOAO spectra, observed in 2014.
The abundances for individual lines were calculated us-
ing Kurucz’s program WIDTH9. Table 1 contains the
mean values of abundances of iron and neutron cap-
tured chemical elements with respect to solar or solar
system values (Grevesse et al., 2010), the errors, and
the number of used lines.

More detailed description of used methodic can be
found in Yushchenko et al. (2015) and in our earlier
publications.

6. Discussion

Fig. 2 shows the chemical composition of
HIP 13962 in comparison with solar system r- and
s-processes abundance patterns. The abundances of
elements with atomic numbers Z≤63 and lead can be
easily explained by these patterns, the descrepancies
are of the order of 0.2 dex.

The most interesting feature of derived chemical
composition is the relatively low abundances of lan-
thanides with Z≥64. The deviations of these elements
from solar s-process abundance distribution are clearly
visible.

It is worth to mention that faint lines of many heavy
elements, which are not listed in Table 1, can be iden-
tified in the spectrum of HIP 13962. The high level
blending of these lines requires spectrum systnesis to
obtain reliable abundances for these elements.

Table 1: Chemical composition of HIP 13962
Z Ion ∆logN σ n

26 Fe I -0.07 0.17 80
Fe II -0.05 0.18 18

29 Cu I -0.52 0.12 3
39 Y II 0.39 0.22 10
40 Zr II 0.28 1
46 Pd I 0.44 1
57 La II 0.61 0.17 16
58 Ce II 0.34 0.19 19
59 Pr II 0.28 0.23 10
60 Nd II 0.39 0.23 50
62 Sm II 0.08 0.19 15
63 Eu II 0.30 1
64 Gd II -0.10 0.24 4
65 Tb II -0.36 0.04 3
66 Dy II 0.15 0.09 3
68 Er II 0.01 0.21 4
82 Pb II 0.23 1
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Figure 1: HIPPARCOS photometry of HIP 13962. The
axes are time in Julian days and HIPPARCOS photo-
metric system magnitude HP .

As it was pointed here before our abundances are
based on the first BOAO spectrum of HIP 13962, ob-
tained in 2014. We found no strong differences for
faint and medium strength lines between this spectrum
and the other two BOAO spectra. The first Houte-
Provence observatory spectrum, observed in 1995 re-
peats BOAO spectra for not strong lines. Tetzlaff et
al. (2014) abundances were found from this spectrum.

2003 and 2005 year spectra, observed in Houte-
Provence, have very different line profiles, both for
strong and faint lines, as it is shown in Figures 3 and
4. The strongest lines in the spectrum are variable, it
is confirmed also by NARIT spectra. The variations of
hydrogen Hα line profiles are shown in Fig. 3.

The line profiles in 2003 and 2005 Haute-Provence
spectra can be explained by strong additional light.
Maybe it was an error in the reduction procedure of
spectral observations. Why it happens twice? Was
it a secondary light in spectrograph or in HIP 13962?
It is necessary to have in mind the possiblility of real
variations of observed object.

Of course the probability of error in reduction pro-
cedure seems higher. It can be confirmed by Fig. 4
where cosmic ray particle produce an emission at the
wavelength of promethium line in 2003 year spectrum.

If the reason of spectral anomalies is not the instru-
mental effect, it is possible to expect the anomalous
photometrical behaviour of HIP 13962 in 2003-2005.
Turner et al. (2009) collected all published photome-
try, unfortunately there are no data in these years.

7. Conclusion

HIP 13962 was investigated to find the possible signs
of nuclear processed matter as a result of Supernova
explosion of its former binary companion, at present
time - young pulsar PSR J0826+2637. We found both

Figure 2: The top panel: comparison of surface abun-
dances in HIP 13962 (circles) with solar system
r−process abundance distribution (line) taken from
Simmerer et al. (2004). and scaled to the observed
abundance of europium. The bottom panel: deviations
of observed abundances in HIP 13962 from scaled so-
lar system r−process abundance distribution (circles).
For comparison the solar system s−process distribu-
tion is shown by line.

Figure 3: The spectrum of HIP 13962 in the vicin-
ity of hydrogen Hα line. The axes are wavelength in
angstroms and relative fluxes. Synthetic spectrum is
shown by thin line. The wavelengts of Hα line and
the strong line of ionized titanium are marked. Open
squares designate Houte-Provence observatory spectra,
solid squares are spectral observations obtained in Bo-
huynsan observatory.
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Figure 4: The spectrum of HIP 13962 in the vicinity of
promethium line λ 5556.88 Å. The axes are wavelength
in angstroms and relative fluxes. The observed spectra
taken from Houte-Provence and Bohuynsan observa-
tory telescopes are pointed by open and solid squares
respectively.

over and underabundances of heavy elements.
The abundances of heavy elements with atomic num-

bers Z≤63 elements and lead can be aproximated by
solar system r− and s−processes abundance pattern.
The abundances of Gd, Tb, Dy, and Er are lower than
it can be expected from this solar fit.
Note that this results were made by model atmo-

sphere method, it will be used to refine the parameters
and abundances by spectrum synthesis method.
The variability of brightness and the strong varia-

tions of spectrum confirm the necessity of new spec-
troscopic and photometrical observations of this out-
standing star.
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