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ABSTRACT. Based on the Ogorodnikov-Milne
model, we analyze the proper motions of XPM2,
UCAC4 and PPMXL stars. To estimate distances to
the stars we used the method of statistical parallaxes
herewith the random errors of the distance estimations
do not exceed 10%. The method of statistial paral-
laxes was used to estimate the distanes to stars with
random errors no larger than 14%. The linear solar
veloity relative to the local standard of rest, which is
well determined for the loal entroid (d 150 p), was
used as a referene.

We have established that the model component that
describes the rotation of all stars under consideration
about the Galactic Y axis differs from zero. For the
distant (d < 1000 pc) PPMXL and UCACA4 stars, the
mean rotation about the Galactic Y axis has been
found to be M;; = -0.75+0.04 mas yr—!. As for dis-
tances greater than 1 kpc M, derived from the data of
only XPM2 catalogue becomes positive and exceeds 0.5
mas yr~!. We interpret this rotation found using the
distant stars as a residual rotation of the ICRS/Tycho-
2 system relative to the inertial reference frame.

Keywords proper motions, reference systems,
Galaxy: kinematics and dynamics: late-type.

1. Introduction

The method used in this work allows not only to de-
termine kinematic parameters of the Galaxy but also to
estimate the inertiality of the proper catalogues from
the study of components of the solid-body rotation ten-
sor, which describe the rotation about the X,Y axes
in the galactic coordinate system.

Since the Sun is located inside the giant stellar-
gaseous complex known as the Gould belt (= 500 pc
in radius), the involvement of sufficiently distant stars,
which would be free of the effects of both the near-solar
flows and the local stellar system on the whole, is vital
for the reliable application of the method.

The aim of this work is to study kinematic pa-

rameters of the large number of stars depending on
their distances. To estimate the latter we applied the
method of comparison of statistical parallaxes with
the velocity of the Sun (Olling R. at all.: 2003), which
is currently known quite reliably (Schonrich R. et al.,
2010). (U,V,W) = (11.1%5:52 12.247047 7.251037)
km s~!

2. The model

In the present work, we use a rectangular galactic
coordinate system with the axes directed in the follow-
ing way: from the observer towards the galactic center
(I =0° b= 0° axis X or axis 1), along the galactic
rotation (I = 90°, b = 0°, axis Y or axis 2), and to-
wards the Northern pole of the Galaxy (b = 90°, axis
Z or axis 3). Within the Ogorodnikov-Milne model,
we use the designations introduced by Clube S. (1972,
1973) and applied in the works by du Mont D. (1977,
1978). As is known, (Ogorodnikov, 1965), when using
only the proper motions of stars, one of the diagonal
elements of the local deformation tensor remains to be
undefined. That is why we determine the differences
of the form: (M — M) and (M — M.

The conditional equations are written in the follow-
ing form:

(1/r)(Xosin Il — Ypcos 1)
— Ms, cosl sinb— Mg sinlsinb
+ My, cos b+ Mihcos 21 cos b
— M5 sinl sin b+ M cos I sin b
— 0.5(M;; — M) sin 2l cos b, (1)

(1/r)(Xocos 1 sin b+ Yysin | sin b — Zy cos b)
+ My, sinl — M5 cos |
— 0.5 My, sin 21 sin 2b+ M5cos [ cos 2b
+ My sin I cos 2b
— 0.5(M; — M) cos® 1 sin 2b
+ 0.5( My — M) sin 20,

ucosb =

My =
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where X, Y, Zy are components of the peculiar ve-
locity of the Sun, Mi,, M5, M55 - components of the
vector of the solid-body rotation of the small circumso-
lar vincinity about the corresponding axes. According
to the rectangular coordinate system we selected, the
following rotations are positive: from axis 1 to axis 2,
from axis 2 to axis 3, and from axis 3 to axis 1.

M, and M} values (mas yr~!) are connected with
the Oort constants A and B (km s™! kpc™1) respec-
tively through the proportionality factor of 4.74. Each
of the M5, M5, My values describes deformation of
the velocity field in the corresponding plane.

The diagonal terms of the local deformation tensor
M, My, My describe the general contraction or
extension of the whole stellar system. The set of
conditional equations (1), (2) involves eleven unknown
variables which are found using the least squares
method. As can be seen from the equation (1), two
pairs of unknown variables M ; and M, as well as
M, and M,; have the same coefficients sin [ sin b
and cos | sin b, respectively. This has the result that
the unknowns are resolved poorly. A quantity 1/r is a
parallactic factor, which is put to equal unity in solv-
ing the system of equations (1), (2). In this case stars
are projected to the unit sphere. With this approach
all parameters under determination are proportional
to the heliocentric distance of the considered centroid
and expressed in the same units as components of
proper motions of stars namely in mas yr—'. Applying
a such approach allow us to eliminate completely the
effect of the distance errors in data analyzed. Indeed,
when the method with known distances to the stars
is applied left-hand side of (1) and (2) equations have
to be multiplied by 4.74 r, while right-hand side - by
r, and then the desired unknowns will be distorted
by the errors in determining the stellar distances. At
present, the reliable distances to individual stars (with
errors of <10%) allow the circumsolar vicinity of 100
pc in radius to be analyzed, but this is insufficient for
the purposes of the present work.

3. Used catalogues

XPM2. The XPM2 astrometric catalogue recently
created in the Research Institute of Astronomy of the
V. N. Karazin Kharkiv National University but until
now unpublished is presently the only bulk one that
contains highly accurate proper motions of about one
billion stars. There is a full coverage of the sky in the
declination range 90° < ¢ < 90° . The accuracy of
proper motions of faint stars in the XPM2 catalogue is
within 3 to 10 mas yr—!. As concerns its own proper
motions, the XPM2 catalogue is a realization of the
optical reference system independent on HCRF.

UCACA4. The UCAC4 astrometric catalogue
(Zacharias, 2013), at present, is a catalogue, which con-

tains highly accurate proper motions of stars up to 16
mag. The sky coverage is full in the declination inter-
val 90° < 6 < 90°. The accuracy of proper motions
for faint stars ranges from 3 to 10 mas yr—!. The cat-
alogue expands the system of ICRS/Tycho-2 towards
the faint stars.

PPMXL. The PPMXL catalogue contains
910,468,710 entries, including stars, galaxies, and
bogus entries. Of these, 412,410,368 are in 2MASS,
i.e., 2MASS is used to determine proper motions and
the J,H,Ks magnitudes are given in the catalogue.
The resulting typical individual mean errors of the
proper motions range from 4 mas yr_1 to more than
10 mas yr—' depending on observational history. We
used only those stars from the catalogue, for which at
least one of the stellar magnitudes b1 or b2 is given.
If both of them are presented, the magnitude was
accepted to equal (b1 + b2)/2. Ultimately, a number
of stars we used from the PPMXL catalogue, made
750 millions.

4. Estimation of the group distances

To obtain the estimates of distances to the stars, we
used a statistical method (Olling R. et al., 2003). For
the value of the known velocity of the Sun’s peculiar
motion relative to the LSR values from the work (R.
Schonrich R. et al., 2009) wewr adopted. (U,V,W) =
(11.175:82 12.247047 7.2570-37) km s~'. The paral-
lax has been calculated from the formulas:

7U =474 X)U; =W = 4.74 Z)W, (3)

where X and Y are the are the components of the
group velocity of stars (in mas yr=!) received from the
solution of equations (1), (2). Since component Y can
be distorted by the asymmetric drift velocity (Dennen
et. al, 1998), it was not used to determine the group
parallaxes. The distance d is found from the relation-
ship: d = 1/7. In this case the error of distance can be
estimated from the relationship

o () ®

while the e, value for the motion along Z coordinate
was estimated in the following way:

e2 = 4. T4(ew /W)?Z? + 4.T4(ez/W)? (5)

A similar relationship can be derived for the motion
along the X coordinate.

At first we apply this method to the HIPPARCOS
catalogue. Grouping was based on trigonometric par-
allaxes of the catalogue, herewith e, /m < 1. Derived
statistical distances to the stars depending on trigono-
metric ones are presented in Fig. 1. It is seen from the
figure that no significant systematic distortions in sta-
tistical distances are observed, as well as the fact that
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for the distances larger that 200 pc, the errors in deter-
mining statistical distances are less that the errors of
trigonometric distances. Further, we apply the method
to the analysis of stars from the UCAC4, XPM2 and
PPMXL catalogues.
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Figure 1: Statistical distances of stars depending on
trigonometric ones calculated by data of the HIPPAR-
COS catalogue.

5. Results of calculations

The several results of solving (1), (2) equation sys-
tem derived on the basis of stars of mixed spectral
composition from XPM2, UCAC4 and PPMXL cat-
alogues depending on the distance are presented in
Fig. 2. We have used virtually all stars from the
XPM2 catalogue (about 1 billion), with a constraint
imposed on the modulus of a star tangential velocity
le] = /(1o cos 6)2 + (us)% < 150 mas yr~t. All the
stars have been grouped according to their magnitudes,
with the magnitude interval width of 1 mag in each
group. Each of these intervals, in turn, was divided
into 1633 Sharlie areas. The resulting data (the mean
proper motions) were used to solve the system of equa-
tion (1), (2). Thus, the average distance derived using
the procedure described above was assigned to the each
interval of magnitudes. Random errors of all param-
eters under determination are 0.05 - 0.10 mas yr—!,
while those of (M, — M5) and (M35 — M) are twice
as much in the each interval of magnitudes. The proce-
dures for obtaining the data needed to solve the system
of equations (1), (2) for XPM2, UCAC4 and PPMXL
catalogues are the same.

The distances found and utilized in the work show
that the considered stars are located on average out-
side the boundaries of the local spiral arm (Orion arm),
or the Local stellar system. This serves as a reason to
consider the rotation about the galactic axis Y found
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Figure 2: Kinematic parameters inferred from the

proper motions of XPM2, UCAC4 and PPMXL stars
vs. distances.
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with the use of relatively faint stars, as a residual rota-
tion of the ICRS/Tycho-2 (Hog, 2000) system relative
to the extragalactic system of coordinates.

As can be seen from the figures, the dependences of
kinematic parameters derived from the data of XPM?2
catalogue are provided from the distance of about 600-
700 pc. It is well seen that the components of rotation
tensor for the stars of UCAC4 and PPMXL catalogues
are almost coincided with each other within the interval
of distances from 0 to 1 kpc and slightly different from
those for XPM2 catalogue.

We also show a component of the deformation ten-
sor in the XY plane for all the three catalogues. As
can be seen from Fig. 2, the dependences of parameters
M}, are very similar in the range from 0 to 1.5 kpc.
The dependence is extended by the data from only the
XPM2 catalogue at distances greater than 1.5 kpc and
these data do not contradict the previous ones. We
present in the Fig. 3 the dependence of the angular ve-
locity of the Galaxy rotation obtained from the formula
w = (My; — Mj;) on the heliocentric distance.
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Figure 3: The dependence of the angular velocity of
the Galaxy rotation on the heliocentric distance: w =
(My; — Mih)

As can be seen from this figure, there are no
differences in the behavior of the dependence of w
on the heliocentric distance to the stars from XPM2
and UCAC4 catalogues up to 1.25 kpc. As for
larger distances (only XPM2 catalogue) the behavior
of this dependence does not change. The angular
rotation velocity derived from the data of the PPMXL
catalogue differs from values derived from the data
of XPM2 and UCAC4 catalogues by more than 0.5
mas yr~! at the distance interval from 1 to 1.6 kpc.
It was surprising for us that although the PPMXL
catalogue contains virtually the same amount of stars
as the XPM2 one, the distances derived from statis-
tical parallaxes of PPMXL stars do not exceed 1.6 kpc.

6. Conclusions

As a result of the work performed, it was established
that for relatively close stars (d < 1000 pc) one com-
ponent of the Ogorodikov-Milne model which describes
the rotation about the galactic axis Y and two compo-
nents which describe deformations in the YZ and XY
planes, depend on the heliocentric distance. We as-
sociate it with the kinematic specialities of the Local
group of stars. As for farther stars, in average, the ex-
istence of the deformations in YZ and XY planes is
seen.

Besides, for the distant stars of the Tycho2/UCAC4
and Tycho2/PPMXL catalogue systems, located in the
distance > 1000 pc from the Sun, the mean value of
the rotation about the galactic axes Y is about +0.30
mas yr—! that we interpret as the residual rotation
of the ICRS/Tycho-2 system relative to the inertial
coordinate system.

The angular rotation velocity of the Galaxy can be
represented by the linear dependence on the helio-
centric distance and change from -5 mas yr—! to -3
mas yr~! in the distance range from 0.5 kpc to 2 kpc.
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ABSTRACT. A computer program is introduced,
which allows to determine statistically optimal approxi-
mation using the "Asymptotic Parabola" fit, or, in other
words, the spline consisting of polynomials of order 1,2,1,
or two lines ("asymptotes") connected with a parabola.
The function itself and its derivative is continuous. There
are 5 parameters: two points, where a line switches to a
parabola and vice versa, the slopes of the line and the cur-
vature of the parabola. Extreme cases are either the parab-
ola without lines (i.e.the parabola of width of the whole
interval), or lines without a parabola (zero width of the
parabola), or "line+parabola" without a second line. Such
an approximation is especially effective for pulsating vari-
ables, for which the slopes of the ascending and descend-
ing branches are generally different, so the maxima and
minima have asymmetric shapes. The method was initially
introduced by Marsakova and Andronov
(19960AP.....9...127M) and realized as a computer pro-
gram written in QBasic under DOS. It was used for doz-
ens of variable stars, particularly, for the catalogs of the
individual characteristics of pulsations of the Mira
(19980AP....11...79M) and semi-regular (2000AP....13..116C)
pulsating variables. For the eclipsing variables with nearly
symmetric shapes of the minima, we use a "symmetric"
version of the "Asymptotic parabola". Here we introduce a
Windows-based program, which does not have DOS limi-
tation for the memory (number of observations) and
screen resolution. The program has an user-friendly inter-
face and is illustrated by an application to the test signal
and to the pulsating variable AC Her.

Keywords: Stars: variable — stars: binary — stars: cata-
clysmic — stars: pulsating

1. Introduction

Variable stars are important sources of information on
structure and evolution of stars, They are observed by many
professional and amateur astronomers, which have generally
different photometrical systems. In this case, it is not easy to
reduce all the data to some effective system, thus such obser-
vations are used for high-amplitude variables, e¢.g. Mira —
type stars, cataclysmic binaries or semi — regular variables. A
huge part of observations of such objects was obtained by

amateurs and stored in national (but really international) da-
tabases like AAVSO (http://aavso.org), AFOEF (http://
cdsarc.u-strasbg.fi/afoev/), =~ VSOLJ  (http://vsolj.cetus-
net.org/). Photographical surveys (“Sky Patrol”) produced
“one or few per night” observations, which are not suitable
for short — period (or aperiodic stars with a short time — scale
of variability). The most abundant collections of photo nega-
tives are stored in the AAVSO (Harvard Observatory), Son-
neberg observatory, and Astronomical Observatory of the
Odessa National University. Nowadays, there are numerous
“photometric surveys” based on the CCD observations from
ground-based and space telescopes. They are very important
in studying variable stars (including the newly discovered
ones) “in the past”.

However, for eclipsing and pulsating variables, there is
another very popular mode of observations: time series,
which are obtained during a time interval, which is shorter
than a photometric period — close to the minimum of eclips-
ing binaries, or to the maximum of pulsating variables. Then
from the light curve is determined a single parameter — the
moment of the extremum and its accuracy (needed, but often
ignored). These individual extrema are published in the jour-
nals “Variable Stars. Supplement” (“Peremennye Zvezy.
Prilozhenie”), “Information Bulletion on Variable Stars”,
“Open European Journal on Variable Stars” et al. and are
used for studies of the period changes using the method of
the “O-C” diagrams (see Tsessevich, 1971 for more details).

The methods for determination of the extrema were based
on the Pogson’s method of chords, Hertzsprung’s method of
fitting the data to some “standard curve”, method of “tracing
paper” (see e.g. Tsessevich (1971) for a review). Kwee and
van der Woerden (1956) proposed a very popular method,
which was implemented in some computer programs. How-
ever, it generally produces unreal small error estimates and
thus is to be replaced by fitting the data with some approxi-
mating function (e.g. Andronov, 1994, 2005; Andronov &
Marsakova, 2006; Mikulasek, 2007).

These methods are based on the assumptions of “symme-
try” (suitable for eclipses of binary stars) and “asymmetry”
(suitable for maxima of pulsating and cataclysmic variables).
For latter, Marsakova and Andronov (1996) proposed the
method of “asymptotic parabolae”), which was successfully
used for determination of characteristics of thousands of
maxima and minima of individual cycles of variability of
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single and binary stars of different types (Marsakova & An-
dronov, 1998).

As in the electronic tables (Microsoft Excel, Open/Libre
Office, GNUmeric), the smoothing functions are algebraic
polynomials. The polynomials were applied for the determi-
nation of more than 6500 extrema (and the error estimates) of
semi-regular variables by Chinarova and Andronov (2000).

The method was also realized later in the programs
VSCalc (Breus, 2007) and PERANSO (http://peranso.com).

2. Basic Equations

In this work, we present application of algebraic polyno-
mials and asymptotic parabolae for determination of extrema.
Following Andronov (1994, 2005), we make a mathematical
model (smoothing function) for the signal:

m
Xc(t) = anfa ([)
a=l1
Here C,, are called “the coefficients” and f,, (f) — “the

(M

basic functions”. The coefficients C,, are usually deter-

mined by minimizing the test function
n
@, = D hy(x; —xc )0 —xcx)
k=1
the

@)

which  uses observed Xx and computed

J
Xcj =X (;) values. Obviously, results are dependent

on the matrix /1 ks which is similar to the “metric tensor”

in the differential geometry. In the electronic tables, the ma-
trix A ik is oversimplified to the unitary matrix

(Kronecker symbol) O & (equal to 1,if j =k, and else
0). More general case is B =wid ji, wi = O'g /G;? ,
0 — the “unit weight error” and o, — the accuracy of

the observation X

For the derivative of degree S, the Eq. (1) may be ex-
tended to

=3 C 00

a=1

©)

Obviously, the case § =0 corresponds to the initial func-

tion, § =—1, to the integral etc. The error estimate of this
value is

o[x0 (O]= D Ry /(07 (0), )
aff=1
Where Raﬂ is the covariation matrix of the statistical er-

rors of the coefficients. Usually it is replaced by a simpli-
fied expression

Rop = OomAnp (5)

Aug = DS ) 5(1) (©6)

k=1

This approximation (5) is wvalid, only if the ma-

trix 2 ik = 0'3 ,uj_kl , where 11 Jk is the covariation matrix

of errors of the observations and 03 is an arbitrary posi-

tive constant. Andronov (1997) studied even more com-
plicated case, when A i are dependent on the time shift

(like
Wy = 0'(% / G/% was described e.g. by Anderson (??), An-
dronov (1994, 2003), Mikulasek (2007, 2015).

Marsakova and Andronov (1996) proposed a method of

in the wavelet analysis). The classical case

asymptotic parabola. The idea is that the part of the light
curve near an extremum is approximated by two straight
lines, which are connected by a piece of the parabola in a
way that the function and its first derivative are continuous.

Free parameters for this approximation are the transition
points between the parabola and straight lines correspond-
ing to the ascending and descending branches. Extreme
cases are the ordinary parabola and a broken line. The re-
maining three parameters — the slope of the lines and the
vertical offset defined by the method of least squares.

The extremum of the smoothing function is determined
in an usual way, by solving equation for the first deriva-

tive: X'~ (¢) = 0 analytically or numerically by determin-

ing a maximum or minimum at a discrete grid of argu-
ments, and then using iterations

x'c (1)
le'=1lo— "C (7
X ()
with a corresponding statistical error estimate:
olx'c ()]
olt,]=—*= (8)
[ X" ()]

(cf. Andronov 1994, Mikulasek 2007). Obviously, this es-
timate is valid for a parabolic shape of the extremum and
is not valid for flat extrema (e.g. total eclipses in binary
stars). To determine of the statistically optimal number of
parameters, we have computed approximations for few
values of m=2...mpy,, Where my,= 10 or smaller, and
used m, which corresponds to the minimum of o[z, ].

The computations stopped, when the degree of degeneracy

m
y =det(A)/ [ [ 4ua

a=1
of the matrix of normal equation becomes smaller than the

limiting value ¥, = 1077
3. Applications

For an illustration, we have used a part of the light
curve of the RV — type pulsating star AC Her. We have
used the international AAVSO database (http://aavso.org).
After filtering of the photometrical data for outliers and
other filters, the total number of the observations
N=23540. The detailed analysis is in preparation. We have
chosen a smaller part well covered by the observations.
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In Fig. 1, the approximation using the “asymptotic pa-
rabola” is shown for few dozens cycles.

mag

53000 54000 55000

Time, JD-2400000
Figure 1: The “asymptotic parabola” approximation to the light
curve of AC Her. The curve is compiled from the individual ap-
proximations of observations in the intervals surrounding maxima
and minima.

52000
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_
bt

18
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time, JD-2400000
Figure 2: Original data (circles), approximations and “+1 ¢ error
corridor” (lines) for the asymptotic parabola (upper curve) and alge-
braic polynomials with number of parameters m=3..8.

53330

An excellent approximation is seen at those parts where
approximations near minimum and maximum overlap.
Totally we determined characteristics of 749 extrema.

Fig. 2 shows approximations using the “asymptotic pa-
rabola” and low-order algebraic polynomials of one of the
extrema.

One may note that a maximum of the parabola is sig-
nificantly shifted as compared to other approximations.
However, the parabola corresponds to the best accuracy
estimate of the time of extremum.

The dependences of the error estimates of the smoothing
function are shown in Fig. 3. For this data set, the most accu-
rate approximation corresponds to m=3 (parabola), the statis-
tical errors increase with m.
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Figure 3: Scheme of internal and external contacts in eclipse.
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4. Conclusions

The program was developed in the computer language
VBA for Excel. It allows to determine the characteristics of
extrema (maxima or minima) using the polynomial ap-
proximation with choosing a statistically optimal degree.

Results are applied to the pulsating variable S Aql.

The program will be used for further determination of
extrema of variable stars of different types using our ob-
servations as well as observations from the virtual obser-

vatories and photometric databases like AAVSO,
AFOEV, VSOLJ etc.
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A MODIFICATION OF GAUSS' METHOD FOR PRELIMINARY
DETERMINATION OF A CELESTIAL BODY'S ORBIT
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Shevchenko Park, Odessa 65014, Ukraine

ABSTRACT. A modification of classical Gauss’
method for determination of Keplerian elements from the
observed positions is considered in this paper. The
modification involves the exhaustive enumeration of all
possible orbital plane positions in order to improve the
method’s reliability. It has been shown that such an
approach requires a priori information on the pattern of
the celestial body's motion, particularly, whether its
motion is direct or retrograde.

Key words: orbit determination methods, celestial
mechanics

Introduction

The method for determination of orbital elements of
celestial bodies was developed by C.F.Gauss as early as at
the beginning of the 19™ century when the first asteroids were
discovered. Up to the present time, this method has been
successfully employed for preliminary orbit determination
for both circumsolar and near-Earth orbital motion.

However, the method presents some limitations in its
usage (Samotokhin et al., 2014). In particular, the orbital
arc whose length is used for calculations should not be too
long as in this case difficulties with solution of some
equations may emerge. On the other hand, the orbital arc
should not be too short as in this case uncertainties
associated with observational errors may occur.

Numeral experiment

These and other limitations of Gauss' method can be
overcome by exploiting capabilities of modern computers.
Keplerian elements define the size and shape of the conic
(the semi-major axis and eccentricity); a celestial body's
position at a given instant of time (the time of perigee
passage); the conic section orientation within the orbital
plane (the argument of perigee); and, finally, the orbital plane
position with regard to the reference coordinate system (the
inclination and longitude of the ascending node).

At a two-body approximation the orbital plane always
intersects the centre of gravity. With this fact the orbital
plane position can be independently determined using the
method of exhaustive enumeration of all possible values
of inclination and longitude of the ascending node
(Bondarenko et al., 2014a). All orbital elements can be
derived for each pair of elements i and Q using Gauss'
method for determination of orbital elements from two
position vectors and instants of time (Escobal, 1970).
Based on these orbital elements, it is possible to define a
celestial body's position for the current i and Q. Using the
differences between the observed and calculated in such a
manner positions (O-C), it is possible to select the
inclination and longitude of the ascending node which
define the actual position of the orbital plane. It is evident
that it is the minimum difference (O-C) that corresponds
to the actual position of the orbital plane.
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Figure 1. The distribution of the sum of squared
differences between the observed and calculated positions
of the test celestial body for different orbital inclinations.

Figure 2. The distribution of the sum of squared
differences between the observed and calculated positions
of the test celestial body for different longitudes of the
ascending node.
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To study the behaviour of the dependence of the sum of
squared differences (O-C) on the adopted values of
inclination and longitude of the ascending node, we set up
a numerical experiment. In this experiment we simulated
the search of the position of a test celestial body's orbital
plane. Keplerian elements for the heliocentric orbit were
selected as follows:

the semi-major axis a=2.48255 AU;

the eccentricity e=0.15326;

the time of perigee passage 19.06.2011;

the argument of perigee ®=79.325°;

the longitude of the ascending node Q=108.395°;
the inclination i=10.252°.

Using the methods described in (Bondarenko et al.,
2014b), we determined the sums of squared differences
(O—-C) for all possible pairs of orbital elements, namely

the inclination 0<i<180° and longitude of the ascending
node 0<Q<360°. From this data set we selected only those
values which meet the following requirement:

IJ(O0-C) <14,

The obtained dependencies are shown in Figs. 1 and 2.
The dependence of X(O-C)*> on the inclination is

reflection symmetric with regard to the value i=90°, and it
exhibits the largest number of the selected values

(0 -C)* near i=10.5° and i=169.5°.

The dependence of %(O—C)* on the longitude of the

ascending node is the same for the ranges 0<Q<180° and
180°<Q<360°, and it exhibits the largest number of the

selected values (O —C)* near Q=108.5° and Q=288.5°.

Conclusion

Thus, to ultimately determine the orbital plane using a
modified Gauss" method suggested in (Bondarenko et al.,
2014a), a priori information on the pattern of the celestial
body's motion is required, particularly, whether its motion
is direct or retrograde. This requirement is similar to that
one for the application of Gauss' method for determination
of orbital elements from two position vectors and instants
of time (Escobal, 1970).
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RESULTS OF DOUBLE STARS OBSERVATIONS AT NIKOLAEV
OBSERVATORY
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ABSTRACT. The results of double stars observations
at Nikolayev Observatory during 2013-2014 are present-
ed. The Washington Double Stars Catalogue (WDS) was
used for observation program composing. The observation
volume was obtained with usage two telescopes equipped
CCD-cameras. Precise modern epoch CCD-observations
allowed to make new proper motion values. The position
angles and separations for 214 double stars were meas-
ured. Results are going to be submitted to WDS.

Keywords: Stars: double stars, binary stars, proper
motions

1. Introduction

The main reason to be interested in double stars is a
possibility to obtain total mass of a double-star system
from studying their relative motions. Mass estimates are
of huge importance to theorists on stellar evolution. Ac-
cording to modern double stars researches, the percentage
of stars included into double or multiple systems is in
range from 30 to 70%. The main source of information
about these objects is the Washington Double Star Catalog
(WDS) [1]. WDS contains more than 132,000 objects on
July, 2015 each of which gives measures for the positional
angle and separation of two components. Visual double
stars are two that appear close together in the sky visually,
but are not necessarily anywhere near one another in
space. If visual doubles are gravitationally attached they
are called visual binaries. Similar proper motions for both
components is one of criteria for distinguish them. If the
difference of their proper motions is small comparing to
their common proper motion, the pair is probably physi-
cal. The proper motions for 1.5% of main component and
for 20% second component are absent in WDS catalog.
The most of the doubles are available for observations
with small telescopes. That’s why we have performed
double stars observations in Nikolaev.

2. Observations: Instrumentation, Program

The observations were made at two telescopes which
were created in the RI NAO: mobile multi-channel auto-
matic telescope (Mobitel) with D=500 mm, F=3000 mm
and Axial meridian circle (AMC) with D=180 mm,
F=2500 mm.

Both telescopes are equipped with the CCD cameras
and getting images in drift scan mode. We have obtained
frames with scale 1.32” and 0.83"per pixel and field of
view 24'x28" and 42.6"x42.6" for AMC and Mobitel, re-
spectively. These parameters allow us to have enough

reference stars for astrometric reductions and obtaining
positions of the stars with high accuracy.

For observational program we selected WDS objects
which are most apropriate to be observed by our telescope
and in the expected time frame (the full time of exposure
is 102° and 85° at equator). For the main selection criteria
we used a magnitude limit of 17™ and 14.5™ and a separa-
tion bigger than two FWHM.

The regular observations of double stars were carried
out during 2013-2014. The statistical information about
volume of observations is given in table 1. There are not
only program objects in column 4; we also selected other
WDS doubles from the other observations, which ap-
peared in the imaged field.

Tablel. Statistics of observations

Period Telescope | X stars Mean N*
2013 AMC 2420 4

2014 AMC 1848 3.5

2013 Mobitel 124859 8

2014 Mobitel 87767 9

*The average number of star observations
3. Processing and Results

Processing of obtained observations included two steps:
getting astrometrical parameters (coordinates, proper mo-
tions, magnitudes) and measures of double stars parame-
ters (position angle and separation).

Astrometric reductions for equatorial coordinates of ob-
jects were performed with Astrometrica software [2].
Connection model between the tangential and the meas-
ured coordinates was polynomial 2nd order for AMC and
polynomial 4th order for Mobitel. The catalogs
UCAC2 [3] and UCAC4 [4] were used as reference cata-
logs. After processing whole volume of observations the
coordinates in right ascension and declination at mean
observational epoch were averaged. The mean standard
errors of catalog position were about 30 mas in both coor-
dinates and that allows us to obtain new proper motions
with accuracy about 4-5 mas/year when the catalog USNO
A2.0 was used as source of second epoch positions. Then
we cross-matched our positional data with WDS catalog
and other astronomical catalogs for calculations new
proper motions of the primary and secondary double com-
ponents and for selection all WDS doubles which were
appeared in the imaged field. The results of search WDS
double stars and following cross-matching are summa-
rized in table 2. Cross-matching was made with usage
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service CDS-Upload X-Match realized by TOPCAT soft-
ware [5].

Table 2. Results of cross-matching

WDS | USNO | PPMXL | 2mass | UCAC4 | TYCHO2
A2.0
AMC 127 118 123 127 127 74
Mobitel | 234 216 222 234 230 55

The comparison of obtained proper motions has shown
a good agreement with other sources. The mean external
accuracy of the obtained proper motions is about
8 mas/year in both coordinates based on the comparison
with other catalogs (Tycho2, PPMXL, UCAC4, WDS).

The comparison results of obtained proper motions with
WDS proper motions are shown in figure 1.
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Figure 1: Obtained proper motion vs WDS proper motions
(top — right ascension, bottom — declination).

The figure 1 have shown that criteria of common proper
motions for distinguishing visual binary stars work better
for stars with high proper motions, when values of their
error much less than values of proper motions.

Measures of double stars were made with usage RE-
DUC software [6]. We used previously determined exact
values of orientation angle and image inclination regard-
ing the celestial equator from astrometric reductions for

calibration. Unfortunately, the AMC limiting magnitude
fallen down significantly by the technical reasons and we
can’t see the secondary component in most frame there.
We have measured only observations obtained at Mobitel.

There were obtained 1802 positions for 199 WDS
stars. The mean number of measurements of a star is
about 8. The distributions of observations in stellar magni-
tudes and magnitude differences between main and sec-
ondary component measured by REDUC are given in fig-
ure 2.

0
10 12 14 16 18
Stellar magnitude. black - main, white - secondary

N

0 1 2 3 -
Magnitude difference (REDUC sofrware)

Figure 2: Distribution of double stars in stellar magnitude
(top — stellar magnitude of main (black column) and sec-
ondary (white column), bottom — magnitude difference
between the components, obtained REDUC software)

The position angle (PA) of the secondary with respect
to the primary and angular distance between the two stars
(separation) between components were measured. The
mean standard error of PA is 0.5°, separation — 0.15”. The
distribution of standard errors in PA and separation are
shown in figure 3.
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Figure 3: Distribution of standard errors of measurements

We have compared our results with WDS data. It can
be seen from figure 4 that they are in good accordance
with each other.

4. Conclusions

The equatorial coordinates and proper motions of

361 WDS stars were obtained basing on CCD observa-
tions during 2013-2014 yr. Average accuracy of the cata-
log star position is about 30 mas in both coordinates. The
new proper motions for WDS star were calculated with
usage USNO A2.0 as the first epoch. Parameters for
199 WDS doubles (PA and separations) were obtained.
The standard deviation is 0.5° for PA and 0.15" for sepa-
ration.

The results of measurements are going to be sent to
WDS database.

Separation, arcsec Nikolaev

Figure 4: Measured values of separation and PA over sep-
aration and PA from WDS catalog (only double stars with
separations between components more than about double
FWHM were measured)
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ABSTRACT. We describe an effective method of in-
vestigation of the Diffuse Interstellar Bands (DIBs) in the
spectra of Cepheid stars. DIBs are believed to originate
from the absorption of such carriers as polycyclic aro-
matic hydrocarbons in the interstellar gaseous clouds lo-
cated between an observer and the stars whose spectra
were recorded. We performed a detailed consideration of
the DIB at 6613 A in our sample of spectra for more than
250 stars. The quantitative characteristics of the DIB ab-
sorption features will be studied in connection with the
interstellar absorption data, and after that, they will be
used in the mapping of the Galactic disc.

Keywords: ISM: bands — variables: cepheids
1. Introduction

The Diffuse Interstellar Bands (DIBs) are observed in
spectra of astronomical objects in ultraviolet, visible and
infrared wavelengths. The central wavelengths of DIBs
don't correspond to any known spectral lines of a chemical
elements. This phenomena is one of the most difficult
conundrums for astrophysics. However, presence the un-
known bands in the spectra of stars confirms existence the
inhomogeneous distribution of the interstellar medium.
Therefore, we investigated in detail the one of the DIBs of
organic molecules in the spectra of Cepheid stars for de-
termining of some characteristics ISM.

2. Data

We used the spectra of Cepheid stars with resolution of
30000, which had been obtained by R. E. Luck with the
Hobby-Eberly Telescope Spectrograph (McDonald Ob-
servatory, Texas, United States). Using spectra of the var-
iable stars for investigation DIBs is unique. In our re-
search, we analyzed 253 spectra.

3. The method

The object of the research was DIB at 6613 A. As a rule
it blend with two stellar spectral lines: Y II at 6613.73 A
and Fe I at 6613.82A. But sometimes our band don’t
blend with any stellar spectral lines.

6610 6611 6612 6613 661 6615 6616 6617 6618
Wavelengih, A

Figure 1: The DIB at 6613 A in spectrum of GO Cas

We had to neutralize the influence of these two lines on
our DIB. For this purpose, we developed an effective
method, which consists of the following stages:

1. Verifying oscillator strength for Y Il at 6613.73
A and Fe I at 6613.82A. We used spectra of Sun
with high resolution (Kurucz et al. 2004) and
VALD (Vienna Atomic Line Database).

2. Creating synthetic spectra of Cepheid stars. For
that, we used the basic atmospheric parameters
stars, which are presented in the paper Luck &
Lambert (1). The models of stellar atmospheres
were generated with program ATLAS9 (Kurucz,
2004). The synthetic spectra were calculated with
the SynthV program (Tsymbal, 1996). We also
used the chemical structure database from the
paper Luck et al. (2).

3. The observed spectra processing. All procedures
of spectra processing were conducted in
DECH20t (Galazutdinov).

4. The observed spectrum was divided by the syn-
thetic and we received a «clean» profile of the
DIB.

Our aims were to analyze the «clean» profiles of
the DIB at 6613 A and to make map of the distribu-
tion density of interstellar matter in the Galactic disc.
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Figure 2: The «clean» profiles of the DIB at 6613 A in
spectrum of GO Cas

In our paper, we investigated the DIB of organic mole-
cules at 6613 A in the 253 spectra of Cepheid stars.

We «cleared» the chosen DIB’s profiles of the stellar
spectral lines Y Il at 6613.73 A and Fe I at 6613.82A.

We defined the equivalent width of DIB at 6613 A in
253 spectra.

Finally, we made map of the distribution density of in-
terstellar matter in the Galactic disc. Our results were pre-
sented in tables and graphs.

sse 1100 mA
® e 1001150 mA
150.1-200 mA
2001250 mA

® 2501300 mA
2710 @ 300145 mA

Figure 1: The Map of the Distribution Density of Interstel-
lar Matter in the Galactic Disc
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ABSTRACT. Nucleosynthesis at magnetorotational
supernova explosion is considered by employing
arguments of nuclear statistical equilibrium. Effects of
ultra-strong nuclear magnetization are demonstrated to
enhance the portion of titanium product. The relation to an
excess of *Ti revealed from the Integral mission data and
galactic chemical evolution is discussed.

Keywords: Stars: supernovae, magnetic field. — Nucleo-
synthesis: abundances, galactic chemical evolution.

1. Introduction

Supernovae (SNe) represent promising sites for synthesis
of heavy atomic nuclei (Woosley, Heger & Weaver, 2002)
and give major stellar nucleosynthetic contributions to nu-
clide inventories during the Galaxy chemical evolution.
Magnetization of hot dense plasma due to magnetorotational
instability (MRI) is considered as an inherent feature and
makes plausible explosion mechanism. In present study we
argue that such a feature affects nucleosynthesis (cf., e.g.,
(Kondratyev, 2004; 2014 and refs. therein) and, in particular,
magnetic effects lead to an increase of titanium portion in the
synthesis of nuclides close to the iron "peak". Consequently,
the characteristic lines of respective nuclei in spectra of
astrophysical objects are considerably enhanced and allow
for an analysis of synthesized elements. The radioactive

Figure 1: Direction (pixel number) dependence of the reg-
istered gamma-ray flux at different energy ranges. top: left
— 20-50 keV, middle — 50-67 keV, right — 67-70 keV,
bottom: left — 70-77 keV; middle — 77-82 keV, right —
82-100 keV; for the Cassiopeia region. SNR CAS A,
(J2000) R.A. 350.86°, decl. 58.81°, indicated by circle.

decay chain *Ti> *Sc> **Ca gives rise to an emission
of lines with energies of 67.9 keV and 78.4 keV (from
*Sc *) and 1157 keV (from **Ca *) of approximately
equal intensity. The respective image-mosaics from Inte-
gral data (Kondratyev, 2004; 2014) for the Cassiopeia
region in various energy ranges of registered photons are
presented in Fig. 1. The color (brightness) is proportional
to the gamma-quanta flux: as larger the flux as lighter
(brighter) the color of a pixel. As is seen the SNR CAS A
gives the brightest spot for energies matching *'Sc lines.

Table 1: Volume My of nuclides “Ti (in solar masses
Ms,, ) initially synthesized in young SNe, Tycho, CAS A
and SN1987A (see Kondratyev & Korovina, 2015).

SN M[107* Mgy
+0.9
CAS A 337
SN1987A 3.1+0.8
Tycho <0.84

Then *Ti half-life, about 60 years, allows to determine
this isotope initial mass in SN remnants. Table. 1 shows
the observational results for the total mass of **Ti nuclide
synthesized in SN explosions from (Kondra-
tyev & Korovina, 2015). These values are significantly
larger as compared to model predictions, see.
(Woosley, Heger & Weaver, 2002), giving the mass of
initially synthesized Ui, My~ 107 Mg, (in solar masses
Ms,, ) in an absence of magnetic effects.

2. MRI explosive nucleosynthesis

Abundances of iron group and nearby nuclides are de-
scribed very successfully within nuclear statistical equilib-
rium (NSE) approach for over half a century
(Woosley, Heger & Weaver, 2002). At such conditions
nuclide abundance is determined mainly by the binding
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energy of corresponding atomic nuclei. The magnetic
effects in the NSE were considered by Kondratyev (2014)

and refs. therein. Recall that at temperatures (7 <10°°
K) and field strengths (H >0.1 TT), the magnetic field
dependence of relative output value y =Y (H)/Y(0) is

determined by a change in the binding energy of nuclei in
a field and can be written in the following form
y=exp{AB/kT}. (1)

We consider examples of *°Ni and **Ti. 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 funda-
mental conclusions about transmutation and synthesis of
nuclei in ultramagnetized plasma.

The binding energy B can be written as
B = Bipm *+ C, + C,, where shell corrections C; for protons
and neutrons, and the component Bpy 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).

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
m, on a field vector gives rise to a linear shift of energy

levels A=m_ g o, , where w, = [ with nucleon

L>»
magneton U, , and g — neutron g —factor. Accord-

ingly, the shell energy in a field H is modified as follows

Cu(H) = G (Ex + ) + Gy (Ex - A), )
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 = By + x; H[MeV] with magnetic susceptibility parame-
ters x; depending on a nucleus nucleus = ,\f Z . For *Ti
the value of this parameter is positive xp; ~ 0.3 MeV/TT,
and in case of °Ni it becomes negative Kky; ~ -
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 «;, respec-
tively. Then for an average relative yield over MRI region

V, see sect. 1, <y>=V_ljd3ry(H(r)) one gets
Vv

(Kondratyev & Korovina, 2015)
<y> =b" (exp{a} +.[1b exp{a/x} dx)

=[exp{a/b}+%[Ei(a)—Ei(a/b):|j ; 3)

where a =&, H,/kT , b=(r/ro)’. The radius r, relative

to the MRI center corresponds to a maximum in field
strength H,, and radius r, is determined from conditions of
comparable values for magnetic pressure gradients and
gravitational force at R corresponding to material
irruption, i.e., dHA(r)/dr = 4Hy*/b*r, ~ 81 GM n(R)/R.
Here the gravitational constant G, and the star mass M
inside the bifurcation radius R is related to the matter
density n(R) as 4nR’n(R)=-dM/dR, and the integral

. x €Xpit
exponential function Ei(x) =J. ﬂdl‘ :
-

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 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 » (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 T1, My ~ 10™ My, (in solar
masses Ms,,). For realistic characteristics of Type II SN
explosion (sect. 1) enhancement factor <y>r; ~ 30— 300
corresponds to a mass Mry;~ 10°°-102%° Mg,,. It is
worthy to notice that not all the material ejected from the
central part of a star is formed in MRI areas, see (Kondra-
tyev, 2014). Such an enhancement of *Ti is in an agree-
ment with direct observations in yang SN II remnants, see
Table I. At the same time for SN I the *'Ti volume is
significantly smaller. One might expect, therefore, notice-
able correlations in enrichment of anti-magic nuclides
with other metals, e.g., Fe, 25Al.

Figure 2: Relative field of nucleosynthesis products de-
pending on parameters a and b.
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3. Galactic chemical evolution

An important application of the nucleosynthesis com-
putations 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 nucleosyn-
thesis computations, a number of issues remain unre-
solved. In this paper, we dwell on potential sources of
calcium and titanium production.

For this purpose we use the abundances of these ele-
ments, 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 recent study (Timmes,
Woosley & Weaver, 1995) the yields of isotopes **Ti and
*(Ca, 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 **Ti is
insufficient to describe the behavior of [Ti/Fe] vs. [Fe/H]. A
similar pattern for calcium and titanium is presented in the
study by Timmes, Woosley & Weaver (1995; see their Figs.
25 and 27). It proves that the investigated sources of cal-
cium production, such as massive stars, are dominant sup-
pliers of calcium in the interstellar medium while further
improved computations for the titanium sources are re-
quired. In respect with titanium the authors point out that
"both the **Ti 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 ti-
tanium enrichment when taking into account the increased
yield of anti-magic nuclides in ultramagnetized
astrophysical plasma. As is seen on an example of the ra-
dioactive isotope *'Ti the direct observational data, see sect.
1, confirm such an enrichment which can be understood in
terms of magnetic effects. The resulting enrichments
of M44 isobars are collaborated with observational data
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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).
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Figure 4: The same as Figure 3, but for Ti abundance.

(Kondratyev, 2014; Magkotsios, 2010). The proton mag-
netic reactivity dominates in a change of binding energy,
see Eq. (2). Therefore, one can expect to meet a noticeable
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

Effects of ultra-magnetized astrophysical plasma in su-
pernovae on synthesis of chemical elements were investi-
gated at conditions 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 *Ti in explosive nucleosynthesis
products. Magnetic effects in nuclide creation are favora-
bly compared to observational Integral data and galactic
chemical composition.
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ABSTRACT. In this study, the models of slaved
precession of accretion disc and donors radiation-
driven wind were performed using three-dimensional
numerical astrophysical methods by the example of
microquasar Cyg X-1. As is shown, in the course of
precession of the accretion disc blown by the donor’s
wind the states with high and low temperature (low
and high mass accretion rate, respectively) start being
generated in the centre of disc. Our computations
of disc precession performed on base of undefined
precession that means each point of rotation axis of
accretion disc makes unclosed difficult curve instead
of a circle as it is in case of definite precession. In this
case, the transition between states of high and low
temperature takes place irregularly and not depend on
precession period. The duration of transition between
these both states is less than intervals of states on
several orders of magnitudes.

Key words: Stars:
quasars; quasars.

close binary system; micro-

1. Introduction

In present work we continue to simulate high/soft
and low/hard (ON- OFF-: active and passive) states
in accretion discs of microquasars and quasars. Our
idea consists in that in precession accretion disc
having been blown by the donor’s wind begins to
generate the states of low and high temperature in
the disc centre. Since these states are unti correlated
with mass accretion rate we interpreted them as ON-
and OFF-states in accretion discs of microquasars.
In the previous our work (Nazarenko, 2014) we had
simulated ON- and OFF-states on the base of defined
precession. The result of it was the transition between
ON- and OFF-states was every precession period.
But it occurs irregularly in real microquasars and not
depends from precession period. By such the way to
improve the results of previous work in the present

one we simulate ON- and OFF-states on the base of
undefined precession. It means that each point of
rotation axis of accretion disc makes unclosed curve.
Thus our goal in the present research is to make
the change between both ON- and OFF-states to be
irregular and don’t depended from precession period.

2. The numerical approach

To obtain the goal stated above we use special nu-
merical technique. This one is as follows: to simulate
3D mass flow in the calculation area from initial time
to stationary state we use non-stationary Euler’s hy-
drodynamical equations. We resolve these equations
by astrophysical variant of 'Big-particles’ code by Be-
lotserkovsky and Davydov (Nazarenko, 2014). This
astrophysical variant is distinct to the standard 'Big-
particles’ code (Belotserkovskii et al., 1982) that in this
one the internal energy on first time substep is used (in
standard code the total energy on first time substep is
used). To decrease the effects of numerical viscosity
attributing the cold in use we use the special technique
to decrease radial velocity in accretion disc and do the
temperature in calculation area to the real one. We
use rectangular numerical grid and also the rectangular
Cartesian coordinate system that is connected hardly
with the donor. To simulate the precession of accretion
disc we use the slaved precession. In the chosen coor-
dinate system the accretor makes the unclosed curve.

To decrease large computer expenses and order to
run our calculation over long time we use the accre-
tion disc precession period equal to orbital one. In the
present calculation we use the following dimensionless
units: the velocities are given in units of the orbital
speed; the temperatures are given in units 10*K; the
numerical time units are such that 27 is corresponding
to the orbital period; mass accretion rate is given in
units of solar mass per year in logarithmic scale. We
cut the space around the accretor with the radius of
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Figure 1: The time change of the accretor’s coordinates
in z-y plane.

0.025 (10% of the outer disc radius) to avoid singular-
ity. This space has the size of 5000 Schwarzschild radii
and it means that our simulations are running far away
from accretor.

The time changes of the accretor’s coordinates are
given below.

Tqe1 = 1.0, ift<0
Yac1 = 0.0, if t < —0.25
Zacl = 007 ift<0

Taer = 1.0+ Asin(21£-), ift >0
Yac1 = 0.0 + Bcos(27rpi) “ Npree, ift>—0.25
Y

Zae1 = 0.0 + C’Sin(27rpi), ift>0
where A = B = C = 0.15, Ny = —1 for retrograde
precession, Npr.c = 1 for prograde precession and
P,,P,, P, are precession periods for appropriate
accretor’s coordinates. The time is given in units of
precession period.

3. The numerical results

The unclosed curve made by the accretor over on the
time of calculation is shown in Fig. 1. The evolution of
the accretion disc central temperature in time is shown
in Fig. 2. The dependance of mass accretion rate of
our accretion disc model versus time is shown in Fig. 3.
The mass accretion rate is negative since it is accretion
process. As it is led from Fig. 2 we run our calculation
over long time as large as 17th precession period. It
shows that the essential physical values are strong con-
served in our present simulation in code in use. First
we see in Fig. 2 it is the high temperature interval is
from 4 to 13.5 precession period. The interval of low
temperature in Fig. 2 is on 13.75-14.50 precession pe-

Figure 2: The dependance of the temperature in the
disk’s centre versus time.

riod. This interval is over 0.75 precession period. We
have interpreted these intervals of low and high tem-
perature as generation low/hard and high /soft states in
our accretion disc model. We have make such the inter-
pretation since the both time intervals of temperature
stated above are unti correlated with mass accretion
rate in our accretion disc model (see Fig. 2 and Fig.
3). Accordingly mentioned above we may say that the
change between both low/hard and high/soft states is
not making every precession period in our present cal-
culation and is strong irregular. As we think such the
fine result occurs due to the using undefined precession
in the present work. To show the time structure of
low/hard and high/soft states in more details we have
plotted partially low /hard state (Fig. 4) and high/soft
one (Fig. 5). As it is good seen from these figures, the
time characteristics of low/hard state in first turn are
strong discrete i.e. it is in the view of partial peaks.
The amplitudes of these peaks are in the interval from 2
to 400 (maximal values). By the other words, the cen-
tral disc temperature is changing in time in 200 times.
As it is led from Fig. 4 and Fig. 5, the relation between
both low /hard and high/soft states time intervals is or-
der of 10. This magnitude is in good accordance with
the corresponding value in real Cyg X-1 in which the
low /hard states are over several years and the high/soft
states are over several months (Lachowicz et al., 2006).
In order to see in more details the transition between
both low/hard and high/soft states on time of 13.75
(see Fig. 2) we are plotted the vicinity of this time on
high resolution scale (see Fig. 6). Asit is led from these
figures, the time interval of the transition stated above
is order of 0.005 of precession period or 40 minutes of
orbital time.
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Figure 3: The dependance of the mass accretion rate
in the disk’s centre versus time.

The work of the mechanism to produce low/hard
and high/soft states is very simple in the present
paper. In the precession accretion disk having been
blown by the donor’s wind to states of low and high
densities in the centre of disk is formed. When the
densities in the disk centre are low, the radiation
cooling is not efficient and instantly due to the action
of the disk viscosity the kinetic energy of the disk
rotation are transformed in thermal one. In this case
the temperature in the disk centre is high. When the
densities in the disk centre are high, the radiation
cooling is strong effective and temperature in the disk
centre is low.

4. Summary and discuss

Analyzing the numerical results described above we
may say that the goal stated introduction is obtained
and we have simulated low/hard and high/soft states
and the change between both states is irregularly and
is not depending from precession period. We may to
mark also that the essential microquasar properties
were have simulated in our present work. First of all,
we show that the relation between both states is the
factor of 10; the changes of central disc temperature
and mass accretion rate in both states are order of
200 and 100 respectively; the transition between both
states is order of 40 minutes of orbital time; the time
structure of low/hard state has discrete character in the
present simulation. All four properties of low /hard and
high/soft states are qualitatively and quantitatively in
a good accordance with observations (Lachowicz et al.,
2006; Fender et al., 2003; 2004). The evolution of our
calculation in the future works we see to run jet produc-
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Figure 4: The dependance of the temperature in the
disk’s centre versus time over the interval of 6-10 pre-
cession periods.

500, TEM P (10 °K)
w0l OFF OFF ONOFFOFF
300 4

200 A

100

0

T T T T T T T 1
12,0 12,5 13,0 13,5 14,0 14,5 15,0 15,5 16,0

TIME

Figure 5: The dependance of the temperature in the
disk’s centre versus time over the interval of 12-16 pre-
cession periods.
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Figure 6: The dependance of the temperature in the
disk’s centre versus time on the high time scale over
the interval of 13.6-15.0 precession periods.

tion and also its appearance and disappearance in sim-
ulated low/hard and high/soft states by us. We have
planned to simulate radiation-driven jets since with our
point of view such the jets may easy explained the mi-
croquasar phenomenon. Such the conclusion is based
on three points on our opinion:

1) In low /hard state the temperature near the accre-
tor in disc hot corona is increased by factor of 10 (from
10-20 KeV to 100 KeV, Fender et al., 2003; 2004). The
last means that in these terms the radiation pressure
will be rather able to produce jets.

2) The luminosities of microquasars are close to su-
per critical one by factor of 0.3 - 0.7 (Fender et al.,
2003; 2004).

3) The formation of radiation-driven jets in the view
of narrow stream may be easy explained by radiation
flux configuration on the bottom of the funnel of disc
hot corona: this flux is distance from zero only in the
direction in parallel to the disc rotation axis, since
namely in this direction the disc central source radi-
ation may freely leave a funnel.

In the last conclusion we implicitly imply that
funnels are exist in all the microquasars.
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ABSTRACT. We show that, contrary to simple
predictions, most AGNs show at best only a small
increase of lags in the J, H, K, and L bands with
increasing wavelength. We suggest that a possible
cause of this near simultaneity of the variability from
the near-IR to the mid-IR is that the hot dust is in a
hollow bi-conical outflow of which we only see the near
side. Although most AGNs show near simultaneity
of IR variability, there was at least one epoch when
NGC 4151 showed the sharply increasing IR lag with
the increase of the wavelength. This behaviour might
also be present in GQ Comae. We discuss these
results briefly. The relative wavelength independence
of IR lags simplifies the use of IR lags for estimating
cosmological parameters.

Keywords: galaxies: active — galaxies: nuclei —
galaxies: Seyfert — infrared: galaxies — galaxies:
individual: NGC 4151, NGC 6418, NGC 7469,

NGC 5548, NGC 3783, Fairall 9, GQ Comae,
WPVS48, PGC 50427, Ark 120, Mrk 509, MCG-6-
30-15; optical and IR variability, time delay, data
analysis, dust torus, cosmology.

1. Introduction

The variable near-IR radiation of active galactic nu-
clei (AGNs) is usually associated with the part of the
optically-thick dusty torus closest to the central source
(Honig & Kishimoto 2011). The presence of such a
torus is the key to explaining the observed differences
in the spectra of type-1 and type-2 Seyfert nuclei by
the torus blocking our direct view of the broad emission
lines and the thermal continuum emitted by the accre-
tion disc (AD). It is also believed that the dusty torus
radiates in the infrared, as a result of heating by shorter
wavelength radiation from the accretion disc and X-
ray emitting corona. Closer to the centre the dust is
completely (or largely) sublimated and delayed infrared

variability gives us the estimate of radius of the “dust
holes” around the central source (Oknyanskij & Horne
2001), i.e., the radius of the region where the dust is
absent. The work we present here is a continuation of
our series of papers in which we measure the radius
of the “dust holes” in the NGC 4151 and other AGNs
from the delay of the variability in the near infrared
relative to the optical variability (see details and refer-
ences at Oknyanskij et al. 1999, Oknyanskij & Horne
2001, Oknyansky et al. 2014a,b). Despite the signif-
icant growth in theoretical and observational studies
of AGNs in the IR, our knowledge of the dust, its ori-
gin, kinematics, and detailed morphology remains very
incomplete.

The number of IR lags determined at different
wavelengths for AGNs is not large. At the time of
publications by Oknyansky et al. (1999), Oknyanskij
& Horne (2001), there were just a few estimates of IR
lags at different wavelengths. The first results were
somewhat controversial. Some objects (NGC 4151,
GQ Comae) showed a sharp increase of lag with
wavelength in the IR. These differences in the lags
(the lags in the L band were 3 times longer than in
the K band) were in a good agreement with simple
model predictions that cooler dust is farther from the
centre than hotter dust (Barvainis 1987). Therefore
Oknyansky & Horne (2001) considered those results to
be normal and used the observed increase to correct
observed IR lags for red shift. However, at that time
at least one object, Fairall 9, was known to have about
the same lags for the H, K and L bands. Oknyanskij
et al. (1999) interpreted this in the following way:
if the minimum distance from the central source to
the dust clouds corresponds to a brighter state of the
nucleus well before the interval under study, then the
differences in the lags for K and L will be insignificant,
as was observed in the Fairall 9. If, alternatively, this
minimum radius roughly corresponds to the maximum
nuclear luminosity in the interval under consideration,
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then a marked difference in the lags for K and L
must be observed, as it was the case for NGC 4151.
This interpretation gives us observational prediction
for NGC 4151 - at another time when it goes into a
low state we will see similar IR lags for different IR
wavelengths. This was indeed found for NGC 4151 in
subsequent papers by Oknyansky et al (2006, 2014a,b).
In order to investigate the reliability of these results,
we have been collecting all available time lag data in
different IR bands for AGNs to see how often this
phenomenon is observed.

2. Observed IR time lags

Table 1 gives published and new measurements of
time lags between variations in different near- and
mid-IR bands relative to variability of the optical or
UV continuum for as many AGNs as possible. Some
new results in Table 1 were obtained applying our
MCCF (Modified Cross-Correlation Function) method
(Oknyanskij 1993)) to published photometric data.
Examples of MCCFs are given just for NGC 7469 in
Fig. 1. In most cases our results are in a good agree-
ment with results obtained before using other meth-
ods. In a few cases, our new results (for Ark 120,
Mrk 509) disagree with the values obtained before by
Glass (2004). These differences arise in part because
of possible misprints in Glass (2004), some differences
in the optical data sets used, reduction to a common
photometric system, and the cross-correlation methods
used. Glass took into consideration some unpublished
optical data whereas we have used some additional
published optical data, which were not used by Glass.
Support for our values for the IR lags for Ark 120
and Mrk 509 comes from them being in good agree-
ment with the luminosity—IR delay relation (Oknyan-
skij 1999; Okyanskij & Horne 2001). As can be seen
from Table 1, for most of the objects, time lags at dif-
ferent IR bands are similar. Only for one object, GQ
Comae, do we see difference at about a factor of three
between lags in the L and K bands. A similar dif-
ference was seen for NGC 4151 but only during the
long, very high state which was the only one during
last 110 years (Oknyanskij et al. 2013). The probabil-
ity of observing an object exactly in its highest state
is not large. Perhaps this is the reason why we see
similar IR lags at different wavelengths for most of ob-
jects. The similar IR lags at the near and mid-IR were
recently predicted in the model of a compact IR re-
gion as a part of dust torus by Honig & Kishimoto
(2011). They considered the case in which the dust
is located much farther then the sublimation distance.
For the more realistic case of an IR region that is not
too compact, the predicted values of the peak of the
cross-correlation functions are too low in comparison
to observed ones. Some new observations show that

hot dust clouds radiating in the mid-IR are located
more in the polar regions (Honig et al. 2013) than in
the torus. Those results were explained by optically-
thin, dusty wind which is launched from the hottest
and inner region of an optically-thick dusty disk. The
beginning of this outflow with the hottest dust can be
connected also with near-IR radiation. So we consid-
ered an alternative model where the variable near- and
mid-IR radiation arises from the near side of a hollow,
bi-conical outflow of dust clouds.
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Figure 1: Cross-correlation functions calculated with
the MCCF method for NGC 7469 using IR, (Glass 1998)
and optical (Lyuty 1995) observations during 2008-
2013. See also Oknyansky (1999) and Oknyanskij &
Horne (2001) where the IR lags for the object were
found first time.

3. A hollow, bi-conical, outflow model

If, as it is often depicted, the dust is in a flattened
distribution in a plane approximately perpendicular to
the line of sight, the lag, 7, gives the distance, c7, of
the emitting region from the central source. Therefore,
if the IR lags are similar, as seems here usually to be
the case, dust of different temperatures would be at ap-
proximately the same radii. An alternative possibility,
that does not require dust of different temperatures to
be at similar radii, is that the hot dust is the inner
surface of a hollow conical outflow. As it is shown in
Fig. 2, the part of the cone on the nearside of the
AGN has its surface approximately tangential to the
iso-delay surfaces for response to variations of the con-
tinuum when viewed from near face-on (as is usually
the case for type-1 AGNs). The cone on the far side
gives a much more spread out response and, since the
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Table 1: Infrared lags in different bands, previously published and measured in this work.

Object Time delay, Bands Time References References to data
days (1 from 2) 1(2) Interval to results (for new results)
NGC4151 18£6 K(U) 1969-1980 Oknyanskij (1093)
24+6 L(U) Oknyanskij & Horne(2001)
35+8 K(U) 1985-1998 Oknyanskij et al. (1999)
8+4 H(U)
97 + 10 L(U)
104 + 10 K(U) 1998-2003  Oknyanskij et al (2006)
94 + 10 H(U)
105 + 10 L(U)
41+5 KH(U) 2003-2006 Oknyanskij et al. (2008)
105+5 L(U)
94 + 10 L(J)
37+5 K(U) 2003-2007
40+6 JHKL(B) 2008-2013  Oknyansky et al. (2014a,b)
NGC 6418 37+2 3.6pm(B) 2011-2013 Vazquez et al.(2015)
47+3 4.5pm(B)
40+5 3.6pm(B) This work Vazquez et al.(2015)
50+ 5 4.5um(B)
NGC 7469 52 £+ 15 K(U) 1984-1996  Oknyanskij & Horne(2001) Glass(1998), Luyty(1995)
60 + 10 L(U)
50 + 10 H(U) This work
88 K(V) 2001 Suganuma et al.(2006)
54 K(V) 2002
87 K(V) 2001-2002
70+5 H(V) 2001 This work Suganuma et al.(2006)
88 +5 H(V) 2002
53+5 K(V)
48+ 5 H(V)
NGC 5548 47 K(V) 2001-2003 Suganuma et al.(2006)
48 K(V) 2001 Suganuma et al.(2006)
48 + 4 K(V) 2001-2003 This work
37+6 H(V)
55 + 4 K(V) 2001
52 +4 H(V)
NGC 3783 41+£8 J(B) 2006-2009 Lira et al. (2011)
66 + 6 H(B)
76 + 14 K(B)
74+5 J(B) This work Lira et al. (2011)
7548 H(B)
86 + 8 K(B)
F9 ~20 + 100 J(UV) 1982-1998 Clavel et al.(1989)
385 + 100 K(UV)
250 £ 100 H(UV)
410 + 110 L(UV)
GQ Comae 250 K(UV) 1980-1989 Sitko et al. (1993)
700 L(UV)
260 + 20 K(UV),K(V) Oknyanskij (1999) Sitko et al. (1993)
70 £ 20 L(V)
WPVS48 66 + 4 J(B) 2013 Pozo Nufiez et al. (2014)
T4L5 K(B)
68 +4 K(B) This work Pozo Nuiez et al. (2014)
PGC 50427 48 £ 2 J(B) 2013 Pozo Nuiiez et al. (2015)
AT+ 2 K(B)
M 509 100 K(U) 1985-2001 Glass (2004)
60 L(U)
104 + 20 J(B) This work Glass (2004)
139 +20 HK(B) Chuvaev et al.(1997)
153 + 20 L(B)
MCG-6-30-15 11+4 J(B) 2006-2011 Lira et al.(2015)
17+4 H(B)
19+4 K(B)
Ark 120 315 U(L) 1986-2001 Glass (2004)
95 + 30 JHKL(B) This work Glass (2004)

Doroshenko & Lyuty(1999)
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Figure 2: Cross section (in light days) of the inner wall
of the near side of a hollow, bi-conical outflow (thick
dashed arrows). Iso-delay paraboloids are shown at
20 day intervals. The horizontal dashed line shows the
location of the optically-thick mid plane which obscures
our view of the other side of the bi-cone (not shown).

material in the equatorial plane (what will be come the
accretion disc) is optically thick, the response of the far
side of the cone is probably not seen. We show the in-
ner wall of the near side of the hollow bi-cone in Fig.3.

IR and optical light curves of an object are con-
nected through a response function ¥(7) that depends
on geometry and physical properties of the emitting
medium:

o0

Frr(t) ~ const + / () Fopt(T —t)dr (1)

— 00

U(7) can be explained as a response of the medium
to a central source’s UV impulse in the form of the
d-function. We assume that the optical and UV vari-
ability occurs almost simultaneously. We can obtain
U(7) from a model or we can try to estimate it from
the real data using some methods for solving ill-posed
inverse problems (see the next paragraph). Then we
can investigate the structure and physical properties of
the emitting medium through comparison of response
functions, obtained from observational data, with ones,
predicted by different models.

We have calculated ¥(7) directly for our model via
Monte-Carlo simulations with 10000 dust cloudlets
distributed randomly within the hollow bi-conical
space given by parameters H, Rin, Rmaz, B, @, A
(see Fig. 3). We also take into account the dependence
of the UV flux on distance to the central source S
and the anisotropy of the UV radiation. To get the
U(7), we consider a short d-function UV pulse at
t = 0 and treat each cloud as a point-like object which

Figure 3: Geometry of the near side of the proposed
hollow bi-conical dust distribution.

re-radiates in the IR only when it receives the UV
pulse at a time lag 7. The lag is simply due to light
travel effects. We obtain two response functions for
two different regions: one close and one further away
from S (see Fig. 4).

4. Reconstruction of response functions from
real data

Unfortunately, we cannot obtain ¥(7) directly from
(1), because the observational data are unevenly spaced
and have long gaps. So we propose a new approach
for recovery of the response function that combines
the cross-correlation analysis of observational unevenly
spaced time series and Tikhonov regularization.

As can be easily shown, the cross-correlation
function CCFg,,F,,, is a convolution of the auto-
correlation function ACFp, , with U(7):

U(1)ACFF,,, (T — t)dr

COFFIRFopt N/ (2)

— 00
There are several methods of cross-correlation anal-
ysis which allow obtaining cross-correlation function
for unevenly spaced time series. We use the MCCF
method (see details and references at Oknyansky et al.
1999, 2014a). The advantage of the MCCF method is
that it imposes a limit on the interpolation which is
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T It will be of interest to investigate this in other objects.
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Figure 4: Monte Carlo simulations (using 10,000 5 |
clouds) of response functions for thin conmical shells. 0.6 i ]
H =901, 8 = 20°, a = 30°, Aa = 5°, Fyv ~ O
1/R?, axial anisotropy of the UV radiation is given by & -
Fuyv ~ [cos()(1 4+ 2cos(7)/3)]*/? (Netzer 2015). Solid 8 04r ]
line: Rpjn = 120 1d, Riae = 140 1d; dashed line: &
Ronin = 140 1d, Ryqr = 160 1d. N is the number of © i ]
clouds responding per day. G 02 i i
necessary for unevenly spaced data. For our purposes 20 20 .60. — 80- * -106 1éO ‘] 40'
we used only the central part of the MCCF peak with .
the length 80 days (40 days from the peak delay). Time delay (days)
The eq. (2) is a Fredholm integral equation of the
Figure 5: Upper: the reconstructed response

first kind with the convolution kernel. This is an ill-
posed problem. Such problems can be solved using
the Tikhonov regularization approach (Tikhonov et al.
1995) that allows one to find approximate solution, tak-
ing into account a priori information about the func-
tion sought, e.g., the smoothness of the solution or its
closeness to some model (Koptelova et al. 2005).

Assuming that ¥(7) is a square integrable function,
we compose the Tikhonov smoothing function:

— ACFg,, W3, + o] |3,
(3)

Provided that the regularization parameter « is cho-
sen according to the discrepancy principle, the solution
U of the minimization problem for M*[¥] can be con-
sidered as an approximate solution of (2).

Results of the reconstruction of the response
function for the Seyfert galaxy NGC 7469 with the
suggested approach based on observational K and
V light curves in 2002 (Suganuma et al. 2006) are
presented in Fig. 5. The reconstructed response
function has two peaks. Two peaks are also observed
in the theoretical response function in Fig. 4. Perhaps
this is a characteristic feature of our proposed model.

MO‘[\II} = ||CCFFIRFopt

function W(r) for the Seyfert galaxy NGC 7469.
Lower: CCFp, F,(t), calculated from K and V band
lightcurves (dotted line), and ACFp, * ¥ for the re-
constructed response function (solid line).

5. Cosmological applications

The ability to measure cosmological constants using
the time delays of the near-infrared variability relative
to the optical one was first mentioned by Kobayashi
et al. (1998) and independently by Oknyanskij (1999,
2002). At the same time it was first shown (Oknyan-
skij 1999, 2002; Oknyanskij & Horne 2001) that for a
number of AGNs the time delay of variability (in the
K band) depends on the UV luminosity as 7 o Lllj/é
in accordance with the theoretical result of Barvainis
(1987, 1992). In the recent publications Yoshii et
al. (2014) and Honig (2014) considered in detail the
possibility of estimating cosmological parameters on
the basis of measuring the dust sublimation radii

in AGNs. Of particular interest is the ability to
measure distances to objects with large redshifts, z.
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For large z it is necessary to take into account the
possible dependence of the delays on wavelength in
the IR range and to make any appropriate correction.
The equation for such a correction was derived by
Oknyansky & Horne (2001) on the basis of the theory
(Barvanis 1987) and observational data available at
that time. However, as we have found now, the IR
delays do mot depend significantly on wavelength for
most AGNs. The significant difference in IR lags with
wavelengths can be just a temporary, rare situation in
particular objects, as happened in the case of NGC
4151 just when it was in its very high state. Therefore
for most of cases for a wide range of z the IR lags can
be easy corrected to the rest frame just by allowing
for the time dilation (i.e., dividing by (1 + z)).

6. Conclusions

We find that most AGNs show at best only a small
increase of lags in the J, H, K, and L bands. Just one
object, GQ Comae (which is a high-luminosity AGN),
probably has big differences in the IR lags (lag for L is
about 3 times bigger than for K). A similar difference
in IR lags was observed temporarily in NGC 4151 when
it was in a very high state. Probably this big difference
in IR lags is at epochs when the dust is intensively
sublimated. During more normal times when the dust
region is located much farther out than the sublimation
distance, the time lags are about the same.

Our model with hollow bi-conical outflow of the dust
clouds does not contradict to the existence of the dust
torus. Moreover, the torus and accretion disc in the
model are needed to block the IR light from farther
part of the conical outflow. Also the torus can be a
reservoir for the dust in the outflow.

In the Table 1, a significant number of the objects
(5 out of 11) with similar IR lags have been observed
to change their Seyfert type. This could just be the
result of these objects having been studied particularly
well. At the same time our model can explain cases
of changing Seyfert type. In the very low luminosity
states of some objects, when they look like Seyfert 2s,
dust creation can commence in the gas clouds in the
hollow of the conical outflow. So the thickness of the
conical shell with dust clouds will be bigger and some
of the dust clouds can be on the line of sight and block
the broad line region from view and the object will be
classified as a type 2 (see the same idea for the torus
model in Mason 2015).

Our model can explain not only the similar IR lags
at different wavelengths but also the high correlation
values for IR and optical variations. Furthermore, the
model can better explain the observed luminosity in
IR since the IR-emitting region (i.e., the dust cone)
has a higher covering factor and hence is getting more
UV radiation than in the case of the flat compact IR-

emitting region.

Finally, we note that the relative wavelength inde-
pendence of time lags in the IR simplifies the use of
these time delays to estimate luminosities and hence
estimate cosmological parameters.
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OF THE ALGOL-TYPE STARS USING THE NAV ALGORITHM
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ABSTRACT. Phenomenological characteristics of the
sample of the Algol — type stars are revised using a re-
cently developed NAV (“New Algol Variable”) algorithm
(2012Ap.....55..536A, 2012arXiv 1212.6707A) and com-
pared to that obtained using common methods of Trigo-
nometric Polynomial Fit (TP) or local Algebraic Polyno-
mial (A) fit of a fixed or (alternately) statistically optimal
degree (19940AP.....7...49A, 2003ASPC..292..391A).

The computer program NAV is introduced, which al-
lows to determine the best fit with 7 “linear” and 5 “non-
linear” parameters and their error estimates. The number
of parameters is much smaller than for the TP fit (typi-
cally 20 — 40, depending on the width of the eclipse, and
is much smaller (5 — 20) for the W UMa and B Lyrae —
type stars. This causes more smooth approximation taking
into account the reflection and ellipsoidal effects (TP2)
and generally different shapes of the primary and secon-
dary eclipses. An application of the method to two — color
CCD photometry to the recently discovered eclipsing
variable 2MASS J18024395 + 4003309 = VSX J180243.9
+400331 (2015JASS...32..101A) allowed to make esti-
mates of the physical parameters of the binary system
based on the phenomenological parameters of the light
curve. The phenomenological parameters of the light
curves were determined for the sample of newly discov-
ered EA and EW — type stars (VSX J223429.3+552903,
VSX J223421.4+553013, VSX J223416.2+553424, US-
NO-B1.0  1347-0483658, UCAC3-191-085589, VSX
J180755.6+074711= UCAC3 196-166827). Despite we
have used original observations published by the discov-
erers, the accuracy estimates of the period using the NAV
method are typically better than the original ones.

Keywords: Stars: variable — stars: eclipsing
1. Introduction
Phenomenological modeling is an effective tools to

study newly discovered or poorly studied eclipsing binary
stars, for which there is no sufficient information on spec-

tra/temperatures and mass ratio. This additional informa-
tion is needed for physical modeling using the algorithm
of Wilson and Devinney (1971) also discussed by Wilson
(1994). This method is implemented in some different
programs, like BinaryMaker (Bradstreet, 2005), PHOEBE
(Prsa A. et al., 2011), series of programs written in the
Fortran language (Zota et al. 1997, 2010).

The physical modeling of close binary stars is dis-
cussed in detail by Kopal (1957), Tsessevich (1971), Kall-
rath and Milone (2009).

The phenomenological modeling of variable stars has a
long history starting from hand-drawing of the light curve
and further algebraic polynomial fits of the parts of the
light curve or trigonometric polynomial (TP) fits.

The statistically optimal degree of the polynomial (or
other more complicated model) may be determined using
at least three criteria and their modifications (see An-
dronov 1994, 2003 for reviews).

2. Approximations of Minima

The “local” approximations of the extrema including
polynomials, splines, asymptotic parabolae, asymmetric
hyperbolae, running parabolae and sines were discussed
by Andronov (2005). The Gaussian shape was an usual
approximation for spectral lines in the era preceding syn-
thetic spectra, and, besides measuring Doppler shifts, was
used also for minima determination of eclipsing variables
and, in a modified form, by Mikulasek et al. (2012).
However, the Gaussian function has no abrupt switch
from zero to the zero profile, thus it is not possible to de-
termine from the fit the value of the eclipse duration — one
of the main parameters needed for the General Catalogue
of Variable Stars (Samus’ et al., 2015).

Andronov (2012ab) compared few limited — width ap-
proximations and proposed the following approximation:

xc =Cp +Cy cos(2np) + C3 sin(2rgp) +
+ C4 cos(4rg) + Cs sin(4ng) + )
+CeH(¢/Cg,Co)+C7H((¢—-0.5)/Cg,Cy)
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Here the shape of the eclipse is described as

L n3/2 : <
H(z,a) = I=1z[""", if [z<1 2)
0, if [z]>1
The usual determination of  phase is

¢=¢ —int(& = &), where & =(t—Ty9)/ By, Typ is the
initial epoch, £ is period, and ) is the minimal limit of
the interval ({o <@ <y+1) of possible values of ¢ .
Classical approach is the interval of phases [0,1), i.e.
¢ =0, with an additional notification that one may ex-
tend the main interval by adding any integer number E to
the phase, as the light curve is suggested to be periodic:
m(¢+ E)=m(¢) . This obvious extension may be real-
ized at computer programs either by doubling the data
with a shift of £ =1, or by using suitable values of ¢,

for different parts of the light curve. As typically the ini-
tial epoch and period are defined so that the primary min-
imum corresponds to ¢ =0 (or close to 0) and the sec-

ondary minimum — to ¢ =0.5. Thus for Eq. (1) it is suit-
able to choose §y =—0.25.
In previous papers, we have used the values 7y

and £y, which were determined by other methods (e.g.

trigonometric polynomial). Andronov et al. (2015b) im-
proved the method NAV to make possible differential
corrections

¢=¢—int(g ~Go)+Ciy +Cpp - (t=Th), (€)
where 7] is some moment of time, which is recom-

mended to be close to the mean time 7 for partial or-
thogonalization of basic functions (Andronov, 1994,
2003). The corrected values of the light elements are (An-
dronov et al. 2015b):

_ T+ —CiohTh

T
o 1-Cp Ry

“4)

R

- fo )

A

We also use additional parameters (the relative depths
of the primary and secondary minima, respectively)

d =1-10"% d, = 11047 and their combina-
tions Y =d,+d, and & =d;/dy =F /F,. Here ] and
F, are relative values of the mean brightness of the

eclipsed part of star. The value of Y varies from 0 (no
eclipses) to 1 (both full eclipses).

Assuming a simplified model of uniform brightness
distribution and spherical symmetry of components
(Tsessevich 1971, Shulberg 1971, Andronov 1991,
Malkov et al. 2007, Andronov and Tkachenko 2013), one
may estimate physical parameters.

As generally the primary minimum is defined to be
more deep than the secondary one (however, it may be not

the case, if the minima are of the same depth within error
estimates), it corresponds to the case, when the star with
larger surface brightness (and so temperature) is eclipsed
by a cooler component.

Papageorgiou et al. (2014) proposed the simplest para-
bolic approximation of the light curve in four fixed phase
intervals, which has the simplest program realization. The
number of parameters (12) is the same as in our NAV
approximation, but the NAV approximations are continu-
ous, allow to determine the width and corrections to the
initial epoch and period. However, the NAV approxima-
tion needs more computational time.

Mikulasek (2015) proposed another special shape for
the eclipse as

2 4 r
F,= A(l + C% + Kl‘;] 1—{1 - exp{l —cosh(gﬂ} (6)

from which some are similar to that we used in the NAV
approximation, i.e. the characteristic width D is propor-
tional to the eclipse half - width Cg, A = Cg (for a primary
minimum) or 4 = C; (for a secondary minimum), and, for
small phases ¢ — 0, @ — 2r for “sharp” eclipses » <1

and else @ — 2. Two additional parameters C, K should
generally produce closer coincidence of the approximation
to the observations, but also larger statistical errors of the
parameters. Obviously, the number of parameters may
also be increased in the NAV algorithm, as was discussed
by Andronov (2012ab), but currently we try to make stud-
ies using small modifications of the initial algorithm.

3. Application to Concrete Stars

For the analysis, we have used photometric observa-
tions of 6 newly discovered eclipsing binary stars of dif-
ferent types, which were published in the “Open European
Journal on Variable Stars” (OEJV).

The phase light curves and their best fit appoximations
(including non-linear optimization for the parameters Cg
...C1p) are shown in Fig. 1 — Fig. 6. For the preparation of
figures, the program MCV (Andronov and Baklanov
2004) was used. The parameters are listed in Table 1.

The analysis shows that the corrections of the period re-
lated to the parameter Cj, range typically from 1o to 7o,
so sometimes are statistically significant. The error esti-
mates for the period using our method are typically better
than the original ones, for two stars from 6 by a factor of
10-12. Similar situation is present for the initial epochs. We
conclude that the current improvement of the method by
adding parameters Cy; and C); is efficient for the determi-
nation of the initial epoch and the photometric period.

Among the coefficients C, ...Cs for this sample of
stars, the largest value for a given star is typically of
C,, which corresponds to a “double frequency wave”
due to the ellipticity effect.
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Figure 1: The phase light curve for the star
VSXJ223421.4+553013. The observations are shown as
blue dots, the black lines show the NAV approximation

and £1o error corridors.
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Figure 2: The phase light curve for the star
VSXJ223416.2+553424. The observations are shown as
blue dots, the black lines show the NAV approximation

and £1o error corridors.
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Figure 3: The phase light curve for the star
VSXJ223429.3+552903. The observations are shown as
blue dots, the black lines show the NAV approximation
and 1o error corridors.
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Figure 4: The phase light curve for the star USNO-B1.0
1347-0483658. The observations are shown as blue dots,

the black lines show the NAV approximation and +lc
error corridors.
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Figure 5: The phase light curve for the star UCAC3 191-
085589. The observations are shown as blue dots, the

black lines show the NAV approximation and +1c error
corridors.
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Figure 6: The phase light curve for the star UCAC3 196-
166827=VSX J180755.6+074711. The observations are
shown as blue dots, the black lines show the NAV ap-
proximation and 1o error corridors.
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Table 1. Characteristics of the NAV approximations

VSX 1223421.4+553013 VSX 1223416.2+553424 VSX J223429.3+552903
(Lehky 2009a, OEJV 99, #3) | (Lehky 2009a, , OEJV 99, #2) (Lehky 2009a, OEJV 99, #1)

C, 0.39800.0003 0.9876+0.0006 3.2393+ 0.0027

G, 0.0013+0.0004 -0.0014+0.0009 -0.0159+0.0032

C; -0.0038+0.0004 0.0014+0.0007 0.0092+0.0020

C, 0.0036+0.0004 0.0019+0.0007 0.1170+0.042

Cs 0.0015+0.0004 -0.0024+0.0007 0.0040+0.0038

Cs 0.2714+0.0026 0.1325+0.0025 0.1786+0.0103

C, 0.0695+0.0015 0.0109+0.0023 0.1475+0.0109

Cs 0.0456+0.0004 0.0546+0.0008 0.0985+0.0042

Co 1.56£0.04 3.19+0.19 1.93+0.24

Cio 1.69+0.08 3.97+2.33 1.96£0.30

Cp -0.0002+0.0001 0.0010+0.0003 -0.0067+0.0014

Cpr (-1.89+0.93) '10°° (4.08+1.93)°10°° (-3.35+0.50) 107

Too 54373.28108+0.00035 54387.58563+0.00040 54387.35274+0.00040

Po 1.324325+0.000150 1.105815+0.000009 0.387245+0.000009

To; 54442.14572+0.00017 54466.09957+0.00035 54462.47568+0.00056

P, 1.3243217+0.0000012 1.1058209+0.0000021 0.3872400+0.0000020

d 0.2212+0.0018 0.1148+0.0020 0.1517+0.0080

d 0.0620+0.0013 0.0100+0.0021 0.1270+0.0087

Y 0.2832+0.0024 0.1248+0.0030 0.2787+0.0140

v 3.5662+0.0759 11.4929+2.4366 1.1941+0.08260

Min [ 0.674 £0.002 1.12140.002 3.519 +0.007

Max | 0.390 £0.001 0.984+0.001 3.112 £0.003
USNO-B1.0 1347-0483658 | UCAC3 191-085589 VSX J180755.6+074711
(Lehky 20090, (Moos et al. 2013, (Franco et al. 2010,
OEJV 115, #1) OEJV 156, #6) OEJV 135, #1)

C 3.0073+0.0033 15.3314+0.0035 14.8996+0.0012

C, -0.0005+0.0033 0.0034+0.0040 0.0050+0.0017

C; 0.0180+0.0018 -0.0139+0.0025 0.0056+0.0018

C, 0.1109+0.0047 0.1301+0.0051 0.0278+0.0026

Cs -0.0035+0.0034 -0.0066+0.0038 -0.0006+0.0014

Cs 0.2627+0.0142 0.2882+0.0256 0.2250+0.0061

C, 0.2383+0.0140 0.3432+0.0153 0.0324+0.0071

Cs 0.1124+0.0042 0.1095+0.0037 0.0866+0.0023

Co 1.65+0.18 1.24+0.18 1.41+0.08

Cio 1.23+0.13 1.38+0.11 0.41£0.63

Cp 0.0012+0.0012 0.0022+0.0011 -0.0011+0.0007

Cp (3.64+£3.94) 10 0.0048+0.0014 0.0004+0.0002

Too 55068.50679+ 0.00075 55948.67692+0.00405 55381.44874+0.00344

P, 0.2576355% 0.0000009 0.27448+0.00107 0.861209+0.00013

To1 54881.46373+ 0.00030 55949.22649+0.00029 55387.47629+0.00058

P, 0.2576357+0.0000010 0.27484 +£0.00038 0.86154+0.00014

d 0.2149+0.0103 0.2331+0.0181 0.1879+0.0055

d 0.1971+0.0104 0.2710+0.0103 0.0294+0.0064

Y 0.4120+0.0171 0.5041+0.0227 0.2165+0.0083

Y 1.0906+0.0613 0.8602+0.0674 6.3740+1.3713

Min [ 3.380+ 0.011 15.753+0.025 15.157+0,004

Max | 2.878+ 0.003 15.187+0.003 14.866+0.002
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The stars USNO-B1.0 1347-0483658 and UCAC3
191-085589 show unequal maxima (O’Connell (1951)
effect). This effect is more pronounced in the coefficient
C; than Cs. This is in a good agreement with theoretical
expectations (cf. Davidge and Milone, 1984).

In future, possibly it will have sense to exclude the
term with Cs from the mathematical model (1), if still be-
ing within the error estimates. This will be decided after
analyzing a larger sample of stars.

The parameter @ (Eq. (2)) (i.e. Cy, Cy for the pri-
mary and secondary minimum, respectively) is typi-
cally seen in the range from 1 to 2. The outstand-
ingly small value of C,(=0.41£0.63 for VSX
J180755.6+074711 also does not differ from this range
within error estimates.

In our sample, the exception for both minima is present
in VSX J223416.2+553424. The secondary eclipse is very
shallow, but is still seen in the noisy observations,

Large values o>>2 typically correspond to a total
eclipse or a transit and a large difference in radii. For this
case, Andronov (2012a) proposed a possible extension for
the expression (2) assuming that the eclipse starts at some

non-zero value Zpy, SO

0<zy<z<1.

(7

For the present noisy observations, such a complication
due to using an additional parameter z seems not to be
effective. This object is also extreme in our sample due to

a very large brightness ratio y=11.5+2.5 and thus large
relative temperature difference. Multi-color are needed for
a more detailed study similar to that described by An-
dronov et al. (2015a) for the object 2MASS J18024395 +
4003309 = VSX J180243.9 +400331.

4. Conclusions

Parameters of the phenomenological modeling are de-
termined for 6 newly discovered eclipsing binary stars of
different types.

The initial algorithm (Andronov, 2012ab) was improved
by adding two parameters allowing to make corrections to
the initial epoch and period. The corresponding error esti-
mates are typically significantly better than that obtained
using other methods. This improvement of accuracy is more
efficient for the EA — type stars, i.e. relatively short eclipses.

In our sample, there are 3 stars of the W UMa — type.
They all show distinct eclipses, contrary to the GCVS
statement that EB and EW — type objects are systems
“having light curves for which it is impossible to specify
the exact times of onset and end of eclipses” (Samus’ et
al. 2015). We propose to correct this definition.

The presence of eclipses is to be justified by statistical

significance of the parameters C, and C, (eclipse
depth), otherwise should be classified as “elliptic” (ELL).

For a fixed declination i, one may expect an increase
with relative radii of the components (and thus from EA to

EW types) of the parameters C; (eclipse half-width),
C,, C, (proximity effects), C; and C, (eclipse depth).
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PHOTOMETRY AND MODULATION OF LIGHT CURVES
IN THE BLAZHKO STAR V365 HER

S.N. Udovichenko

Astronomical Observatory of I.I.Mechnikov Odessa National University
T.G.Shevchenko Park, Odessa 65014, Ukraine, udovich222Qukr.net

ABSTRACT. The photometric CCD observations
for the Blazhko RR Lyr type star V365 Her in As-
tronomical stations near Odessa (Ukraine) have been
carried out. The light curves in V system were ob-
tained and the frequency Fourier analyse was per-
formed.The strong Blazhko effect and modulation of
the light curves were detected. From Fourier spectra
15 frequencies were identified.

Key words: Stars: oscillations — stars; variables: RR
Lyr — stars: individual: V365 Her.

1. Introduction

The variability of the star was
found by C.Hoffmeister in 1936. The star thoroughly
was investigated by V.P.Tsessevich, which determined
the primary elements of period: Max. hel. J.D. =
2436047.522 + 0.6130535 - E, and discovered the so-
phisticated shape of light variation curves, known as
Bllazhko effect (40.64 day) (Tsessevich, 1961, 1966).
He mentioned, that the curve of maximum height
shows considerable dispersion, and it seems, that the
most part of time we observe the weakened maxima
and only in some time intervals (short-term) we ob-
serve the maxima in the considerable heights. It in-
dicates in modulation of a light curves by additional
frequencies, and the star represents the scientific inter-
est for observations. Visual observations in 20 century
were carried out by Hoffmeister and Tsessevich. Now
V365 Her is known as RR Lyr-star type (RRab) with
amplitude 12.™7 — 14.m0 (P), has period 0.9613138,
Kholopov et al. (1985).

2. Observations

The photometric CCD observations of V365 Her in
Astronomical stations near Odessa in observation sea-
son 2009-15 have been carried out. Two stars were
chosen as comparison and check stars (comp=UCAC4-
558-060233, check=UCAC4-558-060246). The 48 cm
reflector AZT-3 with the f/4.5 Newtonian focus and
CCD photometer with chip Sony ICX429ALL (600x800

pixels), equipped with V filter, Peltier cooler were used
(Udovichenko, 2012). The hermetic housing and ther-
moelectric (Peltier) cooler provide a temperature dif-
ference between the crystal and the environment of
about -40°C, and the temperature was supported by
a constant. The exposure time for variable and com-
parison stars for the most part were chosen to except a
saturation of frame and consist 90 sec. More then 5600
CCD frames were gathered during 55 nights. The re-
ductions of the CCD frames were carried out using the
MUNIPACK (Motl) software. The procedures for the
aperture photometry are composed of the dark-level
and flat-field corrections and determination of the in-
strumental magnitude and precision. The all set of ob-
servations are shown in fig.1. The errors on individual
data points vary between 0.005 mag to 0.01 mag.

AV
-1.2

-

-0.8

-0.4

2456800

2455970 JD

2455140

Figure 1: The all data set of observations V365 Her.
3. Frequency analysis

For all observations of V365 Her were determined
the magnitudes comparatively of comparison star.

The frequency analyses were performed using a pack-
age of computer programs with single-frequency and
multiple-frequency techniques by using utilize Fourier
as well as multiple-least-squares algorithms (program
Period04, Lenz and Breger, 2004). The pulsation pe-
riod was determined with this package as the highest
peak on the Fourier amplitude spectra. The all light
curves V365 Her with pulsating period are shown on
fig. 2. These phase curves were computed from ele-
ments:

MaxHJD = 2454978.403 4- 0.613182 - E.
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Table 1: Identified Fourier amplitude and phases of the
pulsation and modulation frequencies in light curves of
V365 Her.

2455005.391
2455059.338
2455067.319
2455097.367
2455355.527
2455411.336

2455804.382
2455823.383
2456159.387
2456183.311
2456210.284
2456422.466

2456828.398
2456836.361
2456839.427
2457283.362

The maximum of the light curves amplitude variation is
1.3 mag, minimum 0.8 mag, and strong Blazhko mod-
ulation of amplitude reach about 0.5 mag and phase
modulations up to 0.05. The power spectra of basic
frequency and after prewhitening is shown in Fig. 3.

After prewhitening of basic frequency the harmon-
ics of basic frequency kf0 and triplet of frequencies
kfy+f,,, responsible for modulation of light curves was
found. The Fourier amplitude and phases of the pul-
sation component identified in the spectra of the light
curves of V365 Her are presented in Table 1. The basic
frequency denoted as fy, the modulation frequency of
Blazhko effect denote as f,,,. We find triplet of frequen-
cies foptfp, but, perhaps, there are more frequencies in
the pulsation spectra of V365 Her. From obtained data
the mean period of Blazhko effect amount 14¢.6.

The time of maxima V365 Her presents in Table 2.
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Figure 3: The Fourier amplitude spectrum of basic fre-
quency and after prewhitening. The spectral window
shows inside first picture.
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Subsection Virtual observatories and intensive data
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ABSTRACT. The two new catalogues for the zero
zone of the FON project were created after the processing
of two different collections of digitized photographic
plates. The photographic plates were received at the DAZ
and DWA telescopes of the Kitab observatory of the Re-
public of Uzbekistan (KO UAS) and of the Main astro-
nomical observatory in Kyiv (MAO NASU) in the number
of 90 and 120 plates, respectively. The digitization of
these photographic plates in the frame of the Ukrainian
Virtual Observatory project was performed by means of
the Epson Expression 10000XL scanner with the scanning
resolution of 1200 dpi. The coordinates of stars and galax-
ies for the both catalogues are determined in the system of
the Tycho2 catalogue. The stellar magnitudes of all ob-
jects are done in B-magnitudes of the photoelectric stan-
dard system. The difference between the calculated and
the reference positions is equal 6,5 = +£0.06-0.07". The
internal accuracy of the both catalogues for all objects is
645 = £0.20", o = £0.18"™ and 6,5 = +0.27", o = £0.17",
respectively. We present the comparison of these both
catalogues with each other and with the Tycho2, UCAC4
as well as PPMX catalogues and discuss the results.

Keywords: photometric — methods: data analysis — cata-
logs, virtual observatory tools — astrometry - techniques

1. Introduction

On the basis of the processing of different sets of ob-
servational data of the FON project (Kislyuk et al., 2000,
Yatsenko et al., 2011) for the zero zone were created two
star catalogues of the positions and stellar magnitudes.
This work was done by the using of the resources of the
Ukrainian Virtual Observatory UkrVO (Vavilova et al.,
2012, Vavilova et al., 2012). The sets of observational
data consist of the photographic plates exposed with the
Double Wide Angle Astrograph (DWA, 40/200, 103"/cm,
Goloseevo, h=186m) and the Zeiss Double Astrograph
(DAZ, 40/300, 76"/cm, Kitab, h=657m). The catalogues
were created on the basis of photographic plates digitized

KIEV, MAO NASU, DWA(D/F=40/200), 103"/mm, 1px=2.17", 13000x13000

S=61
7.8°x7.8°
k=120

Ao =16min

—_— —

—  —

KITAB, UBAI UAS, DAZ(D/F=40/300), 67"/mm, 1px=145", 13000x13000

S=R7
5.2°x5.2°
k=90

Figure 1: Scheme and the relative size of the overlapping
zones for the MAO NASU and KO UAS.

by the using of the Epson Expression 10000XL scanner
(Andruk et al., 2010, Golovnya et al., 2010, Protsyuk et
al., 2014, Protsyuk et al., 2014, Protsyuk et al., 2014). The
reduction procedure was done with the software that was
previously used in the series of works (Andruk et al.,
2014, Muminov et al., 2014, Yizhakevych et al., 2014,
Protsyuk et al., 2014, Kazantseva et al., 2015) and is de-
scribed in detail in the following publications (Muminov
et al., 2015, Andruk et al., 2015, Andruk et al., 2016). The
photographic plates were scanned with a spatial resolution
of 1200 dpi, the size of each plate is 30 x 30 cm (13000 x
13000 pixels). The working areas (see Figure 1) are 7.8° x
7.8° (1 px=2.17") and 5.2° x 5.2° (1 px = 1.45") for the
DWA and DAZ telescopes respectively. The versions of
both catalogues were obtained by the processing of single
scans without the rotation of the plates on the 90°. This
approach allows to save resources for the storing and pro-
cessing information more than twice times without the
loss of accuracy of the results. The software concept and
the steps of the processing of digitized photographic plates
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for the zero zone will be then applied for all photographic
plates of the FON project exposed as in Kyiv (sky area
from 0 to 90 degrees) and as well as in Kitab (sky area
from 0 to -20 degrees) respectively.

2. The processing of the digitized photographic
plates and creating of the catalogues

The processing of these two digitized sets of photo-
graphic plates exposed with the DWA (120 plates) and
DAZ (90 plates) telescopes was performed on the base of
the common method which was developed and has been
applied in practice in the MAO NASU. The steps of the
processing of the scanned photographic plates are:

1. Conversion of the tiff-format files to the fit-format

files using the GIMP package.

2. The processing of the scans wusing the MI-
DAS/ROMAFOT package to obtain the rectangular
coordinates X, Y and instrumental magnitudes of reg-
istered objects.

3. The dividing of the registered objects into two expo-
sures for each digitized plate.

4. The creating of the files with the reference stars for
each digitized plate using the Tycho2 catalogue.

5. The creating of the files for the relationship between
the rectangular and equatorial coordinate systems of
reference stars.

6. Correction of the rectangular coordinates of registered
objects for systematic errors.

7. Reduction of the rectangular coordinates X, Y of reg-
istered objects in the system of equatorial coordinates
a, & of the Tycho?2 catalogue.

8. Conversion of the instrumental photometric values of
objects to the system of photoelectric By, stellar mag-
nitudes of the Johnson's system.

For the calibration of the characteristic curves of the
photographic plates, the recording photometric field errors
and the conversion of the instrumental photometric values
to the system of photoelectric Bpe stellar magnitudes of
the Johnson system were used data from the catalogues
(Kornilov et al., 1991, Mermilliod, 1991, Andruk et al.,
1995, 1996, Relke, et al., 2015). For the plotting of the
characteristic curves of photographic plates was used the
photometric information of both exposures.

The process of the creating of the CAT1 and CAT2
catalogues for the two sets of observations at the DWA
and DAZ telescopes was as follows. In the overlapping
zones of the photographic plates the identification and
selection of candidates in stars and galaxies was carried
out according to the following criteria:

1) the difference between equatorial coordinates should

not be greater than the size of the one pixel

2) the difference between stellar magnitudes should not ex-
ceed = 2 mag (because of the accounting of variable stars).
If the found candidate meets the selection criteria at

least on two plates, it was included in the list of the ob-
jects for the catalogues. For the non-overlapping areas of
the plates of DAZ telescope the candidates in stars and
galaxies were implemented by the direct identification
with the objects from the UCAC4 catalogue (Zacharias et
al.,, 2013). The CAT1 and CAT2 catalogues contain

1320108 and 1795840 stars and galaxies up to Bph <
16.5™ (the photographic magnitudes of the Johnson sys-
tem) for the epoch of 1990.35 and 1983.29 respectively.
The CAT1 and CAT2 catalogues cover the zones of width
up to 8° (from -4° to +4°) and of width up to 5.2° (from -
2.6° to + 2.6°), respectively. As the result of the compar-
ing CAT1 and CAT2 catalogues was received a third
MCAT catalogue, which contains the averaged data for
the 669480 stars and galaxies.

3. Internal errors of the catalogues

The distribution of internal errors of defined equatorial
coordinates ca, 66 and photometric magnitudes cBph of
stars and galaxies on the intervals of stellar magnitudes of
the three catalogues are given in the table 1. The average
errors are provided at the top of the table 1 and their cor-
responding values for three catalogues are equal:

G, = £0.279", £0.208", £0.105"; 05 = £0.273", £0.201",
+0.157"; oppn=£0.168™, £0.176™, £0.140™,

Table 1. The errors of the defined equatorial coordinates
and stellar magnitudes for the three catalogues

Bph Gy, O, OBph
mag arcsec mag
CATI1
6.6 =£0.286 =+0.249 +0.204
7.6 0.218 0.178 0.155
8.6 0.138 0.119 0.116
9.6 0.086 0.082 0.081
10.6 0.066 0.066 0.061
11.6 0.062 0.064 0.068
12.6 0.106 0.108 0.094
13.6 0.190 0.192 0.119
14.6 0.285 0.278 0.162
15.3 0.355 0.346 0.212
16.3 0.395 0.396 0.262
17.1 0.455 0.416 0.156
CAT2
6.6 =+0.203 +0.356 +0.296
7.6 0.264 0.224 0.264
8.6 0.148 0.143 0.231
9.6 0.097 0.094 0.175
10.6 0.064 0.064 0.134
11.6 0.057 0.059 0.086
12.6 0.106  0.107 0.093
13.6 0.162 0.159 0.116
14.6 0.179 0.177 0.144
15.5 0.218 0.215 0.201
16.2 0.263  0.253 0.193
17.1 0.258 0.289 0.278
MCAT
6.7 =+0.173 +0.203 +0.333
7.6 0.139 0.142 0.209
8.6 0.093 0.095 0.160
9.6 0.070 0.061 0.110
10.6 0.056  0.046 0.077
11.6 0.050  0.045 0.067
12.6 0.062 0.078 0.087
13.6 0.090 0.133 0.103
14.6 0.111  0.167 0.148
15.3 0.123  0.191 0.170
16.2 0.132 0.207 0.182
17.1 0.132  0.187 0.491
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4. Actual accuracy (external errors) of the catalogues

The results of the comparison of the three catalogues
with the reference Tycho2 catalogue are presented in the
second part of the table 2 as well as on the figure 2.
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Figure 2: The trend of the errors of astrometric reduction
with the B-magnitude for the three catalogues relative to
the reference Tycho-2 catalogue.

We point out that the errors of astrometric reduction for
the reference stars of the Tycho2 catalogue do not exceed the
value of cas = + 0.07”. The comparison of the calculated
equatorial coordinates of the created catalogues was also
made with the equatorial coordinates of the UCAC4 (Zacha-
rias et al., 2013) and PPMX (Roeser et al., 2008) catalogues.
The results of the comparison are given in the third and
fourth parts of the table 2 as well as on the figures 3 and 4.
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Figure 3: The trend of the errors of differences in equato-
rial coordinates with the B-magnitude for the three cata-
logues relative to the UCAC4 catalogue.

The astrometric errors of the created catalogues relative to
the UCAC4 catalogue are: o, = £0.294", +0.349",
+0.200"; 65 = £0.299", £0.312", £0.189". The error values
relative to the PPMX catalogue are: o, +0.260",
+0.274", £0.186"; 65 = £0.273", £0.261", +0.188".
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Figure 4: The trend of the errors of differences in equato-
rial coordinates with the B-magnitude for the three cata-
logues relative to the PPMX catalogue.

The photometric errors for the new three catalogues are
presented on the figure 5.
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Figure 5: The trend of the errors of differences in magni-
tudes with the B-magnitude for the three catalogues rela-
tive to the photo electrical B-magnitudes.

The photometric errors were determined by the com-
paring of the stellar magnitudes of our three catalogues
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with the photoelectric values of reference photometric
catalogues. The calculated results are presented at the bot-
tom of the table 2. For the three catalogues the error val-
ues are as follows: opy, = £0.159™, £0.224™, +£0.140™.

Table 2. The external errors of the three catalogues

CATI1 CAT2 MCAT
N 320108 1795840 669480
Gy 0.279" 0.208" 0.105"
s 0.273" 0.201" 0.157"
GBph 0.168" 0.176™ 0.140™
TYCHO2
109757 64810 63580
0.061" 0.066" 0.049"
0.061" 0.066" 0.049"
0.204™ 0.227™ 0.196"
UCAC4
997693 1795840 552149
0.294" 0.349" 0.200"
0.299" 0.312" 0.189"
PPMX
862911 630307 475880
0.260" 0.274" 0.186"
0.273" 0.261" 0.188"
Pe.Bmag
2987 1710 1448
0.159™  0.224™ 0.140™

5. Some remarks

The "Photographic Survey of the Northern Sky" (FON
project) was proposed by the Main astronomical observa-
tory Academy of Sciences of Ukraine, Kyiv (MAO
NASU) (Kolchinsky et al., 1977; Kolchinsky et al., 1979).
The idea of this project was due by the situation in the
field of photographic astrometry in the early seventies of
the twenties century. Some observatories of the former
Soviet Union (Goloseevo, Zvenigorod, Dushanbe, Abas-
tumani and Kitab) equipped with identical astrographs
produced by the “Carl Zeiss Jena” (DDR) took part in this
project. The observatories finished the observations at the
end of the 90s of the XX century and have in their ar-
chives thousands of the photographic plates waiting for
the reduction. The archive of the Kitab observatory (zone
from -20° to +30°) contains about 2600 photographic
plates. Now the staff members of the Kitab observatory
have organized the digitalization of the photographic
plates of the “FON” project.

6. Conclusion

The created star catalogues of the positions and stellar
magnitudes (Bph) of the zero zone of the Kyiv and Kitab
parts of the FON project will be posted on the web pages
of the MAO NASU and the Astronomical Institute of the
Uzbek Academy of Sciences. The catalogues contain the
equatorial coordinates of stars (o, 8) on the equinox
2000.0 as well as the stellar magnitudes (Bph). We pro-
vide the errors definitions of these values and number of
determinations as well as an additional information in the
form of the average values for the diameters of star im-
ages f (FWHM) and the values of the maximal intensity in
the center of object images (cInt).
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CATALOG OF POSITIONS AND B MAGNITUDES OF STARS
IN THE CIRCUMPOLAR REGION OF NORTHEN SKY SURVEY
(FON) PROJECT
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ABSTRACT. The catalog of star positions and
B-magnitudes for the circumpolar region (from 58° to 90°
in declination) of Northern Sky Survey project has been
created under the motto of the rational use of resources ac-
cumulated in UkrVO JDA (Joint Digital Archive) in MAO
NASU. The total amount of processed plates is 477. Digi-
tizing of astronegatives has been carried out using Microtek
ScanMaker 9800XL TMA and Epson Expression 10000XL
scanners, with the scanning mode — 1200 dpi, the linear size
of the plates — 30x30 cm or 13000x13000 px. The catalog
contains 1 975 967 stars and galaxies with B < 16.5™ for the
epoch of 1985.28. The coordinates of stars and galaxies
were obtained in the Tycho-2 reference system, and B-
value in the system of photoelectric standards. The internal
accuracy of the catalog for all the objects is 6,5 = = 0.23
"and og = £ 0.12™ (for stars in the range of B = 8" -14™
errors are 6,5 = + 0.11" and o = + 0.06™). Convergence
between the calculated and reference positions is 6,5 = +
0.06 "(for 171 124 stars from Tycho-2), and the conver-
gence with photoelectric stellar B-magnitudes is op = +
0.15™ (for 5130 stars). External accuracy from the com-
parison with UCAC-4 is 6,5 ==+ 0.33 "( 1 928 367 stars and
galaxies were cross identified).

Keywords: virtual observatory tools — astrometry — tech-
niques: photometric — methods: data analysis — catalogs

1. Introduction

For the creation of the circumpolar region star catalogue
477 plates of the FON project (Kislyuk, 2000; Yatsenko,
2011) were digitized and processed. The catalogue covers
the region from 58° to 90° in declination and includes posi-
tions and B-magnitudes of stars. The work is done with the
involvment of collected resources of UkrVO JDA (Joint
Digital Archive) (Vavilova, 2012; Vavilova, 2012).

The process of digitizing the UkrVO archives was not
limited to photographic surveys relatively homogeneous
in quality. Plates, obtained in a variety of observational
programs and received on different instruments with dif-
ferent methods, different structures of object images, digi-
tized with different models of scanners were taken into
processing. The variety of digitized material required con-
stant upgrading of software and finding new approaches to
its solution. The algorithms and methods developed in this

investigation permit to resolve many problems of plates
processing from different observational archives.

The FON plates were obtained with four-fold overlap-
ping on both coordinates. For this catalogue in some areas
with distances £2° from the centers of plates on the decli-
nation the two-fold overlapping was used. The overlap-
ping along the strips on the right ascension is made with
4°/cosd shift of plate centers. The centers of adjacent strips
are spaced apart from each other by 4° on declination. The
number of plates in the RA stripes shown in the Table 1.

All the plates were obtained with MAO NASU DWA
(Double Wide-angle Astrograph, D/F=40/200, 103"/mm,
h=186m). The linear dimensions of the most plates are
30x30 sm (8x8°).

Table 1. Number of plates in each RA stripe.

DEC N DEC N DEC N
88° 8 76° 53 64° 50
84° 25 72° 51 60° 102
80° 24 68° 58 56° 106

The plates were digitized using Microtek ScanMaker
9800XL TMA and Epson Expression 10000XL commercial
scanners with the resolution 1200 dpi. The dimensions of the
digital image fields are up to 13000x13000 px (1px = 2.17").
This version of the catalogue is obtaines from the processing
of single scans without turning the plate by 90°. This permits
to save resources for storage and processing the data in half
without losses in accuracy ( Andruk, 2016). The results of
scanners’ testing, principles and stages of astronegative digi-
tal image processing are stated in the series of publications
(Andruk, 2005, Andruk, 2007, Andruk, 2010, Golovnya,
2010, Protsyuk, 2014, Protsyuk, 2014, Protsyuk, 2014). The
results of the software testing arer described in (Kazantseva,
2015; Protsyuk, 2014; Andruk, 2014; Muminov, 2014;
Vavilova, 2014; Yizhakevych, 2014).

2. Separation of stars into two exposition sets
The FON plates were obtained with two expositions: the

long and short of 16-20 minutes and 30-60 second respec-
tively. For astrometric catalogue star images of short expo-
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sition are not used and should be excluded at the initial step
before the astrometric solution. Stages and functional de-
pendences of different parameters in the separation of de-
tected objects into two sets are shown on Fig.1. Upper pan-
els demonstrate the correlation between instrumental
photometric values of long and short expositions m, u m; at
initial and final stages of separation on the left and right
sides of the figure correspondingly. Differences of magni-
tudes Am reduced to the mean value are given on the panels
b, d in relation to m; and the distance from the center of the
plate R. The differences of distances between centers of
images Ar are given on the panel ¢ in relation to m;. The
differences of rectangular coordinates AX, AY are pre-
sented on the panels e, f relative to the rectangular coordi-
nates Y, X. The lower panels (g, h, j) show the real and
pre-calculated histograms of distribution Am, AX, AY,
shown with solid and dashed lines, respectively. It will be
recalled that the value of the AX, AY differences’ rotation
in relation to the center of rectangular coordinates Y, X
depends on the declination of the plate. The mutual rotation
of two frames is absent at the equator.

m, LI I I B N B B B m, T T T T T [ T T T T T
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Figure 1: Stages of processing and functional dependences
of different parameters in separation of star images into
two exposition sets on the example of the test plate.

3. The magnitude equation

When calculating the tangential coordinates the special
attention is given to the accounting of the magnitude equa-
tion mdtX and mdtY. It was found that for the plates ex-
posed on astrographs the magnitude equation becomes
significant for stars from B = 11™ and its influence in-
creases with the brightness of stars.

Fig. 2 shows the magnitude equation for the long expo-
sition of the test plate with two expositions and Fig.3 pre-
sents the residual differences after its elimination. Fig.2
demonstrates the differences Aa, Ad between observed
and catalogue positions in relation to star image diameters
f,, instrumental photometric values m;, magnitudes B and
color indices B-V of Tycho-2 before the corrections for
systematic errors of the scanner. From plots it is obvious
that the magnitude equation is linear on all sections of f,,
and B and there the quadratic dependence on instrumental
photometric values m; exists. Fig.3 shows the trend of
residual differences in coordinates after the correction for
the magnitude equation and the errors of the scanner.

Figure 2: The magnitude equation for the long exposition
detected on the plates with two expositions of the FON
project.

Aa AS
> . . . T 1 e T . . T 1
0 sonvaml)—| o annsel—
[ 0ga = 0112 al?[ 05 = o104 a ]
1 n 1 1 I I n 1 n 1 n 1 "
40 30 20 10 rn 40 30 20 10 f
2 . . — 2 T . —

Figure 3: The residual differences in coordinates after the
corrections for the magnitude equation and the scanner
errors.
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4. Astrometric solution in the Tycho-2 reference system

In each step of catalogue creation the star catalogue
TYCHO-2 was taken as reference. The accuracy of it is
Ora,peEc = £0.060", 6, = £0.0025"/yr, 6y = +0.10™ for its
all 2 539 913 stars.

For all scans of plates with the field dimensions up to
8x8° the tangential coordinates & m were calculated by
equations (1). The same formulae were used on the stage
of scanner systematic errors Aa, Ad studying.

&= artaXifitasYifit aRimitasfy; + Y b XY™,
(1=0+6, m=0-+6, I+m=n, n=1-+6)

ni= crterXifitesYifit caRimy +esfy + YdinXi'YS™,
(1=0+6, m=0-+6, I+m=n, n=1+6)

)

Here, 1= 1,2,...n — number of reference stars; X;, Y; and R; —
rectangular coordinates and distances of stars from the cen-
ters of plates; m; — photometric measured data of stars; f,,; —
diameters of star images (FWHM); coefficients a,, a;, a4 and
C,, Cs3, ¢4 define coma affects, coefficients as, ¢s — taking into
account the magnitude equation, which is calculated sepa-
rately; coefficients of the full sixth-order polynomial by, u d,
(27 terms) in the generalized case describe the aberrations of
telescope optics with the systematic errors of the scanner
included. A step-by-step description of scanner systematic
errors exclusion is set out in (Andruk, 2015).

Fig. 4 shows the results of the test plate processing. On
the left side the trend of telescope systematic errors G, O
over the plate field is shown. Right panels demonstrate
the trend of the residual differences Aa, Ad. Negative and
positive values of differences are shown by horizontal and
vertical strokes which have linear dimensions according
to the scale of values presented on the figure. Errors are
obtained by averaging within 250x250 px cells.
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Figure 4: The distribution of errors and residual differ-
ences over the plate field as a result of the astrometric
solution.

5. Photometric reduction into the system of photo-
electric B-magnitudes

The reference system for the photometric solution is
based on the photoelectric Bj.-values from catalogues
(Kornilov, 1991, Mermilliod, 1991). The stages and prin-
ciples of astronegative characteristic curve restoration
accounting the field photometric equation and the data of
two expositions are described in (Andruk, 2012). The ap-
proximation of the characteristic curve and determination
of photographic B-magnitudes By, for all 477 plates were
carried out by the least square method solution of the set
of equation (2):

Bi =¢ + 62Xi + 63Yi + 64Ri + €5R12 + 66Ri4 + anmin
(n=1,2,...5) 2)
Here, i = 1,2,...n is the number of photoelectric data for
standard star on the plate; X;, Y; u R; are the rectangular
coordinates and the distances from the center of the plate;
m; — instrumental photometric evaluations; coefficients e,,
€3, €4, €s, € define the field photometric equation; f; f; 5,
fy, fs describe the functional form of the characteristic
curve. The equation (2) was chosen as minimizing the
errors of the reduction into the reference B,. system in the
best way.

6. Catalogue creation

When creating the catalogue the next steps were under-
taken:

1. Digitizing of astronegatives using Microtek Scan-
Maker 9800XL TMA and Epson Expression
10000XL scanners with 1200 dpi resolution.

2. Conversion of the tiff-format files to the fit-format
files using the GIMP package.

3. Calculation of the rectangular coordinates X, Y,
photometric instrumental evaluations m, f,, and other
parameters using the MIDAS/ROMAFOT package
for all registered objects.

4. Astrometric reduction of all objects into Tycho-2
reference system to obtain their position a, 6 at the
epoch of plates’ exposure.

5. Conversion of instrumental photometric evaluations
m into the reference system of photoelectric
By.-magnitudes.

6. Calculation of mean values of equatorial coordinates
a, O and stellar magnitudes B for stars and galaxies
in the limits of RA-overlapping of scans for each RA
stripe. Elimination of artefacts.

7. Averaging of o, d, B values in the overlapping areas
between RA stripes.

8. Preparation of the catalogue of positions o, 6 and stel-
lar magnitudes B and its supplementation with proper
motions data p,, p; from UCAC4 (Zacharias, 2013).

The processing of scans was carried out using MI-
DAS/ROMAFOT software package. The photometric
equalization of scans was made by taking into account the
individual flat-field calculated for each plate separately
(Andruk, 2005). The number of registered objects on the
astronegatives, exposured in the areas of Milky Way
reaches 300 000. The total number of objects found on the
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whole set of 477 plates is around 25.933 million ones of
different origin. Equatorial coordinates a, & for all objects
are obtained in the reference system of Tycho-2 at the
epoch of exposition of each plate. As a rule, the reduction
was made for full fields of plates with dimensions §°x8°,
the exception was made for the high-latitude zones (84°
and 88°) with a much smaller dimensions of processed
fields. Photographic Bp,-magnitudes of objects were de-
rived from equations (2) for characteristic curves of astro-
negatives calibrated with photoelectric Bj.-magnitudes.

The final positions and B-magnitudes of stars and gal-
axies as well as their errors were calculated by equations
(3) and (4):

0= (0/00+ 00/60) /| (1/64°+1/647)

8= (81/05° + 8y/05,") | (1/o5°+1/05°) 3
By = (Bi/og; ™+ By/og,") / (1o, ™+ 1/op,7)
0u= (1/ (loyw*+1/6,2))"
o5= (1/ (/o5 +1/ox7)) " 4

os= (1/(1/og*+1/op2))”
7. The accuracy of the catalogue

The comparison of 171 124 reference stars of the cata-
logue with Tycho-2 gives the errors of the astrometric
reduction o5 = +0.06".

The errors of photometry were derived from compari-
son of calculated stellar magnitudes with the photoelectric
values of 5130 stars from the photometric reference cata-
logues. The errors are og = + 0.12™.

The comparison of the catalogue with UCAC-4 gives
the positional errors in relation to UCAC4 at the level of
G = £0.33" (1 928 367 stars and galaxies were cross-
identified in both catalogues).

8. Conclusion

The comprehensive software was developed and im-
plemented in the Department of the Astrometry MAO
NASU to process the digitized astronomic negative plates
as well as to obtain the final product in the form of a cata-
logue of positions and stellar magnitudes of stars and gal-
axies. The above version of the catalogue created in the
circumpolar zone of FON project contains 1 975 967 stars
and galaxies down to B < 16.5™ at the epoch 1985.28. The
positions of objects are obtained in the reference system of
Tycho-2. The stellar magnitudes B are in the system de-
fined by photoelectric standards. The internal accuracy of
the catalogue for all objects is o,5 = +0.23" and op =
+0.12". For the stars in the interval of magnitudes B = 8™
-13™ the errors are o,5=%0.11" and og= +0.06™.

The convergence of the coordinates with the Tycho-2
reference system obtained on 171 124 stars is o,5= +£0.06".
The convergence of magnitudes with the photoelectric val-
ues B, for 5130 stars is o= +0.15". The positional er-
rors of the catalogue derived on 1 928 367 cross-identified
stars in comparison to UCAC4 are o,5 = +0.33".

The algorithms and methods of plate digitizing and
processing and the software developed in the Department
of Astrometry MAO NASU is now applied for the total

set of exposured plates of the FON project with the aim of
creating the catalogue of positions and B-magnitudes of
the whole northern sky from 0° to 90° on declination.

The created star catalogue of the positions and stellar
magnitudes of the circumpolar zone of the FON project
will be posted on the web pages of the MAO NASU and
UkrVO. The catalogue contains the equatorial coordinates
of 1975967 stars and galaxies (o, 8) on the equinox
2000.0 and the epoch 1985.28 as well as the stellar magni-
tudes (Bph). We provide the errors definitions of these
values and number of determinations as well as an addi-
tional information in the form of the average values for
the diameters of star images f,, (FWHM) and the values of
the maximal intensity in the center of object images (cInt).

Acknowledgements. The authors are grateful to the MAO
NASU ACISS for the technical assistance. The authors
thank Ph.D. P.F.Lasorenko for consultations. This work
was partially supported by the Ukrainian Astronomical
Association.

References

Andruk V.M. et al.: 2005, Kinem. Phys. Cel. Bodies, 21,
N5, 396.

Andruk V.M. et al.: 2005, Kinem. Phys. Cel. Bodies.
Supl., NS, 413.

Andruk V.M. et al.: 2007, J. Phys. Studies, 11, N3, 329.

Andruk V.M. et al.: 2010, Kinem. Phys. Cel. Bodies, 26,
N3, 75.

Andruk V.M. et al.: 2012, Visnyk KNU, Astronomy, N48,
11 (in ukraine).

Andruk V.M. et.al.: 2014, Odessa Astron. Publ., 27/1, 53.

Andruk V.M. et al.: 2015, 2015arXiv, in press.

Andruk V.M. et al.: 2016, Kinem. Phys. Cel. Bodies, 32,
N1, 56 (in press).

Golovnya V.V. et al.: 2010, J. Phys. Studies, 14, N2,
2902.

Kazantseva L.V. et.al.: 2015, Kinematics and Physics of
Celestial Bodies, 31, N1, 58.

Kislyuk V.S. et al.: 2000, Kinem. Phys. Cel. Bodies, 16,
N6, 483.

Kornilov V.G. et al.: 1991, Trudy GAIS, 63, 1.

Mermilliod J.C.: 1991, Homogeneous means in the UBV
system.

Muminov M.M. et.al.: 2014, Odessa Astron. Publ., 27/1, 57.

Protsyuk Yu.l et.al.: 2014, Odessa Astron. Publ., 27/1, 59.

Protsyuk Yu.l et.al.: 2014, Odessa Astron. Publ., 27/1, 61.

Protsyuk Yu.l et.al.: 2014, Odessa Astron. Publ., 27/1, 63.

Protsyuk Yu.l. et.al.: 2014, Kinematics and Physics of
Celestial Bodies, 30, N6, 54.

Vavilova L.B. et al.: 2012, Kinem. Phys. Cel. Bodies, 28
N2, 85.

Vavilova I.B. et al.: 2012, Baltic Ast., 21, N3, 356.

Vavilova I.B. et.al.: 2014, Odessa Astron. Publ., 27/1, 65.

Yatsenko A.L et al.: 2011, Kinem. Phys. Cel. Bodies, 27,
N5, 249.

Yizhakevych O. et.al.: 2014, Odessa Astron. Publ.,27/1, 67.

Zacharias N. et al.: 2013, 4J, 145, 44.



196

Odessa Astronomical Publications, vol. 28/2 (2015)

CATALOGUES OF THE FAINT OBJECTS
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ABSTRACT. The results of GRB observations are be-
ing published in the GCN Circulars in real-time. To study
all the objects in the sky areas around the GRBs we
identified them on the digitized MAO Double Wide angle
Astrograph (DWA) plates (D/F=40/200) within a circle
with the radius of dozens of arcminutes. We selected only
GRBs with the positional accuracy between +0.3" and
+7.5" and the range of magnitudes between 14™ and 20™.

We used MIDAS/ROMAFOT package to obtain the
catalogues of the faint objects in small areas in the GRBs
vicinity. For the plates of DWA telescope the positional rms
errors are = 0.20" for RA and DEC, the photometric errors
are = 0.20™. All positions were obtained in Tycho-2 system.

Keywords: gamma-ray burst, astronomical data base,
methods: data analysis

1. Introduction

Gamma-ray bursts are the most powerful explosions
known in the Universe. Now they are identified with the re-
gions of formation of massive stars in galaxies and the parent
short-lived explosions of massive stars, which have a random
spatial distribution in the sky (Sokolov et al., 2009; Raikov et
al., 2010; Kienlin.et al., 2014; Gerasim et al., 2015).

The astroplates give us an unique opportunity to identify
the optical counterparts of the GRBs and study all the ob-
jects in the vicinity of the registered GRB (Golovnya et al.,
2012, 2014; Pakuliak et al., 2013; Vavilova et al., 2014).
With this aim we used MIDAS/ROMAFOT software pack-
age to obtain catalogues of the faint objects in small areas in
the vicinity of the registered GRB. This software was de-
veloped at the MAO NAS of Ukraine for processing the
scanned records to get a high precision astrometric and
photometric data of objects (Andruk et al., 2005, 2007,
2010, 2014; Yatsenko et al., 2011; Golovnya et al., 2010).

2. Search of optical analogs of GRB

The results of GRB observations are being published in
the GCN Circulars in real-time (Barthelmy, 2015). The
Database of Joint Digital Archive (JDA) of Ukrainian
Virtual Observatory (UkrVO), which contains observa-
tional data obtained at Ukrainian observatories, was used
to search for optical analogs of GRBs on the astroplates
(Sergeeva et al., 2004; Vavilova et al., 2010, 2012a, 2012;
Pakuliak et al., 2012; Protsyuk et al., 2014).

Table 1 shows the optical coordinates of some GRBs
and their precision (sigm) from GCN Circulars, for which
the optical identifications were successful (Beardmore et
al., 2015; Goad et al., 2015; Osborne et al., 2015; Evans et
al., 2015). The table also lists numbers of the plates (N)
from JDA UkrVO for the corresponding objects.

Table 1: The number of plates (N) in JDA UkrVO

GRB RA, Dec, J2000 Sigm | N
hm s deg ' " "E

150728A | 19:28:55.28+33:54:57.8 | 4.1 3
150626B | 12:30:32.04+66:46:18.6 | 1.7 5
150607A | 09:19:57.25+68:26:09.6 | 1.4 3
150530A | 21:50:02.94+57:30:59.8 | 1.6 9
150527A | 19:15:50.32+04:12:06.9 | 1.5 9
150423A | 14:46:18.96+12:17:00.6 | 1.8 10
150323A | 08:32:42.74+45:27:52.8 | 1.9 6

However, the identification process was not always suc-
cessful. Let us give an example of the search for GRB
140419A (Osborne et al., 2014). At the first detection this
object had a magnitude of ~13.5, then it was increased to
12.5 in ~70 sec and then the brightness decayed fast to
~14.3"™ for about 350 sec (Guver et al., 2014). We found two
plates obtained in 1978 and 1990 with the desired areas, but
we could not find the optical analogue of this GRB. Also, no
optical counterpart was found in the close vicinity of GRB
140818B (Beardmore et al., 2014). But inspecting larger area
around this object, we found some images near GRB position
on both selected plates. Brightness of the objects was esti-
mated as V=15.0 and V=16.5 (Golovnya, 2014).

The five plates were found in JDA UkrVO for GRB
150212A and GRB 150213B, but they had no optical ana-
logue (Evans et al., 2015, Golovnya, 2015, Osborne et al.,
2015, Golovnya, 2015).

Three plates with the GRB150220A (Evans et al,
2015) were found with a limited magnitude of 16.4, 15.6
and 15.7 respectively. Two objects were found on plate
GUA040C002183, EPOCH=1993.2192. Fig. 1 shows
13'x13" area around GRB150220A with these two objects.
The coordinates and B magnitudes were obtained in the
system of TYCHO-2 catalogue with rms errors of 0.093",
0.099", 0.21™ for right ascension, declination, and magni-
tudes respectively (Golovnya & Andruk, 2015).
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Figure 1: The area of GRBI150220A with identified
Obj1 and Ob;j2

We observed the same field around GRB 150220A
with 0.7-m f/4 reflector of Kyiv comet station on Mar 10,
2015 during 18 days after the burst has been occurred. The
telescope is equipped with CCD (1027x1056 pixels with a
scale of 0.95"/px). We obtained 21 CCD frames with 60
sec expositions in R-filter (Romanyuk et al., 2015). The
individual frames were summed in order to increase the
signal. We did not find aforementioned images of Objl
and Obj2 on the final CCD frame. However, we con-
firmed some of the positions of X-ray sources reported
early by P.A. Evans. Table 2 contains the coordinates of
X-ray sources given by Evans et al. (2015) and their opti-
cal identifications made with the CCD.

Table 2: Source’s position as follows by P.A.Evans
(GCN 17501) and Ya.O.Romanyuk (GCN 17645).

GCN 17501 GCN 17645
hm s o hm s o
1]90131.65 | -013907.6 outside our field
2190130.74 | -013827.0 outside our field
319020855 | -013659.1 90208.1 [-013635
419020890 | -014020.1 extremely faint
5190128.27 | -013906.3 outside our field
619022529 | -0141149]902253 -0141 15
719014637 | -013813.9 | 901464 -01 38 14

We detected the optical counterpart (18.3™) of the GRB
151027A with 0.5-m telescope Mobitel KT-50 of the Ni-
kolaev observatory with Alta-U9000 CCD with R-filter
(Protsyuk & Kovalchuk, 2015).

3. Creation of catalogs of objects in the areas
around GRBs

As it was shown above, the optical counterparts of
some GRBs and X-ray sources can be identified with the
plates from the JDA UkrVO. With this aim we decided to
create the catalogues of faint stars in the vicinity of GRBs
(the catalogues are under development). At the first step
we scanned the plates with resolution of 1200 dpi, but in
order to increase a positional accuracy, we shall rescan the
plates with resolution of 1600 dpi.

Special tools were also developed, which allowed
obtaining the positions and magnitudes of faint stars with
accuracy of about & 0.20” and + 0.20™ respectively. Each
catalogue covers the sky area of about 10-20 arcmin and
contains the coordinates and magnitudes of about
hundreds of stars. The TYCHO2 or UCAC4 catalogues
are used as reference ones. The developed tools allow us
the fast cross-identification between the lists of the
obtained optical positions of the faint stars and GRB
coordinates (Protsyuk et al., 2014a, 2014). The catalogues
will be put on the UkrVO web-site after completing.
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RESEARCH OF THE LONG-TERM BEHAVIOUR OF THE PLEIADES
BY USING OF PHOTOGRAPHIC PLATES FROM UKRVO DIGITAL
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ABSTRACT. The Pleiades Star Cluster (M45) is one of
the most studied star clusters in the galaxy. At the same
time as part of the Pleiades are many long-period variable
stars, including flashing that need further study. Recent
work on the processing of photographic images of the
Pleiades obtained at different observatory revealed a num-
ber of star clusters with large variations in coordinates, the
reason you want to understand. Collection of UkrVO uni-
fied digital archive contains a number of plates with images
of the stars of the Pleiades obtained on different instru-
ments. Processing of this material allows to test out stan-
dard programs for digital astronomical images processing.
Also we will add information about variable stars and will
improve the coordinates and proper motions of cluster stars.
Selected material covers the period 1909 — 1999 years. The
plates have different margins, scale, number of stars on
images and obtained limiting magnitude. Exactly this di-
verse set of options lets you to be sure of results.

Keywords: virtual observatory tools — astrometry — tech-
niques: data analysis: star cluster — M45.

1. Introduction

Pleiades Star Cluster (M45) is one of the most studied
star clusters in the Galaxy, but still continues its active
research: rotation, inflation, and lithium in the Pleiades
(Somers, 2015); search for free-floating planetary-mass
objects in the Pleiades (Zapatero Osorio, 2014); empirical
isochrones, luminosity, and mass functions of the Pleiades
cluster (Bouy, 2015).

The Pleiades became the object of interest for digitiza-
tion: possible Cyclic Activity of the Pleiades’ Star (Ham-
baryan, 2003); for studying the long-term behaviors of the
Pleiades flare stars (Tsvetkov, 2002); search for extrasolar
Planets in the Pleiades (Yamamoto, 2013).

We are considering two problems: testing of a compre-
hensive program digitized images processing (Andruk,
2010) and search for changes in the laws of time astromet-
ric and photometric data for the stars of the Pleiades.

, LV 2125, Latvia, ilgmars@latnet.lv

2. Plates with Pleiades Star Cluster in UkrVO
archives and taken for processing

Now Joint Electronic Archive of UkrVO (Vavilova,
2012) has 339 M45 images in 16 particular archives,
which were obtained in the 8 observation points.

QAO Quito
Ecuador

Observatory Kabardino-Balkaria
The Peak Terskol

Majdanak Obs.
Mt Majdanak

ESS Zelenchuk 2

MAO
Kyiv

AOKNU TSh
Lysnyky

AOKNUTSh
Kyiv

AOLNU
Liv

16

Figure 1: Distribution of observation points data

In addition, we have included in the processing 38
plates of Research Institute “Nikolayev Astronomical Ob-
servatory” and 60 plates of Baldone observatory of Insti-
tute of Astronomy, University of Latvia.

Photographic plates were scanned using different scan-
ners. Digital images processing was carried out by one
and the same comprehensive program. Already wear
processed 36 plates for different instruments.

i

Figure 2: Scan images of plates with different scales.
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Work began recently, made only its initial stage, was
processed only 1/10 of the planned material, continues to
develop a standard approach to the accurate identification
of the stars in a large number of objects in an image, were
obtained astrometric and photometric data.

Table 1. Number of plates for each telescope.

Instrument AO D F N
m m
Zeiss Zonal Astrograph NAO 0,1 2,0 10
Zeiss-600 Terskol 0,6 7.5 4
Double Astrograph Repsold AOKNU 0,2 43 2
Double Long Focus Astrgraph MAO 04 5,5 9
Double Wide Angle Astrograph MAO 04 2,0 3
Baldone Schmidt Telescope BAO 1,2 24 4
Three-Camera Astrograph MAO 0,1 1,7 2
Unknown AOKNU 2

3. Preliminary results

The scans processing was carried out using MI-
DAS/ROMAFOT software package, with the individual
flat-field calculated for each plate separately (Andruk,
2005; Andruk, 2014).

" o O s o I O R L

E ] mr
10000 |- N 18 - &
E 1 12 &

5000 — r
L ] 8- -
¢n :\ B k:‘:i 1= fF] o R B A
0 5000 10000 x 15 12 o] 6 p

Figure 3: Digital image and the dependence of the magni-
tude for plate NOO78.

The processing of digital images of various sources has
been described repeatedly (Kazantseva, 2015; Protsyuk,
2014). We used the standard method of complex process-
ing and compared the results virtually the same region of
the sky for the various epochs and observation conditions.

Table 2. The internal accuracy for all objects on the coor-
dinates.

Instrument mean mean
rmsRA  rmsDE
Zeiss Zonal Astrograph 0,135"  0,150"
Zeiss-600 0,283 0,090
Double Astrograph Repsold 0,089 0,093
Double Long Focus Astrograph 0,056 0,050
Double Wide Angle Astrograph 0,096 0,087
Baldone Schmidt Telescope 0,129 0,108
Three-Camera Astrograph 0,092 0,087
Unknown 0,541 0,493
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Figure 4: The residual differences in coordinates after the
program corrections for plate NOO78.

Preliminary analysis of the material obtained allows us
to make some conclusions:

— Standard image processing of brightest stars requires
improvement.

— Photometric data require additional
information (filters, emulsion, exposure time, etc.).

— Preparation of O-C coordinates on different epochs
of observations demonstrate the manifestation of his own
movements, which are known for certain stars reach 21
mas/year for RA and 47 mas/year Dec.

account
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CROSS-MATCHING OF VERY LARGE CATALOGS
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ABSTRACT. Modern astronomical catalogs and sky
surveys, that contain billions of objects, belong to the “big
data” data class. Existing available services have limited
functionality and do not include all required and available
catalogs. The software package ACrld (Astronomical
Cross  Identification)  for  cross-matching large
astronomical catalogs, which uses an sphere pixelation
algorithm HEALPix, ReiserFS file system and JSON-type
text files for storage, has been developed at the Research
Institution “Mykolaiv Astronomical Observatory”.

Keywords: database, catalogs, virtual observatory.
1. Introduction

Cross-identification is a powerful tool which is used for
solving many astrometric and astrophysical problems.
Numerous programs and Web services (like CDS X-
Match Service http://cdsxmatch.u-strasbg. fr/xmatch) has
been developed for this in frames of Virtual Observatory
(VO). Unfortunately, their functionality and options are
restricted by next reasons:

— the limited list of catalogs which are available for
cross-identification;

—rigorously specified object identification algorithms;

— some restrictions and difficulties in cross matching
and uploading/downloading of large (hundreds of
thousands or more objects) user data sets.

2. Cross-matching of the astronomical data with the
software package ACrld (Astronomical Cross
Identification)

This software product is a package of console scripts
written in the Python programming language. There were
implemented the following steps:

1) Data preparation (preprocessing and pixelation of
selected catalogs);

2) Cross-identification of the objects;

3) Output and saving of the cross-matching results in
the user formats.

Most of astronomical catalogs and surveys are
available in two types: text (XML-format VOTable) or
binary and have different patterns of records. The first
stage is carried out to convert the selected digital catalogs
into a common format of the JSON-type text file. This

conversion allows you to describe all the different
catalogs with help of uniform rules and makes easier
adding other catalogs and lists of absolutely various
structure, origin and type. Standard form of catalog
description includes three files

1) General description;

2) List of files of the catalog (original, before
pixelation);

3) Description format.

The next stage of the preparation data of “big data”
type to cross-matching consists in partitioning the selected
file into separate fragments. The pixelation of the sphere
is frequent and efficient solution of many problems
because in astronomy we have deal with data distributed
on the celestial sphere. Pixelation means subdivision
spherical surface on numbered fragments of equal area.
Usage of pixelation allows not only to solve the problem
of celestial map representation and analysis, but is also
essential by constructing databases that require quick
search of celestial objects. Pixelation also does possible to
use several PC simultaneously for cross-matching of large
surveys. There are some systems of pixelation. We used
hierarchical grid with equal squares HEALPix
(Hierarchical Equal Area isoLatitude Pixelization) (Gorski
et al.,, 2005). Pixelation sphere has a number of
advantages over the previously used method of the sphere
division using the equatorial coordinates. However, there
is a technical problem when we divide sphere into pixels
to place them on the HDD (if the pixel size is about half
an arc minute, then their number will exceed 805 million).
Not every system can create so many files. For example,
the NTES file system (OS MS Windows) allows you to
create more than 4 billion files, but the creation of empty
805 million files of zero size takes about 320 GB of disk
space. You can’t also change the maximum number of
files available without formatting the partition in the ext3
and ext4 file systems (OS Linux) and there is need more
than 200GB (depending on the size of the cluster
partition) for the creation of 805 million empty files. It
turned out that the best choice for solving the problem is
ReiserFS file system, which was designed specifically to
work with a lot of small files. There are no restrictions on
the maximum available number of system files and 805
million zero size files occupy only 82 GB. After the
"zero" pixelation sphere, that is, after the creation of zero



Odessa Astronomical Publications, vol. 28/2 (2015)

201

size files, it is necessary to fill in their by respective
objects from the catalogs. As noted earlier list of catalogs
can be arbitrary because the unified files JSON-type text
format were created for all catalogs before pixelation
process. The actual process filling the pixels can last from
several hours to several weeks depending on the
computing capacity and size of the input catalog. It should
be noted that this version of the data preparation for cross-
identification requires high-capacity HDD for long-term
storage of the results of catalogs pixelation. The advantage
of this option is lack of necessity to build additional
indexes to locate the data quickly, since the role of the
search tree plays the file system itself in which files and
folders are named and arranged so that they are playing
the role of "frozen" fast path to data.

In general, the task of cross-identification astronomical
objects in different catalogs is search the same source in
some lists of coordinates. The main problems in this case
are different epochs of observations and different limiting
magnitudes of the catalogs. The first one requires taking
account proper motions and their error. This leads to the
fact that the use of only coordinate criterion for
identification does not always yield successful results. The
object may be absent in this neighborhood, or there may
be several candidate objects from another catalog.
Preliminary pixelation allows us to carry out a so-called
"cascade" cross-identification with using more than two
catalogs. This enables the construction of additional
filters, which ultimately reduces the error of false
identifications.

The ACrId software package has a wide range of
applications in our observatory. HealPix pixelation of
some basic astrometric catalogs, including the catalog of
XPM (Fedorov et al., 2009), which is not in the database
CDS, have performed. The results are used to calculate
and the study of the proper motions of stars.

Usage the software allowed us to obtain the first
version of the compiled catalog of stars with high proper
motion (HPM) on the whole celestial sphere (about
968,251 objects). The distribution of the stars in the
equatorial coordinates is shown in Figure 1.

Figure 1: Distribution HPM stars on celestial sphere in
equatorial coordinates.

As can be seen from the fig. 1, there are a huge number
of HPM stars with proper motion more than 150mas/year
on the Southern hemisphere. To validate this result, it is
planned to get a second version of the catalog using the
represented software with an expanded list of modern
celestial catalogs and surveys.

3. Conclusion

The software package of extra-large astronomical
catalogs pixelation and cross-identification "ACrId" is
used to division the celestial sphere on small plots of
equal area (pixels) for the following usage pixel
numbering as search index. Program "ACrld" allows you
to cross-matching an arbitrary number of catalogs with
any format and carry out multi-stage objects cross-
identification for the search common objects and

determinations their parameters.
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ABSTRACT. UkrVO plate archives contain information
obtained at different time periods and in different observa-
tories for the same regions of the sky [3, 5, 6, 7, 8]. It al-
lows us to carry out joint processing of plates and to receive
new results for interesting objects. To obtain proper mo-
tions of stars in circumpolar areas, we selected 34 photo-
graphic plates from the Rl NAO archive and 161 plates
from the archive of the MAO NAS. A mean epoch differ-
ence between the plates from these archives is 55 years.
Scanning of the plates and data processing were independ-
ently carried out by both observatories. A catalog of equato-
rial positions for 195 thousand stars up to 15™ was compiled
in the RI NAO (black dots in Fig. 1). A catalog of equato-
rial positions for 1050 thousand stars up to 16.5™ was com-
piled in MAO (gray dots in Fig. 1). A comparison of posi-
tions for common stars contained in these catalogs was
conducted. A catalog of proper motions for 30 thousand
common stars up to 15™ was compiled using these two in-
put catalogs. The obtained result suggests the advisability of
processing of all observations to receive proper motions of
stars up to 14-15™ in the declination zone of 65° to 90°.

Keywords: Astrometry — Proper motions — Astronomical
data bases — Catalogs — Virtual observatory tools.

1. Introduction

We selected photographic plates containing circumpo-
lar stars in declination zone of 65° to 90°. All plates in the
RI NAO archive were obtained with the Zonal Astrograph
(ZA, D/F = 12/204, 101"/mm, FoV 5°x5°). Selected plates
from the MAO archive were obtained with the Double
Wide-angle Astrograph (DWA, D/F = 40/200, 103"/mm,
FoV 8°x8°). The plates were obtained with up to four fold
overlap in MAO and usually without overlapping in the RI
NAO. Therefore, the same star was observed two to four
times in the MAO and one or two times in the RI NAO.

2. Virtual observatory tools

We compiled both catalogs in accordance with the VO-
Table standard, which was produced and endorsed by the
Executive Committee of the International Virtual Observa-
tory Alliance. Usage of the VOTable standard allows us to
apply wide range of VO tools to visualize and examine tabu-

lar data. For example, Aladin sky atlas allowed us to visual-
ize obtained equatorial positions, which are shown in Figure
1. Tool for OPerations on Catalogues And Tables (TopCat)
allowed us to carry out cross correlation of stars contained in
different astrometric catalogs and to examine linear correla-
tion of proper motions for found common stars.

FORAR, A% ghtarad

.....

oasroyase [

Figure 1: Equatorial positions of stars from two catalogs.

3. Data processing

The mean first epoch of 34 selected plates is 1930.3.
Total number of plates for the first epoch of observations
of circumpolar stars in the RI NAO archive is 196. The
mean second epoch of 161 selected plates is 1985.7. The
MAO archive contains about 2000 plates in the
declination zone of 65° to 90°. These plates were obtained
during the observation campaign of FON project. The
Russian or Ukrainian acronym FON stands for Photo-
graphic Survey of the Northern Sky.

Each selected plate from the MAO archive was scanned
only once with a resolution of 1200 dpi. Each selected plate
from the RI NAO archive was scanned five or six times with
a resolution of 1200, 1500 or 1600 dpi. As the result of plate
scanning at the MAO, we obtained two to four equatorial
positions for every star. The number of positions depends on
number of available plates, which cover a given region of
interest (ROI) in the sky. As the result of plate scanning at the
NAO, we obtained six to twelve equatorial positions for each
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star. The number of positions depends on number of scans
for one or two available plates in a given ROI. Both observa-
tories conducted the raw image processing by using the same
procedures and MIDAS/ROMAFOT package to obtain (X,
Y) coordinates [4]. Both observatories carried out astrometric
reduction in the Tycho-2 system by using different software,
namely OOplate in MAO and plate gr in NAO [1] to compare
obtained results of data processing.

4. Comparison of catalogs

The catalog of positions for 195 thousand stars up to 15™
was compiled in the RI NAO. The catalog of positions for
1050 thousand stars up to 16.5™ was compiled at the MAO.
Numbers of stars versus magnitude are shown in the left
part of Figure 2 as empty and filled circles for the R NAO
and the MAO catalogs respectively. Common ROI in the
sky for both catalogs are shown in Figure 1. Numbers of
stars in the common ROI are shown in the right part of Fig-
ure 2 as filled and empty circles for the RI NAO and the
MAO catalogs respectively.
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Figure 2: Number of stars for two input catalogs (left) and
number of stars in common ROI (right) vs magnitude.

Standard deviations (SD) of positions of input catalogs are
6, =+0.24" and 65 =+0.23" for the MAO catalogue, and 6, =
+0.10" and 65 = £0.17" for the RI NAO. Inner accuracies of
equatorial positions versus declination are shown in Figure 3
for both input catalogs. The plate gr software used in NAO
provides us better results than OOplate software used in
MAQO, especially near 90° (Figure 3).
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Figure 3: The SD of equatorial positions vs declination.

Using these two input catalogs as the first and the second
epoch of observation, we obtained a resulting ZA DWA
catalog of positions and proper motions for about 30 thou-
sand common stars. Number of stars versus magnitude for
the ZA_DWA catalog is shown in the left part of Figure 4.
We calculated inner accuracies of equatorial positions for

the ZA DWA catalog. The SD of positions in right ascen-
sion (RA) and declination (DE) are £73 mas for both equa-
torial coordinates. The SD of equatorial positions versus
magnitude are shown in the right part of Figure 4.

7000 300

o DEC
6000 250
5000

0
o

a0 B
z £ 150 £

w00 § . 4

0
2000 ! f
1000 U H |:| 50 S
. =il m
3 3

2 “ ® s 10 © 14 1
magnitude

magnitude

Figure 4: Number of stars (left) and SD of positions
(right) in the ZA DWA catalog vs magnitude.

We compared proper motions for the common stars in
the ZA DWA and Tycho2 catalogs. TopCat allowed us to
find common stars for these catalogs and to calculate pa-
rameters of linear correlation (LC) for proper motions of
stars in RA — p,-cosd and DE — ;. The coefficients of LC
in py-cosd (Figure 5) and ps are equal to 0.92 and 0.94
respectively for about 16 thousand common stars.
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Figure 5: LC of p,-cosd for our and Tycho2 catalogs.

The obtained result suggests the advisability of proc-
essing of all observations to receive proper motions of
stars up to 14-15" in the declination zone of 65° to 90°.
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ABSTRACT. To use accumulated resources of UkrVO
digital archive, analysis of the available photographic plates
containing images of Uranus and Neptune was conducted.
Data processing of selected plates was also caried out to
provide an estimate of positional precision and accuracy.
Archives of the Research Institute: Nikolaev Astronomical
Observatory (NAO), Main Astronomical Observatory of
National Academy of Science (MAO), Astronomical Obser-
vatory of Odessa National University (AO ONU), Astro-
nomical Observatory of Kyiv National University (AO
KNU) were used. Numbers of plates containing images of
Uranus and Neptune are, respectively, the following: 220 and
218 plates in NAO, 64 and 35 plates in MAO, 54 and 44
plates in AO ONU, 3 and 1 in AO KNU. Plates of NAO and
MAO have 2 or 3 exposures per plate, and other plates have
only one exposure per plate. The epoch of observation for
most plates is 1960 to 1998, and for only one plate is 1908.

All plates were scanned with the resolution not less
than 1200 dpi. Each plate of NAO was scanned 5 to 6
times. Plates containing images of Uranus and Neptune
were, respectively, scanned 618 and 952 times in NAO.
All plates of other observatories were scanned only once.
Raw image processing for scans containing images of
Uranus and Neptune was conducted for all scans obtained
in observatories. (X, Y) coordinates, (I) intensities and
FWHM values were obtained for images of all objects.

Star identification for scans containing images of Uranus
and Neptune was, respectively, conducted for 600 and 936
scans in NAO and for 71 scans in MAO. Coordinates of all
objects were obtained. Positional accuracy of reference
stars was estimated for 244 plates of NAO and 66 plates of
MAQO, and has value of 0.08"-0.26".

Keywords: astronomical data bases — astrometry —
methods: data analysis — catalogs

1. Introduction

In 2014 we used Joint Digital Archive (JDA) database of
UkrVO (Vavilova et al., 2012a, 2012b) to find and recalcu-
late all Ukrainian observations of Pluto (Kazantseva et al.,
2015). In 2015 we continue this work and analysis of the
available photographic plates in JDA, containing images of
Uranus and Neptune, was conducted.

Archives of the NAO (Zonal Astrograph (ZA,
D/F=12/204, 101"/mm), MAO (Double Wide-angle
Astrograph (DWA, D/F = 40/200, 103"/mm), Double
Long Focus Astrograph (DLFA, D/F=40/550, 37"/mm)),
AO ONU (Seven Wide Angle Astrograph (SWA,
D/F=12/60, 313"/ mm)) and AO KNU were used. Then,
we start scanning of this plates and make processing of a
received images. Using different kind of software we ob-
tained coordinate of the planets and comparing results
with well known ephemerides.

2. Structure of archive and plate scanning

We found more than 600 plates with Uranus and Nep-
tune in UkrVO. Structure of plate archives is shown in
Table 1.

Table 1. Structure of plate archives

Telescope, Uranus, Neptune,
epoch plates plates
NAO ZA 220 218
1961-1998
MAO DLFA, DWA, 64 35
7600
1963-1991
AO ONU SWA 42+12 32+12
1960-1989
AOKNU| AZTS8, DAMR 3 1
1988, 1908
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All plates in NAO and MAO have 2 or 3 exposures per
plate. Another one have only one exposure. 12 plates of
AO ONU have Uranus and Neptun in same plate.

After searching in JDA all plates were scanned with the
resolution not less than 1200 dpi (part of plates in NAO
were scanned with the resolution 1600 dpi). Current status
of the scanning shows in Table 2.

Table 2. The current status of the plate scanning

Uranus, scaned, Neptune, scaned,
plates plates/scans plates plates/scans
NAO 220 104/618 218 160/952
MAO 64 39/39 35 35/45
AO ONU| 42+12 48/54 32+12 38/38
AOKNU|l 3 373 1 11

Each plate of NAO was scanned 5 to 6 times without
turning. Plates containing images of Uranus and Neptune
were, respectively, scanned 618 and 952 times in NAO.
All plates of other observatories were scanned only once
(ecsept one plate of MAO and AO ONU with 6 scans for
testing purpose).

3. Data reduction and quality analysis

For raw image processing we used MI-
DAS/ROMAFOT software (Andruk et al., 2010; Protsyuk
et al.,, 2014a, 2014b). Raw image processing for scans
containing 1images of Uranus and Neptune was, respec-
tively, conducted for 618 and 952 scans in NAO and for
all scans obtained in other observatories. (X, Y) coordi-
nates, (I) intensities and FWHM values were obtained for
images of all objects. The current status of raw image
processing shows in third column of Table 3 (considering
that 1 plate in NAO usually have 6 scans).

Table 3. The current status of the raw image processing
and identification

scaned, processed in identified, no identi-
plates MIDAS, plates fied,
plates plates
RINAO | 264 264 244 8
MAO 74 74 66 8
AO ONU 86 85 2 -
AO KNU 4 4 1 -

For star identification we used two different software
package for LINUX and WINDOWS system (Protsyuk et
al., 2014; Andruk et al., 2016). Star identification for scans
containing images of Uranus and Neptune was, respec-
tively, conducted for 600 and 936 scans in NAO and for 71

scans in MAO. Some of plates no identified due to quality
of images and errors in observation. After identification
coordinates of all objects on plates were obtained in Tycho-
2 system (Protsyuk et al., 2014; Andruk et al., 2016).
Positional accuracy of reference stars shows in Table 4. In
first column scale of one pixel in seconds of arc specified.
In columns from 4 to 6 standart deviation (SD) of planet's
position (in arcsec and pixel) and magnitude shows. Table 4
shows, that SD of planet's position is in ranges 0.10-0.12
pixel in main part of archive, that corresponds depending on
the scale from 0."08 to 0."26. Plates of AO ONU have large
scale and big distortion near the border, so, errors in
seconds of arc also big.

Table 4. The current status of the reduction

Proc., Ident., SD of SD of SD
plates plates planet RA  planet of
position, DEC pos., mag
arcsec|pix —arcsec|pix
NAO | 264 244 0.19/0.11 0.19/0.11 0.01-
2.1]1.6 0.07
MAO 0.09/0.11 0.08/0.10 0.01-
DLFA 0.03
0.8
Mao| 4 0 92010 026012 0.04-
DWA 0.05
2.2
AO 85 2 2.2/0.13  2.7/0.16 0.01-
ONU 0.03
16.9
AO 4 1 - -
KNU

Since the NAO has a 6 scans for each plate we obtained
inner accuracy of planets coordinate. Distribution of
quantity of SD of positions in seconds of arc shows on
Fig. 1 for Uranus and on Fig. 2 for Neptune.
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Figure 2: Distribution of quantity of SD of Neptune
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Some plates of NAO have 5 exposures, so, we obtained
track of planet position during time of observation (Fig. 3,
Fig. 4).
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Figure 3: Track of the Uranus in RA direction on one of a
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Figure 4: Track of the Uranus in DEC direction on one of

a plates

For all moments of planet's observation we downloaded
planet's position from The Institut de Mecanique Celeste
et de Calcul des Ephemerides (IMCCE) ephemeris web-
site and were compared our results with well known
ephemerides.

4. Conclusion

We were found in UkrVO archive 627 plates with 1701
exposures of the Uranus and Neptune. Were scanned and
processed in MIDAS software 428 plates on date. And
were identified 313 plates with 932 positions of Uranus
and Neptune. Obtained positions were compared with
known orbital theories and were received (O-C) for them.

For next period we will modify program for processing
AO ONU observations, finishing scan, reduction and iden-
tification of all UkrVO plates with Uranus and Neptune.
Also we shall include satellites of the planets in workset
and using of those coordinates for improvement of the
orbital theory of the planets and their satellites.
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who has read this contribution to the end.
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CREATION OF LARGE CATALOGUES BY USING OF VIRTUAL
OBSERVATORIES

Yu.I.Protsyuk, O.M.Kovalchuk
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Mykolaiv, Ukraine, yuri@nao.nikolaev.ua

ABSTRACT. We developed an application program to
search images in the registers and databases of Virtual
Observatories and to download them to local computer.
The program has the ability to process XML file in VO
Table format to generate links to images, as well as to
work directly with the astronomical servers. To improve
the efficiency for downloading of large number of images,
we used multi-threaded mode. The program runs under the
Windows operating system. Using the program in 2014
year, we found and downloaded more than 145 thousand
of images of open clusters, having total volume of about
300 GB. Total download time was about 7 days. To
process the downloaded images, we created and
configured a complex of 10 virtual machines on two PCs
for parallel image processing by using Astrometrica
program. Total processing time was about 14 days. An
application program was also created to analyse the
obtained results, which were used to create four
catalogues of stellar coordinates at the average epoch of
1953 to 1998. The total number of stars in the catalogues
is more than 35 million. The standard error is 0.04" to
0.07", and the average number of observations is 4 to ©.
The catalogs are used to improve proper motions of stars
in and around of open clusters.

Keywords: Astrometry — Astronomical data bases —
Catalogs — Virtual observatory tools.

1. Introduction

In recent years through the development of panoramic
receivers and information technology astronomers must
respond to an avalanche increasing amount of data that
contain information on many celestial objects at different
wavelengths. Existing and future huge databases can not
afford to use in one isolated institution, but provides such
opportunities for international cooperation and organiza-
tion wide access to collected data. International Virtual
Observatories Alliance (IVOA) created to pool resources
astronomical data at the national and international levels
and provide convenient unified search engine to access the
data. Since 2011 Ukrainian Virtual Observatory (UkrVO)
included to IVOA (Vavilova et al., 2010, 2011, 2012).

New scientific results can be obtained using data accu-
mulated on different instruments for a long time. One ex-
ample of this is the study of open clusters (OC) of our Gal-
axy, formations of stars that have a common origin. It helps

solve a wide class of problems concerning formation of
stars, structure and evolution of the Galaxy and others. Cur-
rently, the number of OC estimated near one hundred thou-
sand and only a small percentage of them have been studied
in detail. In particular, we don't know the exact distances
and middle proper motions of about half of all known OC.

To solve this problem at the Research Institute: Ni-
kolaev Astronomical Observatory (RI NAO) we studied of
stars in regions around the OC several last years using the
achievements of a decade of work on the creation and
implementation of modern information technologies in
astronomy, including the UkrVO creation (Protsyuk et al.,
2007; Mazhaev et al., 2014; Vavilova I. et al.: 2010, 2011,
2012, 2014). With the assistance of our own observations
and data from IVOA registries received at different times
and at different telescopes, an accurate catalogs of posi-
tions and proper motions of stars around OC in creating
(Protsyuk et al., 2014).

2. Develop an application program to search images
in VO databases

Search and downloading of astronomical images ob-
tained at different times and on different instruments
through specialized astronomical websites or through ex-
isting specialized software requires a big amount of man-
ual work and time if there is a need for a large number of
observations. For this purpose we developed methodics
and software to search for images in the IVOA registers
and astronomical databases (DB) and automatically
download them to computer. Software provides features
for finding information about astronomical images and
automatically download them to your computer when
matching predetermined criteria. Search criteria, given in
a prepared list, include the angular coordinates and search
radius. The program has the ability to process XML files
in VOTable format to create links to the images and work
directly with astro-servers. Software running in the Win-
dows operating system and consists of several functional
modules — namely: content downloads module, module of
content analysis of Web page and formation of links to
files and image downloads module. The program works in
multithreaded mode and provides full control of
downloading and processing of possible network errors.
Download speed is limited only by the speed of the Inter-
net connection. TThe modular construction principle of
the program provides high stability that is essential for
automatic downloading large file sets.
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3. Processing and analysis of the obtained images

We used developed program for 500 selected fields aro-
pund OC and were found and downloaded more than 145
thousand images in 2014. Images were obtained at various
of telescopes from 1952 to 1999 with total capacity near
300GB. Total duration of the work of program was about 7
days of continuous operation. By automating the process
productivity increased about 200 times.

For processing the images arrays we created complex of
10 virtual machines on 2 PCs, which is configured for par-
allel automatic processing of large volumes of observations
using Astrometrica (http://www.astrometrica.at) with addi-
tional program for automation. Images were downloaded
from Aladin Images Server (http://aladin.u-strasbg.fr) for
infrared photometric reviews 2MASS (Skrutskie M.F. et al.,
2006.) and DENIS (DENIS Consortium, 2005) and from
the server http://archive.stsci.edu for The Digitized Sky
Surveys (DSS) array. Also we include near the 20 thousand
own observations at the telescope Mobitel KT-50. The
UCACH4 catalog (Zacharias et al., 2013) were used for all
reduction as reference one. The total number of processed
images — more than 160 thousand. Were received coordi-
nates for more than 235 million objects with good preci-
sion. For processing of the entire array of images with 10
virtual machines took about 14 full days job.

Also software for the analysis of the results were cre-
ated. The accuracy analysis of (O-C) (UCAC4 reference
catalog) depending on the Mag, Dec, Ra and Color band.
Calculation of the standard deviation and the mean (O-C)
made in 3-iteration. This number of iterations is selected
because the number of exceptions by the criterion 36 in
third iteration decreases sharply. Part of the results of cal-
culations for one source (2MASS) set out in the form of a
graphs of Figures 1-4.

Figure 1: Dependence of  Figure 2: Dependence of
the standard deviation (SD) the mean O-C to magnitude
of O-C to magnitude

aspsacer auss 1O Dre Kbt BiASS

Figure 3: Dependence of
the SD of O-C to
declination

Figure 4: Dependence of the
SD of O-C in declination to
magnitude in bands J, H, K

We made analysis of accuracy of the results from all 4
sources by magnitude, coordinates and color band.

4. Creation and analysis of the catalogs

Image processing conducted using the program
Astrometrica and additional program, created in the RI
NAO, for batch mode processing. Were processed over
160 thousand images with UCAC4 reference catalog. All
data is divided into five parts and we obtained five
catalogs at different epochs.

First consider the catalog, obtained from 2MASS set.
We received more than 135 million objects on it in sites
containing OC. With this data we obtained astrometric
catalog of over 19.7 million stars (9-18.5)" (Fig.5) which
observed three and more times with the average number of
observations (ANO) of a star about 6.3 times and the
average accuracy of catalog position (AACP) in right
ascension (RA) 40 mas and declination (DEC) 39 mas
(Fig. 6). The average epoch of catalog is 1998.7.

3.5x10°

—e— Stars from UCAC4

6
3.0x10 «.0-+ All stars

2.5x10°

2.0x10° A

N stars

1.5x10°

1.0x10°

500.0x10°

0.0 - T T T T T
8 10 12 14 16 18

Magnitude

Figure 5: Distribution of stars of 2MASS set catalog to
magnitude
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Figure 6: Dependence of
precision of 2MASS set
catalog to magnitude.

Figure 7: Dependence
accuracy of 2MASS set
catalog to DEC

As shown in Figure 7 the accuracy distribution to dec-
lination without major deviations. In comparison, the ref-
erence catalog on the same data, which includes over 5.1
million stars from UCAC4 that were observed 3 or more
times with ANO of a one star about 4.9 times have AACP
32 mas by RA and 28 mas by DEC.

Next consider the catalog, obtained from the DENIS
set. We received more than 24.5 million objects in re-
gions, containing OC. With this data we obtained astro-
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metric catalog of more than 3 million stars (9-18.5)
(Fig. 8) which observed three and more times with the
ANO of a star about 5.2 times and AACP in RA 52 mas
and DEC 68 mas (Fig. 9). The average epoch of catalog is
1998.8.
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Figure 8: Distribution of stars of DENIS set catalog to
magnitude
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Figure 10: Dependence
accuracy of DENIS set
catalog to DEC

Figure 9: Dependence of
precision of DENIS set
catalog to magnitude.

As shown in Figure 10 the accuracy distribution to
declination have the noticeable dependence. In compari-
son, the reference catalog on the same data, which in-
cludes over 0.9 million stars from UCAC4 that were ob-
served 3 or more times with ANO of a one star about 5.3
times have AACP 41 mas by RA and 52 mas by DEC.

Next consider the catalog, obtained from the DSS-A
set. We received more than 19.5 million objects in re-
gions, containing OC. With this data we obtained astro-
metric catalog of about 3 million stars (13-18.5)™ (Fig. 11)
which observed three and more times with the ANO of a
star about 4.1 times and AACP in RA 65 mas and DEC
70 mas (Fig. 12). The average epoch of catalog is 1953.2.

As shown in Figure 13 the accuracy distribution to
declination have the noticeable dependence with accuracy
deviation. In comparison, the reference catalog on the
same data, which includes about 0.7 million stars from
UCAC4 that were observed 3 or more times with ANO of
a one star about 3.6 times have AACP 65 mas by RA and
70 mas by DEC.

700x10°

600x10° 4

500x10°

400x10°

N stars

300x10° 4

200x10° 4

100x10° 4

—e— Stars from UCAC4
++O-+ All stars

Magnitude

Figure 11: Distribution of stars of DSS-A set catalog to

magnitude

Errors, mas

Magnitude

Figure 12: Dependence of
precision of DSS-A set
catalog to magnitude.

Figure 13: Dependence
accuracy of DSS-A set
catalog to DEC

Next consider the catalog, obtained from the DSS-B set.
We received more than 52.5 million objects in regions, con-
taining OC. With this data we obtained astrometric catalog
of more than 8 million stars (13-18.5)™ (Fig. 14) which ob-
served three and more times with the ANO of a star about
5.7 times and AACP in RA 47 mas and DEC 54 mas
(Fig.15). The average epoch of catalog is 1988.3.
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Figure 14: Distribution of stars of DSS-B set catalog to
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Errors, mas

Magnitude

Figure 16: Dependence
accuracy of DSS-B set
catalog to DEC

Figure 15: Dependence of
precision of DSS-B set
catalog to magnitude.

As shown in Figure 16 the accuracy distribution to dec-
lination have the some dependence and the picture is
somewhat reminiscent of the behavior of the system in the
Mobitel telescope (Fig. 19) but zero-point is not at zenith
but around the equator. When you move to north accuracy
difference between the two coordinates increases. In com-
parison, the reference catalog on the same data, which
includes over 1.8 million stars from UCAC4 that were
observed 3 or more times with ANO of a one star about
5.6 times have AACP 50 mas by RA and 56 mas by DEC.
This is worse, than accuracy of general catalog and is as-
sociated with significantly worse accuracy of bright stars.

Finally consider the MOBITEL-2014 catalog, which in-
clude data from more than 20 thausands of CCD images,
observed in RI NAO in 2011-2014. We received more than
90 million objects in regions, containing OC in the area of +
20 ° from the Galactic plane. With this data we obtained
astrometric catalog of over 3.7 million stars (8-17)" (Fig.
17) which observed three and more times with the ANO of
a star about 21 times and AACP in RA 29 mas and DEC
38 mas (Fig. 18). The average epoch of catalog is 2013.6.
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++O-- All stars s
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N stars
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Figure 17: Distribution of stars of MOBITEL-2014 set
catalog to magnitude

As clearly shown in Figure 19 the accuracy distribution
to declination have the dependence from the zenith dis-
tance. Perhaps the reason is related to the lack of telescope
alignment in south, which is usually performed only in the
direction of the zenith (6 = 47°) and pole (6 = 90°) without
alignment control to south of the zenith.

ors, mas.

Magnitude Declination

Figure 18: Dependence of ~ Figure 19: Dependence
precision of MOBITEL set accuracy of MOBITEL set
catalog to magnitude. catalog to DEC

5. Conclusion

By using software, created in NAO in 2014, at 500 se-
lected areas of sky within a 7 days of continuous operation
more than 145 thousand astronomical images obtained at
various telescopes from 1952 to 1999 was found and
downloaded. For processing the arrays of images, including
20 thousand of own observations, the complex of 10 virtual
machines was created on 2 PCs. Complex was set up to
automatic processing of large volumes of observations in
parallel and worked about 14 full days. As a result, we re-
ceived more than 235 million coordinates of sky objects
with good precision. All the processing is performed in a
single system with the same software. And we obtained
astrometric catalogs with more than 38 million stars.

Thus, the implementation of this investigation resulted
in the increase performance of processes from 10 to 200
times. It shows how important for modern astronomy is to
use modern information technology when working with
large volumes of information.
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has read this contribution to the end.
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ABSTRACT. In order to calibrate the images of astro-
nomical photographic plates from the archive of UkrVO
was created the compiled catalogue of photoelectric
UBVR stellar magnitudes. It is based on: the Kornilov
catalogue of 13586 WBVR stellar magnitudes (Kornilov
at al.,, 1991), the Mermilliod catalogue of 68540 UBV
stellar magnitudes (Mermilliod, 1991) and the Andruk
catalogue of 1141 UBVR stellar magnitudes (Andruk at
al.,1995). All original coordinates have the different epoch
and equinox. We performed the cross reference of stars
from these three catalogues with the Tycho2, UCAC4 and
XPM catalogues and created a new photometric catalogue
on the epoch and equinox of J2000.0.

Keywords: Photometric — methods: data analysis — cata-
logues virtual observatory tools — astrometry - techniques

1. Introduction

For the goals and objectives of photometric calibration
of the astronomical photographic plates exposed for the
sky areas from -30° to 90° was created the first version of
the compiled star catalogue of the positions, proper mo-
tions and photoelectric U(W)BVR stellar magnitudes in
the Johnson system. The reason for the creation of this
catalogue was the low precision of the equatorial coordi-
nates and the absence of any information about the proper
motions of stars, that have photoelectric U(W)BVR stellar
magnitudes in all source catalogues. For our purposes
were chosen three source catalogues:

1. Photometric catalogue of UBV stellar magnitudes
(Kornilov et al., 1991)

2. Photometric catalogue of WBVR stellar magnitudes
(Mermilliod et al., 1991)

3. Photometric catalogue of UBVR stellar magnitudes
of the MEGA project (Andruk et al., 1995; Andruk 1996;
Andruk 1996; Andruk 1996).

The corresponding number of stars with the photoelec-
tric stellar magnitudes in three source catalogues is follow-
ing: 13586 (down to & < -26°), 47022 (down to & < -30°)
and 1141 (down to & < -13°). Altogether the whole list has
61749 stars. The precision of the equatorial coordinates of
the stars in these catalogues is not high enough, (especially

for the second catalogue), that complicated the identifica-
tion of the calculated coordinates of stars obtained as the
result of the processing of digitized images of photographic
plates. The difficulties by the identification are significant
for the faint stars and growing up for the photographic
plates recorded in the first half of the twentieth century.

2. The results of the identification with the Tycho2,
UCAC4 and XPM catalogues

All stars of the created list were consistently identified
with the stars of the Tycho2, UCAC4 (Zacharias et al.,
2013) and XPM (Fedorov P. et al., 2009) catalogues. The
corresponding amounts of stars of the individual source
catalogues identified with the Tycho2 catalogue were fol-
lowing: the 38837, 13202 and 633 stars for the first, second
and third catalogues respectively. Then the not identified
stars from the whole list were compared with the UCAC4
catalogue. The results of this second identification were: the
7803, 289 and 460 stars for the first, second and third
source catalogues respectively. The same procedure of the
identification for the rest of not identified stars using the
XPM catalogue gave out the following results: the 75, 3 and
7 stars. So the first version of our catalogue contain 61309
stars. Due to the errors of identification and because of the
duality of a certain amount of stars, the number of the starts
in the final catalogue will be decreased.

3. The using of the two exposures on the same pho-
tographic plate for the photometry

The combination of characteristic curves of the two ex-
posures on the same photographic plate makes possible to
build a new combined characteristic curve for the whole
interval of stellar magnitudes on the photographic plate.
The photoelectric stellar magnitudes (Bpe) from the source
catalogues were used as the photoelectric standards. The
steps and methods of the construction of such combined
characteristic curves for photographic plates, are shown on
the figures 1 and 2. The photometric field errors were also
taken into account. The difference between stellar magni-
tudes of two exposures in the scale of the photoelectric
standards (Bpe) is AB = 3.223 mag. The errors of photome-



212

Odessa Astronomical Publications, vol. 28/2 (2015)

try are o1 = + 0.229 mag for the first exposure and 62 = +
0.374 mag for the second one. The characteristic curves for
the binding of the instrumental photometric values of ml
and m2 with the scale of photoelectric standards Bpe are
displayed on the d-panel. The photometric errors are 61 ==+
0.146 mag and 61 =+ 0.179 mag.

Plate N0220
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Figure 1: Photometry of stars using the information about
the two exposures for the photographic plate N0220.
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Figure 2: The photometric field errors (upper panels and

panels a, b, ¢, d) for the photographic plate N0220.

4. About the compiled catalogue of photoelectric
U(W)BVR magnitudes

As a result of this succeeding identification was created
a compiled star catalogue of the equatorial coordinates
and proper motions in the system of the Tycho2 catalogue
and photoelectric U(W)BVR magnitudes adopted to the
Johnson system. The electronic form of this catalogue is
presented in the 14 columns. The first seven columns con-
tain information from the original source catalogues:
equatorial coordinates a, 6 (1 and 2 columns); U(W), B, V
and R magnitudes (3, 4, 5 and 6 columns); the 7 column
contains the references on the original photometric cata-
logues (1 — Andruk et al., 1995, 2 — Kornilov et al., 1991
and 3 — Mermilliod et al., 1991). The next seven columns
contain the results of the identification: the equatorial co-
ordinates of the stars on the epoch and equinox 2000.0 (8
and 9 columns); the proper motions paCosd and ud
(arcsec/year, 10 and 11 columns); B and V magnitudes
from the Tycho2, UCAC4 and XPM catalogues recorded
in columns 12 and 13; the last column (14) contains the
references on the catalogues where data taken from (1 —
Tycho2, 2 — UCAC4 and 3 — XPM).

5. Conclusion

This work was performed within the framework of work
on the creation of software for data reduction of Joint Digi-
tal Archive of Ukrainian Virtual Observatory (Vavilova et
al., 2012; Vavilova et al., 2012). The photoelectric calibra-
tion of the photographic plates was already used by the au-
thors in series of works (Andruk et al., 2010, Andruk et al.,
2014, Andruk et al., 2016, Kazantseva et al., 2014, Prot-
syuk et al., 2014). The created catalogue will be posted on
the websites of the RIO NAO (Ukraine), MAO NASU
(Ukraine) observatories and as well as will be transferred to
the Strasbourg astronomical Data Centre.
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who has read this contribution to the end.
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CATALOG OF ASTRONOMICAL POSITIONS OF SATURN’S
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ABSTRACT. In the framework of UkrVO national pro-
ject the new methods of plate digital image processing are
developed. The photographic material of the UkrVO Joint
Digital Archive (JDA, http://194.44.35.19/vo-mao/DB/
archivespecial.php) is used for the solution of classic as-
trometric problem — positional and photometric determi-
nations of objects registered on the plates including Sat-
urn’s moons. The results of tested methods show that the
positional RMS errors are better than 150 mas for both
coordinates and photometric ones are better than +£0.20™
with the Tycho-2 catalogue as reference.

Keywords: astrometry — methods: catalogs — planets and
satellites: individual: Saturn

1. Introduction

A decade ago we created the database of metadata of
photographic astronomical plates DBGPA on the base of
the MAO NASU glass archive. Later it formed the basis
for the creation of Ukrainian VO Joint Digital Archive
(JDA) (Vavilova et al., 2012, Vavilova et al., 2012). The
efficient structure of the JDA database facilitates a quick
search and selection of the desired information for the
solution of specific problems such as the determination of
the coordinates of celestial bodies and creation of cata-
logues of stars and galaxies (Kazantseva et al., 2015).

Here we present the results of the reduction of photo-
graphic observations of Saturn and its moons, made in
1961 — 1991 at the MAO NASU using 4 telescopes. In
DBGPA, we found the data of almost 300 photographic
observations of these objects. For further processing, we
select 253 plates matching the quality criteria. These
plates were scanned using Epson Expression 10000XL
(EE) commercial scanner. The complete reduction of the
set of plates was made using the software package spe-
cially developed and customized for this case at the MAO
NASU Department of Astrometry. The catalogue of more
than 1100 astrometric positions of the eight Saturn’s
moons (S2-S9) was obtained in the system of the Tycho-2
star catalogue. The internal accuracy of RMS reduction on
the data of three telescopes DLFA, DAZ, and Z600 is
about £0.03” — +0.11", for the DWA plates the accuracy
appears to be a little bit worse £015"—+0.21". The tempo-
ral distribution of calculated positions of moons is pre-
sented in the histogram of Fig.1.

The most effective observations were those done in
1980 and 1982 with DWA and the observations conducted
in 1990 with Z600 (Yizhakevych et al., 2014).

Total number of positions is
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Figure 1: The distribution of the calculated positions of
Saturn’s moons observations using 4 telescopes of the
MAO NASU.

2. Observational data

The first series of photographic observations (193
plates, 71 observational nights) were obtained during
1961-1988 using two astrographs: Double Long Focus
Astrograph DLFA (D/F=400/5500 mm) and Double Wide
Angle Astrograph DWA (D/F= 400/2000). A few short
series of observations were made in field conditions: in
1986 with the Double Zeiss Astrograph DAZ (D/F=
400/3000) in Kitab observatory of the Tashkent University
(Uzbekistan) (8 plates, 7 observational nights) and in 1989
(7 observational nights), 1990 (9 nights), 1991 (7 nights)
with the Zeiss Reflector Z600 (F=7500 mm;
mt. Maidanak, Usbekistan (54 plates). Table 1 presents the
more information about the telescopes and the observa-
tional material.

The most efficient observers for 30 years who col-
lected data for more than 10 plates each were Ledovskaya
(Kulyk) 1.V., Lysiakova R.F., Major S.P., Onegina A.B.,
Sereda E.M., Shatokhina S.V., Yizhakevych O.M.

The technique of observations of moving objects with a
different brightness (from 8™ to 14™) is the exposition of
multiple images of varying duration on the same plate.
Obviously, the effectiveness of such observations depends
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on the mutual random placement of the Saturn’s moons at
the moment.

Table 2 shows the availability of Saturn’s moons obser-
vations using MAO NASU telescopes. The highlighted data
apply to the maximum distances between the moon and the
planet (in mm) on the plate depending on the telescope
scale. In the other words, they concern the cases when the
moon being in the opposition can be found on the plate.

Table 1. Additional information about telescopes.

Tele- Scale Field Emul- Years
scope, "/mm | degree sion
Tube
ORWO
DLl;A, 37.5 2.5x2.5 | -ZU21, 1961-
-ZU2 1984
DLFA, ORWO
I 37.5 1.8x2.5 NP27 1982
DWA, ORWO 1976-
LIl 103.1 8.0x8.0 7021 1088
DAZ, ORWO
LIl 68.8 0.5x0.5 7021 1986
ORWO
-ZU21, 1989-
Z-600 27.5 5.5x5.5 202, 1991
-NP27

Table 2. The availability of the observations of Saturn’s
satellites (S2—S9) with telescopes of the MAO NASU.

Distance from the Planet (mm) on the
Satel- | MgV | plate depending on the telescope scale
lite
DLFA DWA DAZ 7600
37"/mm | 103"/mm | 68"/mm | 27"/m
m
1 2 3 4 5 6
S2 11.7 1.1 0.4 0.6 1.5
S3 10.3 1.4 0.5 0.7 1.8
S4 10.4 1.7 0.6 0.9 2.3
S5 9.7 2.4 0.9 1.3 3.2
S6 8.3 5.5 2.2 3.1 7.5
S7 14.2 6.7 2.7 3.7 9.1
S8 11 16.1 5.9 8.9 21.8
S9 16.4 111. 41. 62. 152.

T exposure: from some seconds of time to some minutes

In fact, various reasons make the chance for the satel-
lite detection lower, for example, because of photographic
irradiation, mismatched exposure duration, unfavorable
mutual placement of moons, and others.

The special attention was paid to the estimation of the
moments of observation. As a rule, the observer recorded
the moments of cassette shutter opening and closing at the
hearing using stellar chronometer or stellar clock with the
further connection to the precise time signals by the
«6 points» technique. Before the start of the processing,
the corrections of chronometers and stellar clocks were

newly qualified and the UT moments of the middle of the
exposition were also redefined for each image in contrast
to DBGPA data, where the moments of observation have
the different format of presentation. They are the start
moments of the exposure and its duration.

Search files for the identification of the moons were
prepared due to the IMCCE (Paris) ephemeris
(http://www. imcce.fr/hosted_sites/aimirror/nssephe.php).

3. Reduction

The algorithm of calculation of the positions by photo-
graphic observations is as follows: the first step is the deter-
mination of the rectangular coordinates x, y of objects in the
plate coordinate system; on the second step, the objects are
identified in the reference star catalogue, and finally the posi-
tions in the equatorial coordinate system @, 6 are derived.

The connection between two coordinate systems x, y and
0, 0 is determined by the infinite power series, whose
members depend on many factors. Among them are the
quality of the telescope optics, the field of view of the tele-
scope, the tilt of the plate to the focal plane of the optical
system, the reference system used, the number of reference
stars on the plate and other factors. The calculations using
the formulae of the linking are possible only after the appli-
cation of restrictions on the number of members of the
power series in the result of the evaluation of their rele-
vance on the basis of the adopted model of aberrations. By
varying this number, we can get results with the highest
level of accuracy, leaving only the significant members of
the series (Andruk et al., 2005; Andruk et al., 2014). The
scanning of plates was made using Epson Expression
10000XL scanner at 16-bit gray levels and a resolution of
1200 dpi. (Golovnya et al., 2010). Previously, the detailed
study of the device, namely the additional errors, connected
with the scanner mechanics behavior, has showed its appli-
cability to the solution of problems of ground-based astron-
omy (Protsyuk et al., 2014).

The software package, specially developed and custom-
ized for the case in the LINUX-MIDAS-ROMAFOT envi-
ronment (Andruk et al., 2007; Andruk et al., 2010), al-
lowed to make a reduction of 253 scans with Saturn’s
moons images. In fact, the amount of processed material
appeared to be approximately three times larger because
of multiple images on the each plate. It requires the addi-
tional efforts to improve the software algorithm for split-
ting the digitized image into separate files according to the
number of exposures on the plate.

Initially, the software was developed for the process-
ing of the astronegatives of the FON project (Yatsenko et
al., 2011). Its plates have large fields of view and are ob-
tained with two expositions: long (16—-20 min.) and short
(30-60 sec) ones. This allows selecting a few hundred
reference stars from the Tycho-2 catalogue homogene-
ously distributed across the plate field. The more reference
stars are on the plate, the more accurate solution for the
relation of two coordinate systems could be obtained. In
our case, the number of exposures exceeds two.

The processing of the DWA (8°x8°) and DAZ (5°x5°)
plates was made using the polynomial of the sixth degree.
In addition to them in the observations of Saturn’s moons
another two telescopes were involved having different
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scales of images and star fields (Table 1). So, the reduc-
tion of DLFA plates (2°x2°) needs the polynomial of the
third degree, and the linear model was applied to the re-
duction of Z600 (0.5°x 0.5°) plates.

The first step of the reduction includes the full analysis
of the image for detecting the blemishes and damages of
the emulsion on the plate as well as their removal. The
elimination of scanner errors is done on the same step too.

The next step was the full reduction of the selected
plates. On this step, the plates with failed observations
were found and excluded from the processing. These in-
clude plates with aiming errors (plates of Z600, obtained
in 1991), improper exposition duration when observing
faint objects (plates with Phoebe — S9, 16.4™; plates of
7600, obtained in 1989), errors in the recording of times
and in the determination of chronometer corrections, etc.

Finally, we obtained the catalogue of 1100 astro-metric
positions of eight Saturn’s moons (S2—S9) using 193 pho-
tographic plates exposed on four telescopes during 87
productive observational nights.

The comparison of observed positions with the theory
of moons’ motion DE431 was made using the ephemeris
of IMCCE, France, and the residuals (O—C), and (O-C);,
as well as their standard deviations o, were obtained ac-
cording to (1):

o =yZ(0-c), ~(0—c))* [(n-1). (1)

The results of the comparison are given in Table 3. The
internal accuracy of the astrometric reduction into the Ty-
cho-2 reference system lies within £0.03"” — +0.11" for the
three telescopes DLFA, DAZ, Z600. For the DWA, the
internal accuracy is worse, and it is equal £015"—+0.21".

Figures 2, 3, 4, 5 show the scattering of (O—C) devia-
tions from their average value for S6 satellite as the most
efficient object for all four telescopes. The comparison
between these four histograms demonstrates that the scat-
tering of O-C from their average value lies in the limits of
1" and is random for DLFA, DAZ and Z600. In the case
of DWA, this scattering is much larger and lies within
+2". The dispersion analysis for the Fisher test shows that
it may indicate the presence of an undetected source of
residual systematic errors.

Internal precision
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Figure 2: Residuals (O-C); DLFA

Table 3. Statistic parameters of the results of the astro-
metric solution for 7 satellites and 4 telescopes.

Obi DLFA (19611984 yrs)

)N J 0G| o." 0G| 0"
S2 9 +.402 0.32 +.184 0.17
S3 71 -.094 0.38 +.085 0.46
S4 118 -.015 0.33 +.067 0.39
S5 186 +.071 0.34 +.018 0.35
S6 248 +.005 0.32 -.018 0.37
S8 212 -.019 0.36 +.019 0.37

by 844 | +.007 +.34 +.022 +.37

Obi DWA (1978-1986 yrs)

)N T oG | o." 0G| 0"
S5 5 -.744 0.85 -214 1.11
S6 55 +.209 0.60 +.109 0.64
S8 36 -.744 0.85 -214 1.11

b 96 | -.198 +.72 -.004 +.87

. 7600 (1990)

Ob-] N O_CO( " o(x" O-Cg" Os "
S3 4 +.166 0.25 | +.041 0.30
S4 11 -.160 0.30 | +.089 0.24
S5 12 -.252 046 | +.183 0.26
S6 35 -.032 043 | -219 0.30
S7 | 5 |-252 051 | +099 | 039
S8 29 | +.313 041 | +.016 0.34
S9 1 +.439 -.268

= 97 | +.027 +41 | -.035 +.31

. DAZ (1986)

% N T o0 [ o | 0G| o
S4 4 -.451 0.27 | +.096 0.15
S5 18 -.093 047 | +.070 0.29
S6 29 | -.052 0.34 | +.040 0.27
S8 29 | -.012 031 | -.012 0.31
= 80 -.055 +.33 +.025 +.26
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Figure 3: Residuals (O—C); DWA.
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Figure 5. Residuals (O—C); DAZ.
4. Conclusion

The catalogue of 1100 astrometric positions of eight
Saturn’s moons S2-S9 was obtained based on the reduc-
tion of four independent series of observations from dif-
ferent telescopes. For the moment, we have processed 193
plates from the set of 253 plates found in the database of
UkrVO JDA.

The internal accuracy of the reduction for three tele-
scopes with the scales from 28 to 68 arcsec/mm lies with-
in £0.03"” — +£0.11". The fourth instrument with the scale
103 arcsec/mm gives the accuracy in the interval £015"—
+0.21" and the larger dispersion of O—C.

For three telescopes DLFA, DAZ, Z600 standard de-
viations ¢ are in the range from +0.25"” to +0.37" for both
coordinates, while those for DWA exceed the above val-
ues of 1.5-2 times.

The dispersion analysis for the Fisher test shows that
the larger dispersion of O-C for DWA may indicate the
presence of an undetected source of residual systematic
errors. In order to identify the cause of these errors, we
assume to perform the additional analysis of the reduction
of DWA observations.

The problem of the reduction of Z600 plates exists.
Most of them were eliminated because of insufficient re-
sults of the preliminary digital analysis of images for de-
fects and damages of emulsions. The considerable number

of moons’ images close to the planet was not found on the
scans of those plates using the digital procedure in con-
trast to the previous reductions based on the classic tech-
nique of measurements (Izhakevich, 1991; Yizhakevych,
1991; Yizhakevych, 1994, Kaltygina, 1992; Pakuliak,
2012; Yizhakevych, 2012). These points to the possible
limitations of the processing algorithm, which could mis-
identify the few pixel images of faint moons as the “dirt”
on the emulsion. This requires the further improvement of
the software for the processing of digital images of plates
with the Solar System bodies.
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